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TabGneTky MOXHa po3AinuTH Ha piBHI Ao3n'*

IHgpopmauis npo peuenTypHi nikapcbki 3aco6n ;um /11 i i i ﬂepea 6ya ro Jiil 0 3acoby,
6ynab nacka, 060B’I3K0BO i YUHHOI il Yl Ci i i

npo nikapceki 3aco6u L-TUPOKCUH 50 BEPJTIH-. XEMI/L ~TUPOKCWH 100 BEPJ1IH- XEMI PI1 Ne UA/8133/01/02 iNe UA/B133/01/01 L-TUPOKCHUH 75
BEPJIIH-XEMI, PN N2 UA/8133/01/03, L-TUPOKCWH 125 BEPJIIH-XEMI, PN N2 UA/8133/01/04, L-TUPOKCWH 150 BEPJIIH-XEMI, PN N2 UA/8133/01/05

Aitoyi pevoBuHmn: 1 Tabnetka MICTUTb NEBOTUPOKCKHY HaTpito 50 mkr a6o 100 mkr, 75 mkr, 125 mkr, 150 mkr (BignosigHo). Mokasauua. JobposikicHuii 306 3

eyTpeoigHUM cTaHoM YHKLUIT LLMTOBMAHOT 3an103u, NpodinakTuka peuvamsy 306a nicns pesekuii 306a 3 eyTupeoiaHum ctaHoM yHKLT LUMTOBUAHOI 3a103u, 3amicHa
0 M Tepanis npw rinoTMpeosi pisHoi eTionorii, cynpecueHa Ta 3aMmicHa Tepanis paky LMTOBUAHOI 31031, FOSI0OBHUM YMHOM Micns TMpeoiaekToMmii - ans fo3 50 mkr, 75 mkr,

100 mkr, 125 mkr, 150 MKr; JOMOMiXHWIA 3aci6 A1 TMPeOoCTaTUYHOI Tepanii rinepTupPeoay NicNs AOCSrHEHHS eyTUPEOiAHOro GYHKLIOHANLH Oro CTaHy - Ans 403 50 Mmkr,
75 mkr, 100 MKr; sIK AlarHOCTUYHWIA 3acib Npu NpoBefeHHI TecTy TupeoinHoi cynpecii - ans o3 100 mkr ta 150 mkr. MpoTunokasanus. MigsuweHa YyTamMBICTb A0
ByAb-FKOro KOMNOHEHTA Npenapary; HeikoBaHUi rinepTnpeoa Gyab-sKOro NOXOAXKEHHS; HeikoBaHa HeOCTaTHICTb KOPU HAJIHVPKOBYIX 3a5103; HeslikoBaHa rinodisap-

Ha HEIOCTATHICTb; FOCTPMIA IHDAPKT MIOKapAa; FOCTPWIA MIOKapaWT; FOCTPUIA NaHKapAWT; OIHOYACHE 3aCTOCYBaHHS JIEBOTUPOKCUHY i By/Ab-IKOrO TUPEOCTATUYHOMO

o 3acoby B nepioa, BaritHoCTi. MoGivHi peakuii. [ly>Xe 4acTo i YacTo: NPUCKOPEHe cepLebuTTs, 6e3COoHHS, roNoBHUI Giflb, MNEpPTUPEOs, TaxikapAis, HEPBO3HICTbL. Cnoci6
P~ 3ac y Ta po3m. | i y no60By 003y nNpenapary BU3HavaT Ha NiacTasi pesynbTatis 1abopaTopHUx aHanisie Ta kniHivHoro o6ctexxeHHs. Tepanito cnig,
’ PO3MOYMHATH 3 HA3LKOI 03K | NOCTYNOBO 36ibLUYBATH (KOXHI 2-4 TUXHI) A0 HEOOXiAHOT TepanesTuYHoI 4o3u. MpuiiMati npenapar HaTLe, sk MiHiMym 3a 30 XBunnH

[0 CHIZaHKy, TabneTkn KOBTaTU LiMMK, 3anmnBaioyiy HEBENVKOIO KiNbKICTIO pianHu. Bupo6ruk. BEPJTIH-XEMI AT. Mninikep Ber 125, 12489 BepniH, HimeuuunHa.

1. IHCTPYKUis 41 MEAWYHOrO 3aCTOCyBaHHS Nikapcbkux 3acobie L-TMPOKCWH 50/100 BEPJIIH-XEMI, P N2 UA/8133/01/02 ta N2 8133/01/01. 2. IHCTpyKUjs ans
Me[NYHOro 3acTocyBaHHs nikapcbkoro 3acoby L-TUPOKCWUH 75 BEPJIIH-XEMI, PM N2 UA/8133/01/03. 3. IHCTPYKLis AN MEAUYHOIO 3aCTOCYBAHHS NikapCbKoro
3acoby L-TUPOKCUH 125 BEPJIIH-XEMI, PM N2 UA/8133/01/04. 4. IHCTPyKUIis ANS MEANYHOro 3acTOCyBaHHs nikapcbkoro 3acoby L-TUPOKCWUH 150 BEPJ1IH-XEMI,
PM N2 UA/8133/01/05. 5. MateHT €Bponeicbkoro nateHTHoro sBigomctea N2 EP3576795A1 Ha nepopanbHWil TUPEOIAHWIA TepaneBTUYHWIA 3acib, TepMiH Aii
no 02 niotoro 2038 poky. JocTynHuii 3a nocunaHHam: https://patents.google.com/patent/EP3576795A1/en. 6. onatok 24 no MopsiaKy NpoBEAEHHS eKCrnepTnan

peecTpauiitHnx maTepianis Ha Nikapcbki 3acobu, WO NoAATLCS Ha AePXaBHY PEECTPaLio (NepepeecTpaLiio), a TakoxX eKCnepTnan martepiasis Npo BHECEHHS 3MiH [0

peecTpauiitHnx MaTepianis NPOTArom Aii peecTpauinHoro Noceia4eHHs, 3aTeepaxeHuin Hakazom MO3 N2 426 Big 26.08.2005 3i amiHamu. LOCTYMNHWi 32 NOCUAAHHAM

https://zakon.rada.gov.ua/laws/show/z1069-05#n340. 7. Annex to the European Commission guideline on ‘Excipients in the labelling and package leaflet of medicinal
products for human use’ (SANTE-2017-11668). JocTynHuii 3a nocunanHsam: https://www.ema.europa.eu/en/annex-european-commission-guideline-excipients-
labelling-package-leafliet-medicinal-products-human-use
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¥ xypHani The Lancet Diabetes and Endocrinology
(2025) William C. Knowler Ta i10oro Kojiern noBiToMIn
MIPO Pe3yJbTaTh ITPUOIU3HO 2 1-pidHOTO CITIOCTepesKeHHSI 3a
IIporpamoro npodinaktuku niadety CIIA (DPP) ta mos’s-
3aHUM 3 HEIO MOJATBIITNUM JOCTIIKEHHIM — TOCTiIKEHHIM
pesynbtatiB DPP (DPPOS).

ABTOpPU BUSIBIJIY, IO YYaCTh Y TPYIIi OCi0 JIMIIe 3 KO-
PEKIIi€I0 CITOCO0Y XXUTTS ab0 B rpyIli 3 TPU3HAYEHHSIM MET-
¢dopMiHy IpuU3Beaa 10 JOBTOCTPOKOBOTO, CTiIKOTO 3HU-
JKeHHSI 3aXBOPIOBAHOCTI Ha LIYKPOBUIA aiabeT 2-ro TUITY
(LI12) mopiBHSIHO 3 rpymolo Iaue6o (KoedillieHT pusuKy
0,76 [95% 11 Bin 0,68 no 0,85], pizHuist moka3HukiB —1,59

| -0
| ==

Bunanky [95% J1 Big —2,25 no —0,93] na 100 moanHo-po-
KiB y Tpymi Kopexilii crmocoOy xwutts; ta 0,83 [Bix 0,74 no
0,93]i—1,17 [Bim —1,85 no —0,49] y rpyni metdopmiHy), a
TaKOX J10 30i7bILIEHHST TpUBAIOCTI KUTTs 6e3 LIJ12 (memi-
aHa 3aTPUMKM J1iarTHOCTUKU 3,5 pOKY B TPYITi BTpyYaHHS y
CIT0Ci0 XUTTS Ta 2,5 poKy Y TpyIli MeT(popMiHy MOPIiBHSIHO
3 TPYMoIo I1a11e00).

[ToninmeHHsT criocTepiraiucs y BCiX MiArpymnax maocii-
JIKYBaHOI ITOMYJIsILii, Xo4a epeKTr Oy BUPaKeHIIIIMMU
B MEBHUX CYOTOMYIISALisIX (HATPUKJIIAI, KOPEKIIisl CTUITIO
XKUTTS OyJia e(DeKTUBHIIIIOI CTOCOBHO 3HUKEHHSI PiBHSI
3axBoptoBaHocTi Ha LIJI2 cepen sroneii 3 BUILIMM TTOYATKO-
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BUM pPiBHEM IJTIOKO3H HATIIEe a00 IJIiIKOBAHOTO TeMOTJIO0IHY;
edexktn MeTOpMiHY OyJU OUIBIIMMU B OCIO MOJIOAIIOTO
BIiKY; KOpEeKIisI cIIoco0y XHUTTS IMpU3Beia 40 3pOCTaHHSI
yacy xkxutTs 6e3 LIJI2 y crapiux mogpeit). OTpuMaHi pe3yib-
TaTU BKa3ylOTh Ha Te, 1110 BTPYYaHHS Ha CTafil mpeniadeTy
MOXe MaTu JOBrOCTPOKOBUI eeKT, i JOTTOBHIOIOTH JI0Ka-
30By 6a3y CTOCOBHO CTiliKOTO TOJIIMIIIEHHS CTAHY 3I0POB’sl
3aBISIKU 30iMICHEHHIO TpodinakTuky LIJ12 yepes mecaTmmit-
TS TTICJIS yYaCTi B iHTEPBEHIIIMHUX JOCITiTIKEHHSIX.

3 orjsimy Ha BEJIMKY Ta 3pOCTaovy KiIbKiCTh JIOASH 3
pusukoM po3BuTKy LI/I2 B ycboMy CBiTi iCHye HarajabHa
norpebda B e(heKTMBHOMY BIPOBAIKEHHI Ta MOIIMPEHHI
nepeBipeHUX IporpaMm npodinakTuku miadety. OmHak,
MOMPHU 11eii hakT i MepeKOHINBI 10Ka3U KOPUCTi Mporpam
npodimakruku LIJ12 ns 3m0poB’st, Bee 1e iCHy€E KIiHiYHa
iHepLis 00 3aJlyYeHHSI JTIOACH 3 MpeaiadeToM 10 KOPEeKLil
CIIOCO0Y XUTTS 3 METOI0 IpodinakTuku xBopoou. Kpim
TOT0, BUKOPUCTAHHSI MeT(OPMiHY IIJIs1 KOPEKIlii AUCTITiKeMil
no3a Mexamu JikyBaHHs 11/12 HemocTaTHE.

HeoOxigHe riuOie Ta mOBHille pO3YMiHHS ITePEIIKO/I
Ta YAHHMUKIB, SIKi CIIPUSIOTh BIPOBAIXKEHHIO TPOrpam Mpo-
dinaktrky L2, BKIIOYHO 3i 3MiHAMM CIIOCOOY KUTTS Ta
¢apMalleBTUMHUMM TperapaTtaMu, sIK-0T MeT(OpMiH i HO-
Billli MpenapaTy Ha KILITAJAT arOHICTIB PeLeNTOopPiB ITII0Karo-
HOITOAIOHOTO MenTumy-1.

Biranns unrayam 3 mucy Hopakan — KpaiiHboi miBHIiYHOT
TOYKH KOHTHHEHTAJIbHOT €BPOIH, OJHOTO 3 YHIKAJIbHX KyTOY-
KiB HAImoi mianeru!

ABTomoOineM o 'manceka, maii 3 TOOIMHM JTiTAKOM
no TpomMmce, 11e JTiTaKOM MiClLIeBUX aBiajliHili 4O MicTeyka
XOHHIHTCBOT i MOMyTHUM TpaHcropToMm 10 Hopkany, 11106
nictatvcs 10 71-1 upoTu, Ae 3yCTPiyaroThCsl XOJIOIHI BOAU
AtmantraHoro Ta [liBHiuHOTO JIFOMOBUTOTO OKEaHIB, a pi3-
HOKOJIbOPOBi XMapu HibU 3’€THaHi 3 MOPCHKOIO OE30/1HEIO.
1 Buiinwuio!

Baxxko omnucaTtu 1ieif HEeUMOBIpHUWIA 3aMOJISIPHUN CBIT,
Kpacy ¥ Mariio IMiBHiYHOI IIpUPOIU, KPUCTAILHO YUCTOTO
MODSI, BUPYIOUMX BOAOCIIAiB, BEIMYHUX CKEJIb, IPEBHIX

JT0mOBUKIB. Lli MicIIsT 3MiHIOIOTh YSIBJICHHS JIIODUHU IIPO
MpUpOIyY Ta i1 Kpacy. Y JbOAOBUKAX, TOpax i Bogocnagax
BiIUyBa€eThCs BeIMYHA HeNpruOOpKaHa CUJIa, siKa X CTBO-
puia, a ¢iopau, MoJsspHe COHIIE i Oe3Kpai TipChKi CXMIN
HAMOBHIOIOTH AYIIIY CIIOKOEM i TapMoHi€lo. TyT moBiTps
MPOCSKHYTE 0COOIMBOI0 aTMOc(hepolo APEBHIX car, 1yXoM
BiKiHTiB i JlereHIaMu IIpo TPOJIiB, a Yyac IUIMHE 32 CBOIMU
3aKOHAMU.

Jlopororo A0 MUCY HOPBEXIIi CIIOPYAMUIN TiTaHTChKUIA
miaBoaHui TyHe b rnouHoio 200 meTpiB. Cam Muc mo3Ha-
YEHMI CTUTI30BaHOIO 3¢eMHOIO KyJieto 3 MeTaiy. Ha ormsino-
BOMY MaiiJaHYMKY BCTAHOBJIEHO MaKeT 3eMHOI KyJli — CUM-
BOJI €HAHHS BCiX KpaiH i HapoxmiB. Lle cripaBai kpaii cBity,
BeJIMYEe3Ha CKeJlsd, aJlKe OfHA 3 LiIKaBUHOK MUCY TOJISITAE Y
TOMY, 11O 3eMJIsl TYT OyKBaJIbHO 3aKiHUYEThCS Ta 0OpUBa-
eTbes 3 BUcotu 307 MeTpiB npsimo y Mope. CBOIO Ha3By MUC
otpumMaB y 1553 poui min yac [liBHiYHOrO TOX0OMYy aHTIiN-
cbKoro MoperaBig Pivapmga Yenciepa.

Hopgerist — kpaiHa nj1s cripaBXXHiX pOMaHTUKIB, SIKUM
He MOTPiOHI IMIIaHi TUISLKI Ta TOITYJISIPHI TYPUCTUYHI PO3-
Baru. OmHak 1sl KpaiHa IOPiYHO MPUBAOIIOE MiIbAOHU
CMparjux 10 Kpacu JIIoJei, CIOIU BapTo iXaTu 3a yMUPO-
TBOPEHHSIM, BHYTPIillIHBOIO TAPMOHI€I0 Ta BMiHHSIM IliHY-
BaTU Ti MIPUPOAHI cKapOu, IKUMU TaK IIEAPO OITUTHCS 3
HaMU TIJIaHeTa.

KoaHa Mpist He 3ilICHIOETBCST 03 3yCUJib, Mpisl — 11
[MonsipHa 3ipka, sika 3aBXXAW BKa3ye HAIPSIMOK pyXy, ajie
SIK 10 Hel JicTaThcsl — BUPIlllyBaTH TiIbku camomy. HoBa
KpaiHa — 1I¢ HOBi BpaxKeHHsI, HOBi €eMOIlii, HOBi 3HaHH!,
HOBA YaCTMHKA B Ta3J1i pO3yMiHHS HAIIOl TUTAHETH, PO3Yy-
MiHHS cebe.

Baxato Bam, LLIAHOBHI YnTaui, XKUTU TaK, Wo6 Mpii,
XaK HaBiTb HAMHEMMOBIpPHiLLli, 060B’A3KOBO 3[iMACHI0-
Banucs. Tpeb6a nuiue 3axoTiTu, 3pyMHyBaTU CTEpPeO-
T™MNN i 3po6UTN.

onoBHWI pepgakTop, npoghecop
Bonogumup IBaHoBndY lNaHbkie W
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Genomics of Type 1 Diabetes
in Ukraine Initiative

Abstract. Type 1 diabetes (T1D) is a complex autoimmune disorder with a strong genetic component. While ge-
nome-wide association studies have identified over 90 loci associated with T1D, the contribution of rare, coding,
and population-specific variants remains poorly explored. A new international collaborative effort, based in Ukraine
in partnership with Uzhhorod National University and coordinated with Oakland University, was launched to enrol
20,000 individuals (10,000 clinically confirmed T1D cases and 10,000 ethnically/geographically matched controls)
from Ukraine and neighbouring Poland, generate high-coverage whole-exome sequences (WES) and genome-wide
genotypes, and create an open, GDPR-compliant data resource. Genomics of Type 1 Diabetes in Ukraine initiative
established a nationwide network of endocrinologists linked to a —80 °C biobank and REDCap phenotyping platform
at Uzhhorod National University (Uzhhorod, Ukraine). Peripheral-blood DNA is extracted locally; WES (lllumina No-
vaSeq X, Twist capture) and array genotyping are performed at the Regeneron Genetics Center (NY, USA), with joint
calling and quality control on the HPC cluster (Oakland University, MI, USA). Despite wartime logistical constraints,
more than 12,000 volunteer participants were recruited across Ukraine, and high-quality exome and genotype
data were generated for 10,000 samples for a case-control genome-wide association study. Association testing is
underway to confirm the known and identify several new Eastern-European-specific coding variants; re-analysis of
exomes also enabled molecular re-diagnosis of monogenic diabetes in multiple families. A de-identified web portal
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(genes.uzhnu.edu.ua) and mirror deposition in the European Nucleotide Archive provide tiered access to raw and
summary data. Pilot long-read HLA sequencing, stool metagenomics, and whole-blood RNA-seq are underway to
extend the resource and enable future collaborations. The project has demonstrated the feasibility of large-scale
genomics in a resource-constrained setting impacted by the ongoing war and delivers the first substantial T1D variant
catalogue from Eastern Europe and will scale to 20,000 participants and multi-omics integration, is poised to refine ge-
netic risk prediction, illuminate novel disease pathways, and strengthen precision-medicine infrastructure in the region.
Keywords: type 1 diabetes mellitus; whole exome sequencing; whole genome genotyping; association tests;

genome-wide association studies; Ukraine

Introduction

Type 1 diabetes (T1D) is caused by autoimmune destruc-
tion of pancreatic beta cells, leading to an absolute insulin
deficiency and lifelong dependence on exogenous insulin
[2]. Although it accounts for only 5—10 % of all diabetes
cases, the incidence of T1D is increasing globally by ap-
proximately 3 % per year with pronounced geographic and
ethnic variation [13]. In the United States alone, the number
of individuals affected by T1D is projected to triple by 2050
[10]. In Europe, T1D incidence is increasing as well, with
rates doubling from 1994 to 2022 [20]. This upward trend
is observed across most European countries, with Northern
Europe (e.g., Finland, Sweden) exhibiting the highest inci-
dence rates. In the eastern part of Europe, there has been a
gradual annual increase in the prevalence and incidence of
diabetes mellitus, including T1D, over the past two decades
(2002—2021). However, specific incidence rates for T1D for
countries like Ukraine and Poland are less well-documented,
highlighting the need for comprehensive studies [4, 12].

The overall heritability of T1D is estimated at approxi-
mately 50 %, with about half of this genetic risk attributed to
the HLA region [17]. Significant advances have been made
through affected sib-pair (ASP) and case-control studies, fol-
lowed by genome-wide association studies (GWAS), which
have identified over 90 loci contributing to the risk of T1D,
mostly common non-coding variants with modest effects [3].
GWAS has traditionally focused on common single-nucleotide
polymorphisms (SNPs). Expanded studies using whole-exome
sequencing (WES) or whole-genome sequencing (WGS)
alongside GWAS approaches can reveal rare or structural
variants not captured by SNP arrays [11]. More GWAS can
uncover additional loci, especially those with smaller effects
or rare variants, which collectively contribute significantly to
disease risk. New GWAS, especially when coupled with func-
tional genomic data (e.g., transcriptomics, epigenomics), can
help identify causative genes and functional pathways, moving
from statistical associations to biological mechanisms. Finally,
most of the studies have predominantly involved populations
with predominantly Western European ancestries, limiting the
generalizability of these findings across diverse [18]. Expan-
ding GWAS to include geographically underrepresented po-
pulations and integrating them with multi-omics approaches
is essential for capturing the full spectrum of genetic risk and
advancing precision medicine in type 1 diabetes.

Central and Eastern Europe has been poorly represented
by the genome-wide studies, due to the economic and po-
litical factors [16]. However, regional genetic structure and
historical demography may influence disease susceptibility
and variant frequencies differently than in Western popu-
lations and provide new clues to the discovery of common

risk and protective alleles that may exist at lower frequencies
elsewhere [5, 8]. This was the main justification for a collabo-
rative project between the researchers at Uzhhorod National
University (Ukraine) and Oakland University (USA), sup-
ported by funding from The Leona M. and Harry B. Helms-
ley Charitable Trust, to initiate a large-scale genome-wide
association (GWAS) study to evaluate heritable causes of
T1D in the residents of Ukraine.

To support this effort, the Genomics of T1D in Ukraine
Consortium was established to coordinate the ethical and
technical aspects of this study, including collection, sto-
rage, extraction, whole-exome sequencing, and bioinfor-
matic analysis of the samples. Now in its second phase, the
project has already gathered over 11,500 samples and se-
quenced 10,000 exomes from patients and healthy volunteers
in Ukraine, employing a network across the entire country
(Fig. 1). The ongoing phase will expand the cohort to 20,000
participants across Ukraine and Poland and establish a global
open-access data platform for the research community. Cur-
rently, this is the largest T1D study in Europe and among the
largest in the world [7, 21, 22].

Project description

Ukraine is uniquely positioned to contribute to global
T1D research. Despite a low national incidence of T1D
(0.5—1 million/year), also, despite the war, the country
maintains a robust, digital insulin registry that supports effi-
cient patient identification and follow-up. Genetic diversity
across the region including Ukrainian, Polish, Belarusian,
Romanian, Hungarian, German, Roma, Russian, Greek,
and Crimean Tartar offers a rich substrate for the discovery
of novel, population-specific risk alleles [15, 16]. To capture
this diversity, during Phase I of the project, an extensive
collaborative network of scientists and physicians was estab-
lished across Ukraine, with collection centres in nearly every
government-controlled administrative region (Fig. 1).

A Memorandum of Understanding (MOU) between
Oakland University (OU) and Uzhhorod National Universi-
ty (UzhNU) ensured collaboration without additional finan-
cial obligations. Additional MOUs have been signed between
each of the participating institutions and clinics and OU. The
study was conducted with approval from Institutional Review
Boards (IRBs) at both institutions. Each participant under-
went a standardized screening process, including informed
consent for data sharing and future studies. Physicians col-
lected medical and family histories, and clinical visits inclu-
ded residual C-peptide testing to improve T1D classification.

All participants attended a screening visit during which
the study aims were explained and written informed con-
sent was obtained in accordance with the EU General Data
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Figure 1. Distribution of the major collection centres participating in the Genomics of T1D in Ukraine Consortium

Protection Regulation (GDPR) [19] and the NIH Geno-
mic Data Sharing Policy, with consent documents regis-
tered at the NIH [14]. The protocol, including permission
for re-contact, indefinite banking of an immortalised lym-
phoblastoid cell line, and worldwide open-access release
of de-identified genomic and limited phenotypic data, was
approved by the Institutional Review Boards of UzhNU and
Oakland University. Medical and family-history variables
were captured electronically with the REDCap platform [9].
Participants (or parents/guardians for minors) then donated
peripheral blood for sequencing or genotyping; only sex,
minimal questionnaire fields, and broad ethnic/geographic
origin accompany the data released to public repositories.

Inclusion criteria for the T1D cohort require a clinically
confirmed diagnosis — ideally supported by autoantibody
positivity and/or low C-peptide — early disease onset, and
rapid progression to insulin dependence. Controls are fre-
quency-matched by age, sex, ethnicity, and region. Detailed
phenotyping captures demographics (age, sex, ancestry, re-
sidence, education), lifestyle factors (smoking, alcohol, diet,
exercise), personal and family medical history, and compre-
hensive clinical data on T1D (date of diagnosis, duration,
C-peptide, antibody profile, insulin regimen, pump use)
and its complications (retinopathy, neuropathy, ketoacido-
sis, hypoglycaemia). Laboratory values (HbAlc, creatinine,
eGFR), anthropometrics (BMI, waist/hip ratio), physio-
logical traits (eye and hair colour), and socioeconomic or
psychosocial variables (wartime displacement, stress expo-
sure, family structure) enable nuanced genotype-phenotype
analyses for Eastern Europe.

All specimens are processed and stored under ethi-
cal oversight in a secure biobank at UzhNU, equipped
with —80 °C freezers, backup power, and an IT-based

sample-tracking system; whole blood and extracted DNA
are retained for future collaborations in genomic and bio-
marker research. Samples were processed at a specialized
molecular genetics laboratory at UzhINU, where personnel
were trained in DNA extraction and quantification. Exome
sequencing and genome-wide genotyping were conducted at
Regeneron Genetics Center (RGC) in the U.S. Despite lo-
gistical challenges due to the war, at this time, approximately
12,000 participants have already volunteered to be enrolled in
the study, exceeding original expectations.

A project webpage linked to an open-access genomic data-
base, “Genomics of T1D in Ukraine” (genes.uzhnu.edu.ua),
was developed by UzhINU. This webpage is updated weekly,
can be used to track the progress of the study. At the com-
pletion of the study, the raw data and exome sequences will
be deposited in the European Nucleotide Archive (ENA)
so that other researchers can use this data for the benefit of
T1D research worldwide. These open resources will facilitate
broader collaboration and potentially accelerate discoveries
that improve T1D prevention and treatment strategies.

The major and formative step of the project “A com-
prehensive study of T1D exomes in Ukraine” is the estab-
lishment of the Genomics of T1D in Ukraine Consortium,
a nationwide network of endocrinologists and molecular
scientists who are sharing data and resources to achieve the
goal of the project. Specifically, currently, as many as 21
collection centres in 18 regions engage 85 medical and re-
search personnel across the country (Fig. 1). As a result,
the Consortium is now represented in all regions of Ukraine
currently free of occupation. Recently, more than 40 par-
ticipating researchers and clinicians gathered in attendance
at the first T1D Ukraine Consortium Retreat (May 7—9,
2025, Zakopane, Poland). This meeting also established a
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future international collaboration between Ukrainian and
Polish participants of the initiative (Fig. 2). The full list of
the Consortium participants can be accessed at the webpage
(http://www.oleksyk.com/t1d-ukraine/).

Project goals

Genomics of T1D in Ukraine project has three major
aims: 1) to uncover rare functional coding variants that
modulate T1D susceptibility and complications, particu-
larly within immune and pancreatic pathways; 2) to create
an open-access genomic-phenotypic database to advance
global T1D research; and 3) to build sustainable bioban-
king, computing, and data-sharing infrastructure in Eastern
Europe to support future studies. The project is structured to
achieve five major research and capacity-building goals that
have been implemented in two consecutive phases (I and II).
While the project aims described above are set, the outcomes
have been adjusted as the plans have been implemented in the
real situation on the ground. Below is the description of the
expected outcomes.

1. Cohort recruitment and collection

of the phenotypic information

The initiative organized a large-scale recruitment and
integrated data collection, building a nationwide network of
endocrinologists and molecular scientists linked to a cen-
tralized laboratory at UzhNU (Fig. 1). At its conclusion
(projected in 2027), the study will enrol 20,000 participants:
10,000 clinically confirmed T1D patients and 10,000 eth-
nically and geographically matched controls from Ukraine
(and neighbouring Poland) under a protocol approved by all
participating IRBs. Leveraging Ukraine’s centralized registry,
a network of endocrinologists, and general practitioners who
already treat more than 48,000 insulin-dependent patients,
the project has already forged a nationwide network dedi-
cated not only to recruitment but to advancing genomics,
endocrinology, and precision-medicine research in the re-

gion. In the ongoing study, all the information on the parti-
cipants is deidentified and stored in accordance with the EU
General Data Protection Regulation (GDPR) [19] and the
NIH Genomic Data Sharing Policy, with consent documents
registered at the NIH [14].

2. Biobanking

This project will establish a major regional, ethically
approved and governed biobank repository to anchor the
precision medicine research collaborations. All blood speci-
mens are processed in a newly outfitted molecular gene-
tics laboratory at UzhNU, where local personnel have been
trained in high-throughput DNA extraction, quantification,
and digital tracking. Aliquots of whole blood and purified
DNA are secured in a —80 °C biobank with backup power
and an IT-based inventory system. This richly annotated,
open-access resource should strengthen Ukraine’s research
infrastructure and pave the way for future international col-
laborations in genomics and biomarker discovery.

3. Whole exome and whole genome sequencing

and analysis

The major aim of the study is to identify novel functional/
causal gene variants for type 1 diabetes (T1D) using a large-
scale exome sequencing of 10,000 T1D individuals from
Ukraine: patients from the national T1D diabetic registry,
and 10,000 matched controls. In addition, the project will
establish local genome sequencing capacity. All DNA ex-
tractions are carried out at the UzhNU lab, and the aliquoted
DNA is stored in the local biobank. By the completion of
Phase II of the project, a long-read sequencing lab should
be established and personnel fully trained locally. In Phase 1,
the whole-exome sequencing had been carried out at the Re-
generon Genetics Center on an Illumina NovaSeq X platform
with Twist capture, which delivers highly uniform coverage
suitable for clinical-grade exome sequencing on Illumina
instruments [23]. This is complemented by genome-wide

Figure 2. Participants of the Genomics of Type 1 Diabetes initiative during the project conference
in Zakopane, Poland (May 7-9, 2025)
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genotyping to cover non-exome regions, aiming for > 90 %
of targeted bases at > 20x depth [1]. Resulting CRAMs,
gVCFs, and joint VCFs are processed through Regeneron’s
validated pipeline and transferred to Oakland University’s
Matilda HPC cluster for secure storage and analysis. Phe-
notypic data have been merged with the genomic dataset for
genotype-phenotype studies using burden tests. After the
analysis, the sample information is stored locally in Ukraine
and securely according to the EU GDPR rules [19]. By the
completion of Phase II of the project, the entire pipeline of
bioinformatic analysis should take place at UzhNU.

4. Pilot multi-omics studies

The T1D consortium is looking forward to developing
new directions that can define the next steps in genomics
of diabetes research in Ukraine. To complement the exome
data, a series of exploratory pilot projects will be launched
using biospecimens from a subset of 100 participants (50
T1D patients and 50 controls). All these projects will be
accomplished in Ukraine using the newly established long
read sequencing facility in UzhNU.

— High-resolution HLA typing via long-read sequencing.
Utilizing platforms such as Oxford Nanopore or PacBio,
this study will characterize full-length HLA haplotypes to
uncover rare or structural variants not captured by short-read
sequencing. This will enhance understanding of immunoge-
netic risk beyond classical HLA-DR/DQ alleles.

— Stool microbiome profiling. Stool samples from the
same cohort will undergo 16S rRNA gene sequencing and/or
metagenomic profiling to assess microbial composition and
its interaction with host genotype and T1D status.

— Whole blood transcriptomics (RNA-seq). Total RNA
from the pilot participants will be sequenced to explore ex-
pression signatures associated with T1D and its immune or
inflammatory processes.

5. Development of an open-access data resource

The project will generate a comprehensive, de-identified
data portal that integrates genomic and clinical data for the
20,000-participant cohort. Designed with secure access pro-
tocols and GDPR compliance, the platform will enable re-
searchers worldwide to conduct secondary analyses, download
variant call files, and explore gene-based association results.

Rationale for a regional focus

The study will establish a GDPR-compliant, de-identi-
fied data portal containing joint-called exomes, genome-wide
genotypes, and harmonised REDCap phenotypes for the full
20,000-participant cohort. Researchers will be able to access
CRAM, gVCEF, joint VCF, and array files — along with quali-
ty metrics and pre-computed association statistics — through
a web interface or programmatic API; summary statistics
will be publicly available, whereas individual-level data will
require a data-use agreement approved by the Oakland Uni-
versity and PU Institutional Review Boards , according to the
Genomic Data-Sharing Policy [19] and the NIH Genomic
Data Sharing Policy, with consent documents registered at
the NIH [14]. A mirror copy will be deposited in the Euro-
pean Nucleotide Archive for interoperability and long-term
preservation, and additional layers such as long-read HLA

haplotypes, microbiome profiles, and RNA-seq expression
matrices will be incorporated as they are generated [6, 9].

Preliminary results

Genetic diversity across the region including Ukrainian,
Polish, Russian, and Central European lineages offers a rich sub-
strate for discovery of novel, population-specific risk alleles [9].

Genomic studies to date have underrepresented these po-
pulations, leaving important variation uncharacterized [9, 10].
By controlling for both geographic and ancestral background,
this project minimizes confounding and enhances power to
detect rare or structural variants with large effect sizes [11].

Expected contributions

Phase I of the Genomics of T1D in Ukraine initiative con-
clusively demonstrated the feasibility of large-scale recruitment
and integrated data collection, building a nationwide network of
endocrinologists and molecular scientists linked to a centrali-
zed laboratory at UzhNU. More than 11,000 participants were
enrolled, their specimens banked in a newly established —80 °C
facility, with REDCap-driven pipelines capturing harmonized
clinical data and C-peptide results that sharpened diabetes sub-
type classification. Exome sequencing and genome-wide geno-
typing of 2,667 T1D cases and 4,529 geographically matched
controls yielded the first large Eastern-European variant data-
set, confirming HLA-DQA1 and HLA-G associations, un-
covering region-specific risk alleles, and enabling molecular
re-diagnosis of monogenic diabetes in several families. Tech-
nical capacity was strengthened through local training in DNA
extraction and QC, and an open web portal with ENA deposi-
tion ensures immediate global access to the genomic resource.
Collectively, these achievements establish robust infrastructure
and scientific momentum for Phase 1I, which will scale the
cohort to 20,000 individuals and integrate multi-omics analyses
to probe T1D pathogenesis more deeply.

Phase I was conducted amid the ongoing conflict in
Ukraine, which disrupted clinical recruitment, transport,
and laboratory workflows; contingency plans were therefore
instituted to preserve specimen integrity and data flow. There
were several logistical challenges. Recurrent power outa-
ges prompted installation of backup generators for —80 °C
freezers and critical equipment, while border restrictions
complicated the import of reagents and export of samples.
One commercial sequencing provider failed to meet quality
expectations, necessitating a switch to alternative vendors
and adjustment of the project timeline, and inflation-dri-
ven increases in travel and reagent costs required budgetary
reallocations. Nevertheless, local backup sites and interna-
tional collaborations maintained operational continuity, and
large-scale biobanking and genotyping proceeded on sche-
dule, thereby validating the feasibility of genomic research
in a resource-constrained, conflict setting and laying a solid
foundation for the expanded Phase 11, which will incorporate
locally performed epigenomic and metagenomic sequencing
using the long read sequencing facility at UzhNU.

This project is designed to generate broad and lasting
impact in several domains:

— genomic discovery. Identification of rare, functional
coding variants influencing T1D and its complications, par-
ticularly in immune-related and pancreatic pathways.
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— resource generation. The creation of an open-access
genomic and phenotypic database will support global re-
search on T1D and related traits.

— infrastructure building. Establishment of sustainable
biobanking, computing, and data-sharing infrastructure in
Eastern Europe for ongoing and future studies.

Conclusions

This study establishes a comprehensive, ethically go-
verned exome and genotype resource for T1D in Eastern
Europe — currently > 12,000 participants with > 10,000 com-
plete genomic datasets — and couples it to robust biobanking,
data-capture, and analytical infrastructure at Uzhhorod Na-
tional University. Early findings replicate classic HLLA asso-
ciations, reveal region-specific coding variants, and demon-
strate the clinical utility of re-classifying monogenic forms
of diabetes. The project has also strengthened local capacity
through training in high-throughput molecular methods,
installation of secure —80 °C storage and backup power, and
development of a GDPR-compliant, open-access data portal
mirrored in the European Nucleotide Archive. These achieve-
ments validate the feasibility of genomics research under war-
time conditions and position the consortium to complete
Phase II — expanding to 20,000 participants, incorporating
long-read, microbiome, and transcriptomic layers, and there-
by accelerating discovery and personalized-medicine applica-
tions for autoimmune diabetes worldwide.

This large-scale, multi-institutional sequencing effort
combines advanced genomic technology, high-quality clinical
data, and a strategic focus on an underrepresented population.
Through exome sequencing, multi-omic integration, and in-
ternational collaboration, the project promises to illuminate
novel pathways in T1D pathogenesis and contribute to the
future of personalized medicine in autoimmune disease.
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IHiuiaTnBa «[eHoMiKa aAiabety 1-ro Tuny B YKpAiHi»

Pestome. Llykposuii niaber 1-ro tuny (LI 1) — e ckinanHe aBTo-
iMyHHE 3aXBOPIOBaHHS 3 CWJIBHUM T€HETUIYHUM KOMITOHEHTOM.
Xoya 3a J0IMOMOTO0 TOBHOI€HOMHOTO TOIIYKY acollialliii BUsiB-
JieHo oinbire 90 nokyciB, moB’si3anux i3 LIJ11, BHeCOK pinKicHUX,
KONYIOUMX Ta MOIMyJsLUiiHO-crienudiyHUX BapiaHTiB 3ajuIla-
€TBhCSI HEOCTAaTHBO BUBYEHUM. Po3mouaTo HOBUIT MiXKHapo/I-
HUI TIPOEKT, 10 pealli3yeThCsI B YKpaiHi B MapTHEPCTBI 3 YKTo-
POACHKUM HaIliOHAJIbHUM YHIBEPCUTETOM Ta KOOPIMHYETHCS
OKJIEHAChKUM yHiBepcUTeTOM, s 3anydeHHs 20 000 mromeii
(10 000 mauienTiB i3 kaiHivHO minTBepmkeHum L1 Ta 10 000
eTHiYHO/reorpadiuHo 3icTaBIOBAaHUX 0Ci0 KOHTPOJIBHOI TPYITN)
3 YKpainu Ta cycinHpoi [lombii, ¢opMyBaHHS TOBHOEK30MHUX
nocaigoBHocTeit (WES) Ta mOBHOre HOMHMX T€HOTHIIIB i3 BUCO-
KUM OXOTUIEHHSIM, a TaKOX CTBOPEHHSI BiIIKPUTOTO pecypcy, 110
BiImoBigae 3araIbHOMY peTJaMeHTY PO 3aXUCT JaHUX. 3aBISTKU
iHiniaTuBi «['eHOMiKa miabeTy 1-ro Tumy B YKpaiHi» CTBOPEHO
3araJlbHOHAIliOHAJIbLHY MePeXy €HIOKPUHOJOTIB i3 MiIKII0UYeHHSIM
1o 6i06aHKy 3 TemriepaTtypoto 36epiranHs —80 °C Ta rutatopmm
denorunyBanHsg REDCap Ha 6a3i YKropoachbKoro HallioHaJIbHO-
ro yHiBepcurety. Buninenns JIHK i3 mepudepuaHoi KpoBi 3mitic-
HioeTbes JokanbHO; WES (Illumina NovaSeq X, Twist capture)
Ta TEHOTUITYBaHHSI MacHBiB MIPOBOAATHCS B LleHTpi reHeTuKM
Regeneron (Heio-Mopk, CIIIA), 3 06’eTHAHNM aHATi30M i KOHT-
pojeM sikocTi Ha kiactepi HPC (Oxknenacekuii yHiBepcurtet, Mi-
yuraH, CLIIA). He3Baxatwouu Ha JIOTICTUYHI 0OMEKeHHSI BOEHHOTO

yacy, I1o Bciii YKpaiHi 6yso 3aimydeHo moHaa 12 000 1o6poBoIblIiB,
i st 10 000 3pa3kiB OTpMMaHO BUCOKOSIKICHI TaHi €eK3OMHOTO
CEeKBEHYBaHHsI Ta TEHOTUITYBaHHSI JIJIsl TOBHOT€HOMHOTO TOIIYKY
acollialliii TuIy «BUIag0K — KOHTPOJIb». TpUBa€ TeCTyBaHHS aco-
Lianii 1ist miATBepIKeHHS BiTOMUX Ta ifeHTUdiKalii HOBUX Bapi-
AHTIB KOJIyBaHHsI, XapakTepHUX 1st CXigHoi €BpOMu; MOBTOPHUI
aHaJIi3 eK30MiB TAKOX JI03BOJIUB IlI¢ pa3 MPOBECTU MOJIEKYJISIPHY
JiarTHOCTUKY MOHOT€HHOTO MiabeTy B KiJbKOX ciM’sx. Jlemepco-
HicdikoBaHmii Be6-mtopTai (genes.uzhnu.edu.ua) Ta n3epKajibHe
NIETTOHYBaHHSI B €BpoIieiicbkoMy HYKJIEOTUIHOMY apXiBi 3a0e3-
MeYyIOTh OaraTOpiBHEBUI JOCTYII 1O HEOOPOOJIECHUX i 3BeIeHMX
naHux. TpuBaloTh MmiJIoTHI nocaimkeHHs: 3 HLA-cekBeHyBaHHS 3
TIOBI'MM «YUTaHHSIM», MeTareHoMiku kainy Ta PHK-cexkBeHyBaHHS
LiJTbHOT KPOBi [UISI PO3LIKMPEHHS pecypey Ta 3a0e3rneueHHsT Maii-
OYTHBOI criBIIpami. IHiliaTBa MMPOAEMOHCTPYBaIa MOXINBICTDh
MacIITaOHOI FTeHOMiKM B yMOBaxX 0OMEXEHUX pecypciB Mid yac
BillHU — CTBOpPEHO MepIIMii 3HaUyIIMii KaTtajgor Bapiantis LI 1
y Cxigniit €Bpori. [1poexT Oyne maciirtabosaHo 1o 20 000 yyac-
HUKIB i3 3a0e3Me4eHHSIM MYJIbTHOMHOI iHTerpailii, 1o 103BOJINTh
YAOCKOHAJIMTH IMPOTHO3YBAHHS TEHETUYHOTO PU3UKY, BUCBITIUTU
HOBI LIJISIXM PO3BUTKY 3aXBOPIOBaHb Ta 3MIIITHUTH iHDPACTPYKTYPY
MPELM3iitHOT METULIMHU B PETiOHi.

KiouoBi ciioBa: nykposuii niaber 1-ro TuIly; IOBHOEK30MHE
CEKBEHYBaHHsI; TOBHOTEHOMHE T€HOTUITYBaHHSI; aCOLIIaTHBHI TeC-
TH; TOBHOTEHOMHMI TIOIIYK acollialliii; YkpaiHa
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Mo3koBumn HenpoTpodiyHum GaKkTop —
IHHOBALIMHUN TePAnNeBTUYHUN BEKTOP
Y AiIKYBOHHI TQ NPOPIAAKTULI
PO3BUTKY KAPAIOABHOT OBTOHOMHOI
Heuponartii

Pe3rome. AkTyanbHicTb. HaBiTe Npy BUKOPUCTaHHI CyHacHUX TepaneBTUYHUX MigX0AIB nvLie He3Ha4yHa
YacTuHa nauyieHTiB i3 Luykposum giabetom (L4L) 2-ro tuny fgocsrae eqheKTMBHOro MetabosiivHOro KOHTPOSIO.
AKTyaslbHICTb pob0TH 3YMOBJIEHA 3POCTal040r0 MOTPEOOI0 NepcoHichikoBaHOro BefeHHs nauvieHTis i3 U/ 2-ro
TUMy A5 3anobiraHHs po3BUTKY I MPorpecyBaHHIO KapgiaibHoi aBToHOMHoOI HeviponaTii (KAH). MeTa: ouyinntu
BB METOpMIHy, ipbecapTaHy Ta anbga-sinoesoi kucnotu (A-JIK) Ha piBeHb MO3KOBOIro HeMpOTPOQIYHOro
hakTopa Ta kapgianbHy Hevponarito B nayieHTis i3 L 2-ro tuny. Marepiann ta metoau. O6¢cTexeHo 60 ocib
BikoMm rioHa 40 pokiB 3 BepugpikoBaHuM giarHo3om L 2-ro tvny, ski Bigrnosigann Kputepiam JOCHIOXEeHHS |
6ynu posnogineHi Ha Tpu rpynu: rpyna 1 (n = 20) otpumyBana MoHoTepanito metgpopmiHom (Metagopa-SR, AT
«KuniBcbkuii BiTaMiHHWV 3aBog») y A060BIV 403i 2000 mr; rpyni 2 (n = 20) npu3Ha4eHo KoM6iHOBaHe NiKyBaHHS
meThopmiHom (Metagpopa-SR, AT «KuiBcbkuii BiTamiHHWA 3aBog») 2000 mr/goby Ta ipbecaptaHom (lpbetaH,
AT «KuniBcbkuii BitTamiHHui 3aBof») 300 mr/goby; rpyna 3 (n = 20) oTpumyBana B kombiHauii meTgopmiH (Me-
Tagopa-SR, AT «Kuiscbkuii BiTamiHHWY 3aBof») 2000 Mr/oby, ipbecaptaH (IpbetaH, AT «KuiBcbkuii BiTamiH-
HWi 3aBof») 300 mr/go6y ta A-JIK (Anbgpa-ninoH, AT «KniBcbkuii BiTaMiHHWY 3aBog») y A060Bivi 4o3i 600 mr.
3rigHo 3 an3ariHoM HayKoBOIro AOC/IOXXEeHHS BCIM nauyieHTam Ha no4atky i Yepes 3 micsyi Tepanii nposegeHo
OLiHKY OCHOBHUWX a@HTPOMOMETPUYHNX AaHNX, KOMI/IEKC 11abopaTopHuX 0O6CTEXEHb (rNikoBaHWvi reMorno6iH
(HbA,C), pieHb BDNF) i KNiHiKO-IHCTpyMEHTasbHy BiarHOCTUKY Ha HasBHICTb KapaiaibHOi aBTOHOMHOI HEVpo-
narii. Peaynbratn. 3a pe3ynbtatamMmu perpeciviHoro aHanisy BUsB/IEHO HEraTuBHU 38'A30K Mix piBHem BDNF i
HasiBHicTio KAH 3i 3Ha4eHHaMm B = 2,46 (95% [AI: Big —3,80 go —1,12), p = 0,001; Brnnaus Biky (B = 0,05; 95% [l:
0,01-1,10; p = 0,017) i TpuBanocTi LY 2-ro tuny (B = 0,09; 95% [AI: 0,03—-0,15; p = 0,002) Ha po3suTtok KAH.
icns npoBeneHHs NiKyBaHHS B yCiX TPbOX rpynax cTatTucTnydHo 3Haqynumo nigsuiymscs piseHb BDNF (p < 0,05).
Arne 3HMKeHHs nposiBiB KAH 3a 3arasibHow KifbKIiCTIO 6asliB BUSABJIAOCH y APYrivi | TpeTivi rpynax. Y TperTiv
rpyni 3HaqyLye nokpaLymance Asi npobu, a came Banbcanbsn i 30/15 (p < 0,05), 140 roBOpUTE PO MNOINLLEH-
HA cTaHy napacumnatn4Hol HepBoBoi cuctemu. BucHoBku. Husbkuvi piseHb BDNF — paHHivi giarHocTu4Hui
MapKep ypaxxeHHs1 BeretatnsHoi HepBoBoi cuctemu, 3okpema KAH, y nayientis i3 UL 2-ro tuny. NigTBepaxeHo
eeKTUBHE MOTEHUit0BaHHS HEVPOINPOTEKTOPHUX BIACTUBOCTEWN Py O4HOYaCHOMY 3aCTOCYyBaHHI METGHOPMIHY,
ipbecaprary ta A-JIK.

Knro4oBi cnoBa: uykposuii giabet 2-ro tury; KapaiasabHa Hevponaris; MO3KOBUI HeNpOTPOMIYHWI haKTop;
MeTOPMIH; ipbecapTaH; anbgha-ninoesa KMcioTa
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He3Baxarouu Ha cydyacHi Iali€eHT-Opi€HTOBaHi Tepa-
MEeBTUYHI CTpaTerii, e(peKTUBHOro MeTaboJIiYHOTrO KOHTPO-
o ripu LI1 2-ro Ty nocsrae Juiie ooMexkeHa KiTbKiCThb
oci6. XponiuHi ycknagHeHHs LI, 3okpema Heliponaris,
iCTOTHO 3HMXKYIOTb SIKiCTb XUTTS TalieHTiB. HaykoBii Ta
KJIIHIIMCTY MPOIOBXYIOTh IOIIYK TepaneBTUYHUX PillleHb
IJIS TIOJIIIIIeHHST TIPOTHO3Y I orrTuMi3arii tikyBaHHs L.
3 omIsily Ha CydacHi JaHi CTUMYJISILIiSI CeKpellii HelipoTpo-
GbiuHNX (PaKTOPIiB PO3TISAIAETHCS SIK OOUH 3 TIePCIEKTUB-
HUX HaTpsMiB MOJIMIIEHHS MeTabOJiYHOTO KOHTPOJIIO i
3abe3rnedyeHHs HelipornpoTekilii. CiMeiicTBo HelipoTpodi-
HiB, 10 BKiIoyae pakrop pocty HepBiB (NGF), mo3ko-
Buii HeitpoTpodiunuii pakrop (BDNF), HeitpoTpodin-3
(NT-3) i neiiporpodin-4/5 (NT-4/5), 3abeszneuye Tpo-
¢ivyHy MiATPUMKY HEUPOHIB, CIIPUSIIOYU 1X BUXKMBAHHIO,
PO3BUTKY Ta CTiHKOCTI o momkomxeHs [1]. Heitporpo-
(iHM TTPOIYKYIOThCS MEPEBAXKHO B LIEHTPAIbHiil HEPBOBIii
cucteMi (LIHC), omHak 3Ha4yHa iX KiJIbKiCTb YTBOPIOEThCS
B niepudepuynux TkanuHax [2]. BDNF mepeBaxHo 1oka-
JII3y€EThCS B TiMOTAJIaMyCi, JIiIMOIUHINi cucTeMi Ta iHIIKX i~
JITHKaX MO3KY, 30KpeMa B siIpax rirokamiia [2, 3], a Takox
€KCITPECYEThCSI B CKEJIETHUX M s13aX, CHAOTETiallbHUX KJTi-
TUHAX, MeYiHIIi, )KMPOBili TKAHWHI i1 aKTUBOBAHUX IMyHHUX
kiituHax. BDNF BuzHavaeTbcs i B cMpoBarlii, i B 1j1a3mi
kpoBi. [lepudepuunuit BDNF 36epiraeTbcst B TpoMOOIIM-
Tax, 110 MiATBEPIKEeHO HIU3KOI0 HocimKkeHb [3—5]. BDNF
BIUIMBA€E Ha HEMPOHU Yepe3 CBOI peLieNTOPU: pelenTop p75
HelipoTpodiHiB (p75NTR) i Tupo3unHKiHa3zHuii peuenrop B
(TrkB). 3pinuit BDNF nepeBaxHo aktuye perienitop TrkB
[3], cTuMyniol0uM pereHepallilo HEpBIB i BilmoBigawouu 3a
PO3BUTOK, TJIACTUYHICTD i MATPUMKY (DYHKIIili HEpBOBOI
cucremu. Okpim BruBy Ha TKanuHu LIHC, BDNF Binirpae
BaXXJIMBY POJIb Y PETYIISAILii €HepreTUYHOTO TOMEOoCTasy B
moauHM [3], 30KpeMa B MeTaboJIi3Mi TJTI0K03U, iHCYTiHOpe-
3UCTEHTHOCTI I MiATpUMIIL pocTy B-KIiTHH migIuIyHKOBO1
3anmos3u [3, 6]. PiBenb BDNF 3HUXXy€eThbCsI TIpH aTepOCKITe-
pO3i, TOCTPOMY KOPOHAPHOMY CHUHIPOMi i MeTabOIiYHO-
My cuHapowmi [7, 8]. Kpim toro, 3minenuii piseHb BDNF
ACOLIIOETHCS 3 MiABUILIEHUM alleTUTOM, OXUpPiHHSM, LI
2-TO TUIIY, IETIPECi€l0, a TaKOXK XBopodamMu AJbLreiiMepa
ta [NapkiHcoHa [9—11]. ¥ mMeTaaHasi3i, IK1ii OXOTUTIOBaB
2734 nauienTis i3 L1 i 6004 0ci6 KOHTPOJILHOI rpyIu, 6yjI0
BcTaHOBJIeHO, 110 piBHI BDNF y cuposBarii kpoBi 0ynn
3HAYHO HMXYMMU B 0ci6 i3 LIJI 2-ro Tumy, a Takox mpu
noegHanHi LI/ 3 mempecieto Ta LI/] 3 miabeTnuHOIO peTH-
HoIaTi€lo. ABTOpU MPUMYCKaIOTh, 1110 3HUKEHUI pPiBeHb
BDNF moxxe HeraTMBHO BIUTMBAaTH HA METa00J1i3M [JTIOKO3M1
Ta CIOPUSITU MpOrpecyBaHHIO ycKiaaaHeHb LIJ1. AHanoriuyHi
pe3yabTaTU OTPUMMAHO B iHIIOMY AOCJIIKEHHI, Y SIKOMY
koHueHtpauisgs BDNF y mauienTis i3 LI 2-To Tumy Oyna
HIZKYOI0, HIXX Y 3M0pOBUX 0Ci0. Binbiiie Toro, BCTaHOBJIEHO,
mo piBeHb BDNF y 40J10BiKiB € HIKUMM, HiX y XiHOK. Y
XKiHOK i3 LIJI 2-ro Tumny KoHueHtpalis BDNF nosutusHo
KOpeJoBaja 3 piBHEM iMyHOPEaKTUBHOTIO iHCYIiHy Ta iH-
nekcoM iHcyniHopesucteHTHocTi (HOMA-IR). Haykosii
TaKOX BCTAHOBUJIM, 110 B XKiHOK UMM JOBIIA TpuBaIicTh LIJ1,
2-ro Turty, TuM Hk4uuit piseHb BDNF [12]. TopiBHsIHO 3
KOHTPOJIbHOIO I'PYIIOIO TMAIliEHTH 3 YIIeplle NiarHoCToBa-
HuM LI/ 2-ro Timy Manay 3Ha4HO BUIII ITOKA3HUKHU iHIEKCY

MacH Tijla, piBHIi INIiKeMil HaTIIe, TJIiIKOBAHOTO TeMOIJIO0iHy
i 3Hauno Hmxyi piBHi BDNF i SLC2A1 [13]. oBeneHo,
mo iHgy3iss BDNF 3Hmxye anerur i macy Tina [14], mo
MO€E MaTy MO3UTUBHMI BILJIMB Ha Iepeoir 3aXBOpIOBaHHS
B Mali€HTIB 3 oxkupiHHAM i LIJ] 2-ro Tumy. ToMy BILIUB Ha
BDNF po3srisimaerbest K iepcreKTuBHA TepaneBTUYHa Mi-
LIeHb [UIst JTikyBaHHs1. OMHMM i3 mpernapaTiB, 110 TO3UTUBHO
BrinBae Ha piBeHb BDNF, € merdopmin. VY manieHTiB 3
ynepiie BusieieHuM LIJ1 2-ro tuny micast 3 micsiiB Jiky-
BaHHS MeT(OPMiHOM BiI3HAYaI0Cs CTATUCTUYHO 3HAUYIIIE
MOJIMNIIeHHs QYHKIIIT mamM’sTi i BAKOHABUMX 3MiOHOCTEH,
3MEHILIEHHSI CUMIITOMIB Tepu@epruyHoi HeliponarTii, a Ta-
kox migBumeHHs ekcrpecii BDNF i SLC2AL1 [13]. Cy-
JIMHHI KOTHITUBHI MTOPYLLEHHS € IPYTUM 3a NOLUMPEHICTIO
TUIIOM OEMEHIIII ITiCIsT XBOopoOu AJbLreiiMepa, Ipu 1IbO-
MY TillepTeH3isl € BaXJIUBUM (aKTOpOM ii po3BUTKY. Ip-
OecapraH — IIe capTaH TPMUBAJIOI Aii 3 0araToo0iLsTIOUNMU
AHTUTITIEPTEeH3MBHUMHU BJIACTUBOCTSIMU. B ekcriepumeH-
TaJIbHOMY JOCJIiI>)KeHHI BUBYEHO BILJIMB ipbecapTaHy Ha
KOTHITUBHI MOPYIIEHHSI, BUKJIMKaHI TiIlepTeH3i€10 B IIypiB
ninii Bictap-Kioro (WKY) i crioHTaHHO TinepTeH3UBHUX
mrypiB (SHR): mepopanbpHo BBommuIu (izionoriqHuii po3dnH
abo ipbecapraH y 103i 20 Mr/Kr/mo0y rnpotsiroM 14 nHiB 1o-
CITiJb. Yke i3 7-i Ta 14-1 100U eKCIIeprMeHTY MOKPAIIIOCS
po3Ii3HaBaHHSI 00’ €KTiB, 3MEHIIIEHHS Yacy B LIJIbOBOMY
KBaJpaHTi B TeCTi BomHOro jJadbipuHTy Moppica, 1110 0yj10
IIOMITHO BigHOBJIeHO ipbecapTtaHoM. Kpim Toro, ipbecapran
IMOMITHO BiTHOBUB 3HUXXEHHS aKTUBHOCTI CyNepOKCU/I-
IUCMYyTa3!, MiABUIIEHHS PiBHS MaJIOHOBOTO HiajbIerimy,
301JIbILIEHHS] aKTUBHOCTI LIMKJIiH3aJIEXKHO1 KiHa3u-5 1 Mmia-
BuiieHHs piBH BDNF [15]. Ille omHuM nipenapaToMm, sSIKUit
MoKasaB MO3UTUBHUI BIUMB Ha piBeHb BDNF, € anbda-i-
noesa kucjota (A-JIK). Tak, y gocmimkeHHi Ha MUIIax ix
TOTePeHbO JIiIKyBa gancoHoM (40 Mr/Kr), a micis JiKy-
BaHHs1 A-JIK (25 Mr/Kr) BOHM MpOMIILIM aHali3 Ha OKCHU-
NaTUBHUI CTpeC, aHTUOKCUJAHTHY 3[aTHICTh, EKCIPECito
IIMTOKIHIB i MiKporjiiajJbHy/acTpOLIUTAPHY aKTUBHICTb.
byno BusineHo, mo A-JIK 3matHa 3MeHIIyBaTy HeraTUBHi
edexTn nancoHy, 30KpemMa 3HUXKYBaTH aKTUBALLiI0 MiKPOTJIil
Ta aCTPOLIMTIB i piBeHb Mpo3arnajJbHUX HUTOKIHIB, a TAKOX
migBuinyBaTtu ekcrpecito BDNF. Oxpim toro, A-JIK mo-
Kpalllye aHTUOKCUIAHTHUI 3aXUCT i 3HUKYE OKCUIATUBHE
MOLIKO/KEHHS, CIPUYMHEHE HAKOITMUEHHSIM 3aji3a [16].
Tomy A-JIK BBaXXa€eThCst IEPCIIEKTUBHOIO TEPATIeBTUYHOIO
aJIbTepPHATUBOIO /151 JTiIKYBaHHS 3aXBOPIOBaHb, MTOB’I3aHUX
3 OKCUIATUBHUM CTPECOM i HEMpo3arnaJleHHSIM.

AKTyaJIbHICTh pOOOTH 3yMOBJIEHA 3pOCTAaHHSIM MOTPeOU
B IIEpCOHAIi30BaHOMY ITiIXOMIi 10 BeAeHHs HalieHTiB i3 LIJI
2-ro TUITY JJISl 3a1I00iraHHsI pO3BUTKY i MPOTrpecyBaHHIO
KapaiaabHoi aBToHOMHOI Heriponartii (KAH).

MeTa I0CIiIKEeHHS: OLIIHUTU BIUIMB MeT(GOpMiHY, ipOe-
capTaHy Ta aJib(a-JIiMnoeBOi KUCIOTH Ha PiBeHb MO3KOBOTO
HelipoTpodiuHoro ¢axkropa i KapaiaJbHy aBTOHOMHY Heli-
pomarito B nauieHTiB i3 LI] 2-ro Tumy.

Martepiaau Ta meToAmn

HayxkoBa po06ota npoBoauiacs Ha KJIiHiuHil 0a3i Bimmi-
JIy IiarHOCTUKY i JIIKyBaHHSI METa0OJIIYHUX 3aXBOPIOBaHb
Jep>KaBHOI HayKoBoi ycTaHOBU «LleHTp iHHOBaLiiiHUX Me-
mnaHuX TexHosoriit HAH Ykpainm».
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Kputepii BKItoueHHS B JOCTIIKEHHSI: 0COOU BiKOM IT0-
Haz 40 pokiB 3 BepudikoBaHuM giarHo3om LI 2-ro tumy
i1 piBHeM rikoBaHoro remorno6iny (HbA,C) mo 10 %, ski
Mmic/Is miAnucaHHs iHhOPMOBAHOI 3TO 3TiTHO 3 IM3aHOM
JOCIiIKEHHS TTPOXOAMIM KOMILIEKC KJIiHiKo-1abopaTop-
HO-IHCTpYMEHTaJIbHUX 00CcTexXeHb Ha HasiBHicTh KAH.

Kputepii BUKITIOUeHHST 3 TOCTiIXKEHHSI:

— TAILIEHTH 3 iHIIMMM TUIIaMU miadety, 3okpema LIJI
1-ro Tumy;

— BariTHICTb YM JaKTallis;

— HAasIBHICTb BCTAHOBJIEHOTO IITYYHOTO BOIisSI pUTMY;

— MUTOTJIMBA apUTMis;

— GibpunsLiss/TpinoTiHHA Tepeacepnb (uepe3 Bapia-
OeJIbHICTb JOMIEPiBChKUX MapaMeTpiB HaBaHTaXKEHHSI, 1110
YCKJIAIHIOE OLIHKY IMHAMIKHU JiaCTOMIYHOI (DYHKIIii);

— HEeBIIKJIAAHI CTaHU MPU CEPLIEBO-CYIMHHUX 3aXBO-
PIOBaHHSIX;

— TOCTpe MOPYIIeHHSI MO3KOBOTO KPOBOOOIrY;

— KOHCTPUKTUBHUM MepukapauT adbo 3HAYHUI mepu-
KapaiaJTbHUI BUTIIT;

— HHPKOBA HEIOCTATHICTh (IIBUAKICTh KITyOOYKOBOI
dinprparii < 30 mu/x8/1,73 M? 3a hopmyiioro CKD-EPI);

— MEeYiHKOBa HEJOCTAaTHICTb;

— HAasIBHICTb TSKKOI pETUHOMATII IMPU IMPOBEASHHI TeC-
Ty BanbcanbBu;

— TsbKKa aHeMist (reMorsio6iH < 90 r/i i reMaTOKpUT
<33%);

— TSDKKi MeTa0oIiuHi i TOpMOHAJIbHI MOPYILIEHHS;

— IapaHeoTUIaCTUYHUI CUHAPOM;

— TSDKKIi iH(eK1ii (MTHeBMOHisI, CETICUC);

— HasgBHICTbh MeTabOJIIYHOI Xipyprii B aHaMHe31;

— BiZIOMi OOMEXEHHSI UM TTPOTUTIOKA3aHHSI 10 BXKMBaH-
HsI JOCJIiI>KyBaHUX TIpernapaTiB.

OO0cTexXeHHS IIPOBOIIIIOCS BilMOBiAHO 10 HOpM ['enb-
CiHCBKOI IeKJ1apallii mpas JIOAUHU 1 3aKOHOIABCTBA YKpa-
iHu. 1o pocmimkeHHs Oyno BKtoueHo 60 mawieHTiB i3 L]
2-ro tumny: 31 4os10BiK i 29 XXiHOK. Yci mauieHTun O0yim paH-
JIIOMi30BaHi Ha TpU IPyIM AOCIimKeHH: 1o 20 ocib 3a1exkHOo
Bin mpusHaueHoi Tepamii. ['pyna 1 (n = 20) BkiTtovana mna-
LIEHTIB, SIKi paHille He OTPUMYBaIU METHOPMiH ab0 OTpH-
MYBaJIZ 1oro B MOHOTepallii; iM mpu3Hadaau MeThopMiH
(Metadopa-SR, AT «KuiBcbkuit BiTaMiHHUIT 3aBO/») Y
1031 2000 mr/mo06y. o rpynu 2 (n = 20) yBilIILIA NALIIEHTH
0e3 mornepeaHbOI TIMOTeH3UBHOI Tepartii, IKUM MpU3HaYaIn
KoMOiHOBaHe JlikyBaHHsI MeT¢opmiHOM (Metadopa-SR,
AT «KwuiBcbkuit BiTamiHHuM 3aBomn») 2000 mr/mo0y Ta ip-
6ecapraHoM (Ip6eran, AT «KuiBcbkuii BiTaMiHHUIT 3aBOJI»)
300 mr/mo0y. o rpynu 3 (n = 20) BKJIIOYEHO TNAIIEHTIB,
sKi He OTPUMYBAJM paHillle TiIMOTeH3UBHOI Teparrii, ajie

IIOJAaTKOBO 00 MeTdOopMiHy Ta ipbecapTaHy OTPUMYBaIA
A-JIK (Anbda-ninoH, AT «KuiBcbKUii BiTaMiHHUI 3aBOI» )
y 10o6oBiii 103i 600 mr. TpuBaicTh JiKyBaHHS CTaHOBUJIA
3 micsiii.

3rigHo 3 IM3aliHOM HAyKOBOI'O IOCIIMXKEHHS BCiM Ia-
LIiEHTaM Ha ITOYaTKYy i 4epe3 3 Micsli Tepariii IIpoBeaecHO
OLIIHKY OCHOBHUX aHTPOMOMETPUYHUX JAHUX, KOMILIEKC
J1a00paTOpHUX 00CTEXKEHbD (TIIKOBaHMI TeMOII00iH, piBeHb
BDNF) i KJ1iHiKO-iHCTpYMEHTAIbHOI 1iarHOCTUKU Ha HasiB-
HiCTb KapaiaJlbHOi aBTOHOMHOI HelpomarTii.

/I 2-ro Tuny miarHOCTMYHO MiATBEPAXYBaIu MpPU
BMmicTi HbA,C > 6,5 % i 3rigHo i3 3arnucaMu B MEAMYHIN
MIOKYMEHTALlii: IpUHAaMHIi 3 iHTepBaJIOM TMOHAJ IiB POKY
JIBa 3HAYEHHSI TJIIOKO3M KpOBi HaTiie > 7,0 MMoJib/J1, 260
PeTYJISIpHUI MPUIAOM IYKPO3HMKYBaJIbLHUX 3ac00iB, a00
BcTaHOBJIeHM I miarHo3 LI/ 2-ro tumy.

Jnst ouinku KAH BukopucToByBaiu 30J0TUM CTaH-
IapT — Oarapelo ITSITM KapaioBaraJbHUX TECTiB 32 METO-
nukoio D. Ewing. TecTu BUKOHYBaJIU MiJ yac KOPOTKO-
TPUBAJIOTO 3aIKCY €JIEKTPOKAPAiOrpaMu 3 BAUKOPUCTAHHSIM
esieKTpokapaiorpacdiyHoro obyiagHaHHS KoMmIiaHii «Heiipo-
codT1» i nporpamuoro 3abe3neyeHHs «[lomi-Crektp.NET»
3 migkmoyeHHIM Monyis «Iloii-Crekrp-PutmM.NET». Lig
MeTOoAMYKa BIAIOBiZa€E peKOMeHIallisiM cTaHaapTy «Bapi-
abeJIbHICTb PUTMY Ceplisi: CTaHIapT BUMiploBaHHS, (i3i-
OJIOTIYHOI iHTepHpeTallii Ta KJIiHiYHOTO BUKOPUCTAHHSI»,
MPUIHITOT0 €BPOIIEICHKOIO CIIIKOIO Kapmiooris i I1iB-
HiYHOAMEPUKAHCHKOIO CHIJIKOIO €IeKTPOCTUMYJISLII Ta
esekTpodiziosnorii B 1996 pori [17].

HiarHoctnky KAH BrKOHaHO BinmoBigHO 10 TOpoHT-
CbKHUX KPUTEPIiB 11 AiabeTUIYHOI aBTOHOMHOI Helipomna-
Tii ceplisl 3a HAsSIBHOCTI JIBOX i OijibIlIe TTATOJIOTIYHUX MPOO
[18, 20]. ¥ Tabun. 1 HaBeAeHO HOPMaJIbHIi i1 MATOJOTiYHI
3Ha4YeHHsI 1ux 1poo [ 19, 20]. Tlepiri Tpu mpodu OLiHIOIOTH
(yHK11i10 MapacuMITaTUYHOI HEPBOBOI CUCTEMM, HACTYIIHI
IIBi — cCMMIAaTUYHOI HEPBOBOI CUCTeMU, a TIpoda Banbcanb-
BM BinoOpaxae (pyHKIliOHaTbHE YpaXKeHHsI 000X HEPBOBUX
cucteM [20].

Buninenns 3aranbHoi PHK npoBoaunu 3 Bukopuc-
taHHsAM Hab6opy TRIzolTM Reagent (ThermoFisher
Scientific, CIIIA). Konuenrtpauito PHK Bu3znavammu 3a
noroMorot crnekrpodoromerpa NanoDrop ND1000
(NanoDrop Technologies Inc., CIIIA). 119 BUKOHAHHS
peaxilii 3BopoTHOI TpaHcKpwuIlii 3aranbHoi PHK Buko-
pucroByBanu TagMan® Reverse Transcription Kit (Applied
Biosystems, CIIIA). I[Tonimepa3Hy JTaHIIOTOBY peakIlito
(IIJIP) y peanbHOMY 4Yaci mpoBOAMJIM 3a JOIMOMOTOIO
amrutidikatopa 7500 Real Time PCR Systems (Applied
Biosystems, CIIIA) i pearenty Universal PCR Master Mix

Ta6nunys 1. OCHOBHI XapaKTepUCTUKU 3Ha4YeHb rnpob KAH

MapameTpu Hopma paHnyHe 3Ha4YeHHs ngzgﬂg:ll::e
Mpo6a 3 rMMboKMM ANXaHHAM >14 1,2-1,4 <12
Mpo6a 30/15 > 1,35 1,2-1,35 <1,2
Mpo6a Banscanssu >1,7 1,3-1,7 <13
OpTocTaTn4yHa npoba <11 11-25 > 25
Mpob6a 3 AMHaMoOMeTpPOM >15 10-15 <10
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Tabnuys 2. ba30Bi KNiHiYHI XapaKTepUCTUKN [OCTIAXYBaHNX NaUieHTIB i3 LyKpoBUM giabeToM 2-ro tuny

MapameTpun, oguHULI BUMipYy Fpyna 1 (n = 20) Fpyna 2 (n = 20) Fpyna 3 (n = 20)
Bik, poku 56,00 + 2,31 57,10 = 1,96 60,35 + 2,20
CraTtb (4onosiva/xiHo4a) 10/10 8/12 13/7
Tpueanicte L 2-ro tuny, pokn 2,21 = 0,53* 4,70 = 0,16* 11,45+ 1,84
IHoekc macu Tina, Kr/m? 33,96 + 1,91 34,69 + 1,67 31,50 + 1,20
HbA,C, % 7,78 0,24 7,63 +0,17 8,13+ 0,38
BDNF, Hr/mn 35,08 + 2,42* 31,35+ 1,92 27,27 £ 1,97

TMpumitkn: * — p < 0,05 nopiBHsIHO 3 rpynoro 3.

Ta6bnuys 3. lNopiBHsiNbHa xapakTepucTka nokasuukie KAH y xsopux Ha L[ 2-ro tuny

B TPbOX rpynax [o JiKyBaHHS

MapameTpu, oguHULi BUMipY Fpyna 1 (n = 20) Fpyna 2 (n = 20) Fpyna 3 (n = 20)
HasaBHicTb KapaianbHoi Herponarii, % 52,6 85,0 100,0
KAH, 3aransHuii 6an 4,84 + 0,41 6,20 + 0,30* 7,40 £0,21***
Mpo6a Banscanssu 2,98 + 0,36 1,88 + 0,20* 1,31 +0,10%**
Mpo6a 30/15 1,68 + 0,22 1,17 £ 0,11 1,14 £ 0,10*
Mpo6a 3 rMMboKMM ONXaHHAM 1,15+ 0,04 1,09 = 0,02 1,10 £ 0,03
OpTtoctatn4Ha npoba 2,36 + 2,48 0,25 + 1,86 3,50 + 2,56
Mpo6a 3 AMHaMOMeTpPOM 3,42 + 2,02 2,75+2,16 -1,25+ 3,34

TMpumitku: * — p < 0,05 nopiBHsiHO 3 rpynoto 1; ** — p < 0,05 NOpPIiBHAHO 3 rpymnoto 2.

(Applied Biosystems, CIIIA). 3a normoMororo rpaiiMepin
TagMan® Assays Bu3Hadau Kinbkicte MPHK rena, piBeHb
eKCIpecii JOCTiIKyBaJIM 1100 PiBHS eKcrpecii B-akTu-
HY, BiTHOCHIi piBHi BUpaxoByBaJM KiJIbKiCHO 3a JOIIOMO-
roto meroxay nenabra-Ct. [1ns [TJIP BukopucToByBasiu TaKi
TeMnepaTypHi pexumu: nas aktubauii JIHK-monimepasu
AmpliTag Gold — 50 °C npotsrom 2 XBUJIUH, IJIsSI ICPBUH-
Hoi meHarypariii — 95 °C 10 xB, s neHartypaitii — 60 °C
15 xB. 60 ceKyHI — aHEeJIiHT IIpaiiMepiB Ta eJIOHTAallisl, eTa-
nu noBroptoBavcs 40 1UKITiB.

CraTUCTUYHY OOpOOKY pPe3yabTaTiB JOCTiIKEHHS IIPO-
BOAMJIU 3a goromoroto nporpamu SPSS, Bepcist 25 nns
Windows. OnucoBy CTaTUCTUKY 3aCTOCOBAHO JIsI OTPU-
MaHHS neMorpadivyHux manux. JemorpadiuHi gaHi mo-
NlaHi K cepelHE 3HAaUYeHHs t cTaHAapTHa MoxuOKa 4yu
Bincotku. 3aranbpHy aiHiliHy Moaeiab (UNIANOVA) Bu-
KOPUCTOBYBAJIH /IS TTIOPiBHSHHS TTOKa3HUKIB rpyT. Takox
JUTIS1 TIOPiBHSIHHST TaHUX MiX I'pyraMyd BUKOPHCTOBYBAIU
T-kputepiit. PisHuls BBaxkanach CTAaTUCTUYHO 3HAUYIIIOKO
npu p < 0,05. JIyst BCTAaHOBJIEHHSI B3aEMO3B’SI3Ky BUKO-
PUCTOBYBaJIM aHaIi3 JiHIAHOI perpecii, TaHi HaBeICHO
SIK HeCTaHIapTU30BaHU TToKa3HUK (B) i 95% moBipuwit
intepBan mis1 B (95% 11).

PesyAbTaTH

Cepen o06cTexkeHMX HaMM 0Ci0 TalliEHTH rpynu 3 Maju
OLITBIITY TPUBATIICTh 3aXBOpIOBaHH: i HIKUMiA piBeHb BDNF,
TO/i SIK 32 iIHITMMM TTOKAa3HMKAMM 3HAUYYIIUX BiIMiHHOCTE
MiX TpyIiamMu He BUsIBJIeHO (Tab. 2).

o nixyBanHs yacrota KAH 6yna HaiiBumoro (100,0 %)
y rpyti 3, a B Tpy1ii 1, He3BaXkarouy Ha KOPOTIIY TPUBAJTICTh
11, KAH nmiartocroBaHo B 52,6 % mauieHTiB. AHaITi3 OKpe-
mux TecTiB Ha KAH mmokasaB 3HIMKeHHsI ITOKA3HUKIB Y IIPo0i

3 TJIMOOKUM JMXaHHSM Yy BCiX TPbOX Ipynax IOCiIKEHHS,
IO CBIYUTH MPO YpaxKeHHs MapacuMMaTUYHOI HEPBOBOI
cucTeMU. Y maiieHTiB rpynu 2 i 3 Takox OyJi0 BUSIBJIEGHO
3HIKEHHSI ITOKa3HUKiB MEHIIe Bil HOpMU B ITpodax Banb-
canbBu Ta 30/15, 1110 BKa3ye Ha TepeBakHE YpakeHHS Ma-
pPacUMIIaTUYHOTO BilIily aBTOHOMHOI HEPBOBOI CUCTEMU
(Tabm. 3).

3a pe3yibTaTaMu perpeciiiHoro aHajizy BUSIBJIEHO He-
raTuBHU 3B’s130K MixX piBHeM BDNF i nagsnictio KAH
3i 3HaueHHsIM B = —2,46 (95% A1: Bim —3,80 mo —1,12),
p = 0,001 (puc. 1).

YCcTaHOBIEHO CTaTUCTUYHO 3HAUYYIIUN BIJIMB BiKy
(B=10,05;95% J1:0,01—1,10; p=0,017) i rpuBanocri LIJ]
2-ro Tumy (B = 0,09; 95% M1I: 0,03—0,15; p = 0,002) Ha
po3BuToK KAH. BrijuB iHIMx 10CHiKyBaHUX TOKA3HUKIB
HE MiATBEPIKEHO.
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PucyHok 1. Bsaemo3sBs’ss30k mix piBHem BDNF i KAH
Y XBOpUX Ha LyKpOBUI JiabeT 2-ro Tuny Ao NiKyBaHHS
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Ta6nmys 4. PiBeHb 1abopaTopHUX NoKa3HUKIB [O Ta nicns nikyBaHHS B oci6 i3 U 2-ro tuny

. Ipyna 1 (n = 20) lpyna 2 (n = 20) F'pyna 3 (n = 20)
MapameTpu, oguHULI - - -
BUMIpPY o Micna Jo Micnsa ho Micnsa
NiKyBaHHA | NikyBaHHA | NiKyBaHHA | NiKyBaHHA | NiKyBaHHA | JiKyBaHHS
HbA,C, % 7,78+0,24 | 7,02+0,38 | 763+0,17 | 7,38+0,16 | 8,13+0,38 | 7,31 +0,26
BDNF, Hr/mn 35,08 + 2,42 | 45,51 + 3,02 | 31,35 + 1,92 (39,75 + 3,11*| 27,27 + 1,97 | 36,21 = 1,92*

lMpumitka: * — p < 0,05 NOPIBHSIHO 3 NOKa3HUKaMu A0 JliKyBaHHS.

Ta6nunys 5. lNMokasHuku KAH go ta nicns nikyBaHHs B nauieHTiB i3 U 2-ro tuny

. F'pyna 1 (n = 20) Fpyna 2 (n = 20) Fpyna 3 (n = 20)
MapameTpwu, oanHULI - - -
BUMIpPY o Micnsa o Micnsa o Micnsa
NiKyBaHHA | NiKyBaHHAl | JliKyBaHHA | NiKyBaHHA | JNiKyBaHHSl | JiKyBaHHS
HasBHicTb KapgjianbHoi
HeviponaTii, % 52,6 37,5 85,0 65,0 100,0 95,0
KAH, 3aranbHun 6an 4,84 + 0,41 4,37 +0,36 | 6,20+0,30 | 5,30 +0,28* | 7,40+ 0,21 | 6,30 + 0,26*
Mpo6a Banbcanseu 298+0,36 | 3,16+0,39 | 1,88+0,20 | 2,78+0,57 | 1,31 +0,10 | 2,01 + 0,30*
Mpo6a 30/15 168+0,22 | 1,85+0,25 | 1,17+0,11 | 1,50+0,17 | 1,14+0,10 | 1,54 £ 0,15*
Mpo6a 3 rmunéoknm guxanHam | 1,15+ 0,04 | 1,21 +0,06 | 1,09+0,02 | 1,10+0,02 | 1,10+0,03 | 1,16 + 0,04
OptocTatnyHa npoba 236+248 | 406+2,70 | 0,25+1,86 | 1,75+1,75 | 3,60+2,56 | 3,25 + 2,41
MNpo6a 3 guHamMoMeTpoMm 342+202 | 468+2,01 | 2,75+2,16 | 3,75+2,17 | -1,25+ 3,34 | -2,50 + 4,26

lMpumitka: * — p < 0,05 NOPIiBHSIHO 3 MOKa3HUKaMU [0 JliKyBaHHSI.

Ilicist TpuMicaIHOroO KypcCy JIiKyBaHHS BipOTigZHOIL pi3-
HUILI B IOJIMIIEHH] piBHS ITiKOBAaHOTO I'eMOII00iHY Bcepe-
IWHI Ipyn He BUSIBIeHO. BogHoyvac y BCiX TpbOX IpyIiax 0yio
3aikcoBaHO 3HauyIle niaBuieHHs piBHsI BDNF (Ta6i. 4),
1110, iIMOBIpHO, CIIPUSLIO 3MEHILIEHHIO YaCTOTU BUSIBICHHS
KAH (ta6u. 5).

V rpyI1ii namieHTiB, SKi OTpUMYBaJI MOHOTEpPAIlilo MET-
¢dopMiHOM, Big3HAUEHO 3MEHIIEHHS BUSIBJIEHOI YaCTOTH
KAH Ha 15 %, nipote pi3HUIIi B 3arajJbHOMY Oaii il mia-
rHocTuuHuX nokasHukax KAH He oyno. HatomicTs y rpymi
KOMOiHOBaHOI Tepartii MmeTcdhopMiHOM Ta ipbecapTaHOM 3a-
(dikcoBaHo He nuine 3HKeHHS yactot KAH Ha 20 %, ane
i1 cyTTeBe 3MeHIIIeHHs 3arajibHoro 6ana KAH. Y rpymi 3,
y SIKill 10 JIiKyBaJbHOIO KOMILJIEKCY OJHOYACHO TOoAaBal
MmeTdopmiH, ipdecaptaH i A-JIK, crioctepiranocs He e
3HWXKEHHSI 0aJTiB, ajie il BiporinHe MOJIIMIIeHHs TOKa3HUKiB
y mipo6ax 30/15 i BasbcanbBu, 110 CBiTYUTH MPO BiTHOB-
JIEHHsI OaJlaHCy MiX CUMIIaTUYHOIO Ta MapacuMIaTUIHOIO
HEpBOBUMM CUCTEMaMU.

O6roBopeHHs

OTtxe, dakTopamMu pu3uKy po3BuTtKy KAH € tpuBa-
JIICTh 3aXBOPIOBaHHSI, BiK maiieHTa i piBeHb BDNF, 1o
Y3TOKYETHCS 3 TAaHUMM iHIIMX JOCIIIKEeHb. 30KpeMa, OyJ10
BCTaHOBJICHO iCTOTHE 3HWXeHHs piBHsI BDNF y maitieHTiB
3 ynepuie BusBieHuM LIJ1 i HasgBHicTio KAH. BusBieno
3BOPOTHUI 3B’S1I30K MiX CyMapHOIO KiJIbKiCTIO OajliB 3a
m’siTbMa KapaioBaraJlbHUMU TECTaMU Ta piBHEM eKcCIpecil
rena BDNF: B (95% A1) —28,5 (—55,79/—1,21), p = 0,01
[21]. Hari pe3ynbraTi TaKOX IMiATBEPIKYIOTh AaHi iHILIMX
aBTOPIB 1100 BIUIMBY BiKy MalieHTiB i TpuBajocTi LI 2-ro
TUIly Ha pu3uK po3Butky KAH [9, 22]. Illo cTocyeTbest
BILUIMBY Teparlii Ha ctaH KAH, To B rpynmi maiieHTiB, sIKi
OTPHUMYBaJI MOHOTEpaIIiio MeT(OpMiHOM, OYJI0 BUSIBICHO

CTaTUCTUYHO 3Hauylle migBuineHHs piBHI BDNF i 3Hu-
KeHHs yactoTu BusiBiaeHHsI KAH Ha 15 %. Yrim, 1ie He
CYIIPOBOIKYBAJIOCS CYTTEBUMU 3MiHAMU iHIIIMX ITOKA3HUKIB
Heiiporarii. HeliponpoTeKTopHi Bl1acTUBOCTI MeThOPMiHY,
a TaKOXX MOro pereHepaTUBHUI ITOTEHIIiag OyJIM MPOAEMOH-
CTPOBaHi B eKCIepUMEHTAIIbHOMY nocimkeHHi [23]. Hari
pe3yJbTaTh TaKOX Y3TOIXKYIOThCS 3 MOMEPEIHIMU TaHUMU
mono migsuineHHs piBHa BDNF min BrumBom MeTdhopMiHy
B MauieHTIB 3 ynepuie aiarHoctropanuM LIJ1, mio cyrnposo-
IKyBaJ0Cs 3MEHIIEHHSIM IIPOSIBiB nepruepruIHOoi Heipo-
naTii Ta KOTHITUBHUX MOPYIIEHb, aJle B TOMY JOCIiIKeHHI
He ouiHioBaBcs BruiuB Ha KAH [13].

Haii6inbin BUupaxkeHi MO3UTUBHI 3MiHU OyJy BUSIBJICHI
B IMALi€EHTIB Tpynu 3, SKUM 0 JIiKyBaJIbHOIO KOMILIEKCY
ODHOYACHO momaBaiu MeTdopMiH, ipdbecapran Ta A-JIK.
Y 1MX XBOpUX CHOCTEPIraaocs He JIUIe 3HaYHE MiIBUIICH-
Hsa piBHs BDNF, ane ii BiporinHe 3HMXXEHHSI CyMapHOI'O
0ajia 3a pe3yJibTaTaMU KapAioBaraabHUX TECTIB, a TAKOX I10-
JIMIIEeHHS TapacuMNaTAUYHOI aKTUBHOCTI 3a pe3yJbTaTaMu
npo6 Banbcanbsu ta 30/15, He3Baxkaruu Ha OLIbII TpUBa-
JINA aHaMHe3 OCHOBHOTO 3axBOploBaHHs. K i 3a3Havanocs
panimie, ip6ecaptad Ta A-JIK MaioTh HeHpOIIPOTEKTOPHI
BJIACTUBOCTI, 30KpemMa uyepe3 akTuBallito ekcrpecii BDNF
[15, 16]. BogHo4yac Hale QOCITiIKEHHS IEMOHCTPYE, IO
KOMOiHOBaHe 3aCTOCyBaHHSI MeT(OPMiHY, ipbecapTaHy Ta
A-JIK noteH1ioe ixHill eekT, 3a0e3meuyoun OiIbll BU-
paxkeHy HEeMpOIIPOTEKTOPHY [Iit0, sIKa MPOSIBJISIETHCS 3MEH-
meHHsaM BupaxeHocTi KAH i minsuiiennsim pisHsg BDNF.

BucHoBkMU

BcTraHoBieHO BipoTimHUI 3BOPOTHUI (HETaTUBHMUI)
B3aEMO3B’SI30K MiX piBHeM HeilpoTpodiuyHoro (akropa
TOJIOBHOTO MO3KY i HasBHICTIO KapaiaabHOi aBTOHOMHO1L
Heitponartii. Huzbkuii piBenb BDNF — panniit giarHoctiy-
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HUII MapKep ypakeHHsI BEreTaTUBHOI HEPBOBOI CUCTEMU,
3okpema KAH, y natienriB i3 LIJI 2-ro Tumy.

Haii6inpin BupaxxeHuii HelpoIpOTeKTOPHUIA e(eKT, 1110
MPOSIBIISIETHCS BiporimHUM TTiaBuieHHSM piBHsT BDNF i
3MEHIIIEHHSIM BUpaxeHocTi nmposiBiB KAH, coctepirascst B
TpyMi Mali€HTIB, SIKi OTPUMYBAJIM TPUMICSIUHUI KYpC KOM-
GiHOBaHOI MeIMKaMEeHTO3HOI Tepartii: MeTdopmin (2000 mr/
no0y), ipbecaptan (300 Mr/mo6y) ta A-JIK (600 Mr/mo0y).
[TinTBepmkeHO eeKTUBHE MOTEHIIiIOBAHHST HEWPOTIPO-
TEKTOPHUX BJIACTUBOCTEN MPU OTHOYACHOMY 3aCTOCYBaHHI
MeTdopMminy, ipbecaptany Ta A-JIK.

KondurikT inTepeciB. ABTOpU 3asiBJISIIOTH PO BiICYTHICTb
KOHGIIKTY iHTepeciB i B1acHOI (hiHaHCOBOI 3al1iKaBJIEHOCTI
MpU IiATOTOBIIi JaHOI CTAaTTi.

Indopmauisa npo dinancysannsa. Pobora e ckinanosoro
yactuHoo H/IP «MexaHi3Mu po3BUTKY, pO3MOBCIOMKEHICTh
CYIMHHUX Ta HEBPOJIOTIYHMX YCKJIaHEHb Y MAIliEHTIB 3 11y-
KPOBMM JiabeToOM 2 TUITY Ta OCi0 3 OXKMPIHHSIM 3aJIe3KHO Bif
CTaHy KUIIKOBOI MiKpOOiOTH Ta HasIBHOCTI TillepaMOHieMil
B YMOBaXx BiiicbkoBoro ctany» (Ne 0123U103220).

Buecok aBtopiB. XKepapoa H.M. — koHuenmis i gu-
3aiiH MOCIIIKeHHSI, aHaJli3 JaHWX, CTATUCTUYHUIA aHai3,
HaIuCaHHS CTaTTi, peAaryBaHHs, KpUTUYHUIA OIS, OcTa-
TouHe 3aTBepakeHHs cratTi; Kocrinbka [.O. — migroroska
JIiTepaTypHUX JKepesl, Kopekilis Tekcty; Cremypa O.A. —
nposeaeHHs giarHoctuku KAH, migroroska niTepaTypHuX
mxepest; borocnaseupb B.B. — 30ip naHux, 3a0ip marepiany
IIJIs1 BUBHAUEHHSI J1aOOpaTOPHUX MOKa3HUKIB; Kaimuko-
Ba A.Jl. — 36ip maHux, 3a0ip MaTepiajy IJsl BU3HAUYCHHS
JTabopaTOPHUX MOKA3HUKIB, BHECEHHS IAHUX Y CUCTEMY JUISI
00pOOKYM CTATUCTUYHUX JIAHUX.
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Brain-derived neurotrophic factor — an innovative therapeutic vector in the treatment
and prevention of cardiac autonomic neuropathy

Abstract. Background. Even with modern therapeutic approaches,
only a small proportion of patients with type 2 diabetes mellitus
achieve effective metabolic control. The relevance of the work is
due to the growing need for personalized management of patients
with type 2 diabetes to prevent the development and progression of
cardiac autonomic neuropathy (CAN). The purpose was to evaluate
the effects of metformin, irbesartan, and alpha-lipoic acid (A-LA)
on brain-derived neurotrophic factor (BDNF) levels and CAN in
patients with type 2 diabetes. Materials and methods. Sixty people
over 40 years of age with a verified diagnosis of type 2 diabetes
mellitus who met the study criteria were examined and divided into
three groups: group 1 (n = 20) received metformin alone (Metafo-
ra-SR, Kyiv Vitamin Plant JSC) at a daily dose of 2,000 mg; group 2
(n = 20) was assigned to combined treatment with metformin
(Metafora-SR, Kyiv Vitamin Plant JSC) 2,000 mg/day and irbesar-
tan (Irbetan, Kyiv Vitamin Plant JSC) 300 mg/day; group 3 (n = 20)
received a combination of metformin (Metafora-SR, Kyiv Vitamin
Plant JSC) 2,000 mg/day, irbesartan (Irbetan, Kyiv Vitamin Plant
JSC) 300 mg/day and A-LA (Alfa-lipon, Kyiv Vitamin Plant JSC)
at a daily dose of 600 mg. According to the design of the scientific
study, all patients underwent an assessment of basic anthropometric

data, a set of laboratory examinations (glycated hemoglobin, BDNF
level), clinical and instrumental diagnosis for the presence of CAN
at the beginning and after 3 months of therapy. Results. The results
of the regression analysis revealed a negative relationship between
BDNF level and the presence of CAN with a value of B = —2.46
(95% confidence interval (CI): —3.80 to —1.12), p = 0.001; the
influence of age (B = 0.05; 95% CI: 0.01—1.10; p = 0.017) and du-
ration of type 2 diabetes (B = 0.09; 95% CI: 0.03—0.15; p = 0.002)
on the development of CAN. After treatment, BDNF increased
statistically significantly in all three groups (p < 0.05). However, a
decrease in the manifestations of CAN in terms of the total score
was observed in the second and third groups. In the third group, two
tests significantly improved, namely Valsalva and 30/15 (p < 0.05),
which indicates an improvement in the state of the parasympathetic
nervous system. Conclusions. Low BDNF level is an early diagnostic
marker of autonomic nervous system damage, particularly CAN in
patients with type 2 diabetes. Effective potentiation of neuroprotec-
tive properties with simultaneous use of metformin, irbesartan, and
A-LA has been confirmed.

Keywords: type 2 diabetes mellitus; cardiac neuropathy; brain-de-
rived neurotrophic factor; metformin; irbesartan; alpha-lipoic acid

Tom 21, N2 4, 2025

www.mif-ua.com, https://iej.zaslavsky.com.ua 23



[ ® . - q
D Eﬂ OpUriHOABbHI AOCAIAXKEHHS

Original Researches

International Journal of Endocrinology

VIIK 618.3-06:616.839:616.12-008.331.1:616.12-008.311:615.217-054.73]:355.01(477.83)
DOI: https://doi.org/10.22141/2224-0721.21.4.2025.1558

ManayumHcbeka M.,
/\bBIBCbK HALIIOHQABHU MEAMYHN YHIBEDCUTET iMeHIi AQHUAQ FamLbKkoro, M. /AbBiB, YKpQiHO
KHIT «\bBIBCbKI OBGAQCHMV KAIHIYH NEPMHATAABHUM LIEHTP», M. /\bBIB, YKpPQIiHQ

BereTatuBHO HEpPBOBO CUCTEMA
Y BATITHUX XKIHOK
B YMOBOX BOEHHOIO CTOHY:
BMNAUB BUMYLLEHOro nepeceAeHHs
TA cTpecy HAO PYHKLIOHYBOHHS
COBTOHOMHOI peryAsuii

Pestome. AkTyanbHicTb. [QuceyHKuis BereTatuBHoi HepBoBoi cuctemu (BHC) € Baxnnsum ¢hakTopom, Lo
Bu3Hayae rnepeobir BaritTHOCTI Ta 340P0OB’A XIiHKW. [JOCigXeHHs Lboro ¢hbeHOMeHy cepep BariTHUX XIHOK, sKi
3asHasnn BUMYLLEHOro rnepecesieHHs1 Yepe3 BOEHHI fii, HabyBae 0COOINBOI aKTyaslbHOCTI B yMOBax Cy4acHoi
BiviHu B YkpaiHi. MeToro Ljboro [ocrnigxeHHs 6ysio oyiHUTY BB BOEHHOIO CTPecy Ha (PyHKLUIOHYBaHHS Bereta-
TUBHOI HEPBOBOI CUCTEMM BariTHUX XIHOK, ki nepecennnce [o JIbBiBCbKOI 061acTi 3 pi3HUX PErioHiB YkpaiHu.
Martepianu Ta meroaun. Y gocnigxeHHi 6pamv y4acts 1000 BariTHUX XIHOK, SKi 6ysiv pO3roAINeHi Ha Tpu rpynu:
nepLua rpyna BKJtoHasia XiHOK, Lo repeixann 3 perioHiB akTMBHUX 60MOBUX [V, Apyra rpyna — XiHOK, Lo
nepeixanu 3 iHLMX PerioHiB YKpaiHu, He OXOmnneHux 60MoBUMU JissMu, | TPETS rpyrna 6yna KOHTPOsibHa — BariTHi,
o meLukanun B JIbBIBCbKIVi 0o61acTi 6€3 BUMYLLEHOro nepecesieHHs. BukopuctoByBanin MeToan aHKeTyBaHHS
3a LKasow BeretatusBHux cumntomis A.M. BeviHa A7 OUiHKM CUMMAaTUYHUX | napacumnaTuyHux rnposisis
ancpyHkyii BHC. Pe3ynbtatn. Pe3ynbtaty nokasaniu, Lo XiHKW, SKi BUMYLLEHO Nepecesininch 3 parioHis 60-
ioBUX givi, Manv HanbinbLu BupaxeHi nopyLueHHss BHC, 3okpema Ttaxikapgito, nigBuLeHn aptTepiasnbHui TUCK
Ta piBeHb ITliIKeMii, 3HVXKeHWI piBeHb caniBauil Ta cxyaHeHHs. [apacumnaTnyHi nopyLLueHHs TaKox 6y GislbLu
BUPaXXeHNMU B UNX XIHOK, 30KpemMa Bif3Ha4anack rinepemisi LLKipy Ta rinoTeH3is. BaritHi XiHKu, siKi 6y 3my-
LUEHI MOKMHY TN PErioHn akTUBHUX 6OVOBUX Lili, MatoThb HaVBULLMI PU3NK PO3BUTKY ANCYHKLII BereTtatuBHoi
HepBOBOI cucTeMu, LLO MPOABIIAETLCS MIABULLYEHO aKTUBHICTIO K CUMMATUYHOIro, Tak i napacumnaTn4Horo
Bigainis BHC. XiHkun, siKi nepeixanu 3 perioHis, Lo He 3a3Ham aKTUBHMUX 60MOBUX iV, TAKOX MaroTb O3HaKN
rnopyLueHb BereTatuBHOI perynsauii, xo4a BOHU MEHLL BUPaXEHI MOPIBHAHO 3 MEepLLOK0 rpyrnor. KOHTposibHa
rpyna BariTHUX XIiHOK, siKi npoxwsanu y JIbBoBi 6€3 BUMYLLEHOro rnepecesieHHs, Manaa HarHWX4i MoKasHuku
nopywweHb BHC, 1o cBig4nTb npo 3Ha4YHU BB CTPECy, NoB’a3aHoro 3 BiiHOK Ta 3MIHOK MiCUsi MPOXMBaH-
Hs. BucHoBKkm. BusisnieHi nopyLueHHss BHC 6e3rnocepeHb0 KOpPestoTh 3 PiIBHEM CTPECY Ta yMOBaMU XUTTS
BariTHUX, LYO MigKPEeCsItoe BaXMBICTb HaAaHHs KOMIJIEKCHOI MeAUYHOI Ta NCUXOsI0riYHOI JOMOMOru AJisi XIHOK,
SIKi 3a3Hann cTpecy Yeped BoeHHI fii. logasibLui JOCTIKEeHHS MOBUHHI OLiHUTY JOBrOCTPOKOBI HACgKN TaKux
ropyLUeHb AJ151 340POB’s1 XIHOK Ta iXHiX QiTen.
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Bctyn

BereraruBHa HepBoBa cuctema (BHC) Bigirpae kio-
YOBY POJIb Y peryisuii ¢i3ionoridyHux mpolueciB IIia yac
BariTHOCTI, 3a0e3Ieuyloun aganTallilo OpraHiamMy XiHKU
Io 3pocTtaryux norped miona [1—3]. OnHak auc@yHKIIis
BHC, 30kpema mopyliieHHsI aBTOHOMHOT peTyJisiiii cep-
1IEBO-CYAMHHOI CUCTEMU, MOXE CIPUUYUHUTU CEPHO3HI
YCKJIATHEHHS ITi 9ac BariTHOCTI [4—7]. OMHUM i3 BaXKJIUBUX
GdakTopiB Yy ILOMY IIPOLIECi € Ba30IIpeCH — HEMPOITeNTI I,
1110 Oepe yJacTh y peryJisiiil apTepialbHOrO TUCKY Ta Ceple-
BO-CYIMHHOTO KOHTpouto [§—10].

Ilin yac HopManbHOI BariTHOCTI CHOCTEpiraeTbcs
CHCTeMHa Ba3ouyaTallist, 3HWXKEeHHSI 3arajibHoOro repude-
PUYHOTO OIMOPY Ta KOMIIEHCATOPHE MMiJBULLIEHHS CEPLIEBOTO
Bukumy [11, 12]. OgHak mpu XpOHIYHIN TiepTeH3UBHIN
BaritHocTi (XI'B) 1i amanrauiiiHi MexaHi3M1 TOPYLIYIOTHCSI,
1110 TIPU3BOJUTH 10 PO3BUTKY YCKJIAJHEHb, SK-OT Mpee-
KJIaMIICisl, TIOPYIIEHHS TJIalleHTapHOTO KPOBOTIOCTaYaHHSI
Ta MiJBUILIEHUI PU3UK CEPLIEBO-CYINMHHUX 3aXBOPIOBAHb Y
MaiioytHeoMy [13]. BazonpecuH Bimirpa€ moaBiiiHy posb y
uux npouecax [14]. 3 oqHOro 60Ky, BiH KOHTPOJIIOE BOJI-
HO-COJIbOBUI OajlaHC Ta CYyIMHHUI TOHYC, a 3 iHIIIOTO —
€ HellpoMeaiaToOpoM Yy peryJsiiii BereTaTUBHUX LIEHTPiB
TOJIOBHOTO MO3KY, 110 BIJIUBAIOTh HAa CEPLIEBUIA PUTM Ta
OGapopedIeKTOpHY YyTAUBicTh [15—17]. ¥ HOpMaabHUX
yMOBaXx IIiJl Yac BariTHOCTiI KOHIIEHTpallisl BA30MPECUHY B
TU1a3Mi 3HUKYETBCS, 10 CITPUSIE 3HUKEHHIO apTepiaibHOTO
THCKY Ta MiITpuMaHHIO roMeocTtasdy. OgHak y xiHok 3 XI'B
BiI3HAYa€eThC IMiIBUILeHA ekcrpecis peuenTopiB V1aR Tta
V1bR y rinorajaMiyHuX LEHTpax, 10 MOXe CIIPUUMHUTH
HaaMipHe CUMITaTUYHE 30YIKeHHsI Ta rilnepTeH3UBHUIA CTaH
[18—20].

V cBiTi, 1€ BilicbKOBi KOH(IIKTU CTaIOTh BCE OiIbII MO-
IIUPEHUMHU, BIUIMB TICUXOEMOIIIMHOTO CTpecy Ha BariTHUX
Ta MopoiJib HAbyBae 0cOOJMBOro 3HaUeHHs1. Taka HaaMip-
Ha TICUXOJIOTiYHA Harpyra MoXxe MaTu Cepilo3Hi HacTiaKu
He TUIbKU JIJIsI MaTepi, ajie i 11 HOBOHAPOIXKEHOT AUTUHM.
Kinku, ki mepexuBaloTh BiiChKOBY arpeciio i yac Ba-
TITHOCTI, MOXYTb CTUKHYTHCS 3 0COOJIMBO BUCOKUM PiBHEM
cTpecy, 1110 MOXe MaTW 3HAaYHUI BIJIUB HA CTaH IXHbOTO
300poB’s Ta 3mopoB’s miteii [21]. [TomepenHi cmoctepe-
SKEHHSI CBiT4aTh IMPO BUCOKUIA PiBEHb CTPECY Ta MCUXIYHUX
npo0JeM cepell BariTHUX XKiHOK, 10 IepeOyBalIn y 30Hi
BO€EHHOI arpecii. Hanpukian, mociiakeHHs, TpoBeAcHI B
VYkpaiHi, mokazaju, 1110 TTOHA/ MTOJ0BMHA BariTHUX XKiHOK Y
30HI KOHQJIIKTY MalOTh O3HAKM MTOCTTPAaBMAaTUYHOTO CTpe-
COBOTO pO3JIafy Ta iHIIMX IMICUXiYHUX MpobJieM. BariTHiCTb,
TOJIOTH Ta TICSTOJIOTOBUIA TIepiol € KPUTUYHUMU 11010
3a0e3IMeYeHHs aeKBaTHOI MIATPUMKU Ta AOTJISITY TS Ki-
HOK, $IKi TIepeKUBalOTh BiliHY, 1110 € OCOOJIMBO BaxKJIMBUM
[22, 23].

Memoro 11bOTO AOCTIIXKEHHS OYJ0 OLIIHUTHU BILUIMB BO-
€HHOTO CTpecy Ha (PYHKIIIOHYBaHHS BeTeTaTUBHOI HEPBOBOI
CUCTEMM BaTiTHUX XiHOK, SIKi epeCeIUINCh 10 JIbBIBChKO1
00:1aCTi 3 pi3HUX perioHiB YKpaiHu.

MaTepiaAn Ta MeToAmn

Lle nocninkeHHs € MPOCIIEKTUBHUM, KOTOPTHUM i OyJ10
MpoOBeNeHe y 3aXiTHOMY perioHi YKpaiHu, 30kpema y JIbBiB-
CBbKilf 00J1acTi, sIka Oys1a oOpaHa SIK MOACILHUIA PETioH It

OLIIHKM BIUIMBY BOEHHOTO CTaHY Ha BEreTaTUBHY HEPBOBY
CHCTEMY BariTHUX XiHOK BHACJIIOK BUMYLIEHOI 3MiHU MicC-
115 TPOKMBAHHSI.

Ji1s1 3060py maHux OyJia po3pobiieHa Ta arpodoBaHa aH-
keTta «JlocaimkeHHs mepebiry BariTHOCTI, MOJIOTiB, CTaHy
TUTofla Ta HOBOHAPOMXKEHMX Y XiHOK B YMOBaX BOEHHOTO
cTaHy B YKpaiHi». JlocaimkeHHs TPOBOAMIIOCS BiAIIOBITHO
o npuHUMIIB ['ebciHChKOI meKiapaliii Ta Oy10 cXBaJleHe
JIOKAQJIbHUM €TMYHUM KOMITETOM. YCi YYaCHUIlI Hagaau
iH(opMOBaHy 3romy Ha Y4acTh Y TOCiIKEHHI.

Jo nocnimkenHs 6yio 3amydeHo 1000 BariTHUX XiHOK,
sIKi OyJIM pO3IOIieHi Ha TPU TPYIIN.

I'pyna 1 (n = 333): BariTHi XiHKHM, SIKi nepeixaniu 10
JIbBIBCBKOI 00J1aCTi 3 pailOHiB aKTUBHUX OOMOBUX Mild.

I'pyna 2 (n = 333): BariTHi XXiHKH, IKi JOOPOBLILHO IIe-
pecenunucs no JIbBiBCbKOI 001aCTi 3 iHIIIMX perioHiB YKpa-
iHM, HE OXOTUIEHMX 0OMOBUMMU HiSIMU.

I'pymna 3 (koHTposibHA, N = 334): BariTHi XiHKU, SIKi T10-
CTil{HO TIpoXKMBaloTh y JIbBIBCHKill 00J1aCTi.

BusnaueHHsT cTaHy BereTaTUBHOI HEPBOBOI CHUCTE-
MU TIPOBOJAMJIOCS 32 JAOTMOMOTOI0 aIanTOBAHOI aHKETU
A.M. Beiina, sika 103BOJISIE OLIIHUTU BUPAKEHICTh BereTa-
TUBHUX CUMNTOMIB. JIJIs KOXKHOTO cUMMITOMY OyJia BCTa-
HOBJIEHA KiJIbKIiCTh 0aJliB, 110 BimoOpaka€ Moro BIIUB Ha
¢yHKIIIOHAIbHI cUcTeMU opraHizMy. OTpuMaHi pe3yJib-
TaTU 00pOOJISIMCS 3 ypaXyBaHHSIM BilCOTKOBOIO CITiBBilI-
HOILIEHHSI CUMIATUYHUX Ta MMapacuMITIaTUYHUX MPOSIBIB 3a
dopmyJiolo:

05— Nc+Cym
1 — (Nc + Nn) =~ Cym
Pn=100% — Pc,

ne Pc — BiporinHicTh nepeBaxaHHsI CUMITATUYHUX MPOSIBiB;
Pn — BiporimHicTh IIepeBaXkaHHsI ITapacCUMITATUIHUX IIPO-
aBiB; Nc — cyMa 06ajiiB, 110 CBiI4YaTh MPO HASIBHICTb CUM-
MaTUIHUX CUMIITOMIB; Nn — cyMa 0aJiiB, 1110 CBiT4aTh Ipo
HasIBHICTh apacUMMaTUUYHUX cuMIITOMiB; Cym — 3arajibHa
cyma 0aJliB CUMIITOMIB.

[l OLiHKY BEreTaTMBHUX MOKA3HUKIB TTPOBOAUIUCS
TaKi TOCHiI>)KEHHS: BUMIPIOBAaHHS apTepiaibHOTO TUCKY
(AT) 3 BusHaueHHIM cuctonigHoro (ATcucr) Ta miacto-
JgiyHoro (ATmiacT) THUCKY, YaCTOTHU CEPLIEBUX CKOPOUYEHb
(YCC). BumiproBanu y cTaHi criokow. BeretatuBHuii iH-
nekc Kepno (BI) po3paxoByBaBcs 3a hopMyJI010:

A
BI=(1-
( ycce

Pc x 100 %,

)XIOO%,

ne /I — 3Ha4YeHHS OiaCcTOJIYHOTO apTepiaIbHOTO TUCKY;
YCC — yacToTa cepleBUX CKOPOUCHbB 3a XBUJIMHY.

XBunuHHMI 06’eM KpoBi (XOK) Bu3HavaBCst HEMPSIMUM
MetonoM Jlinbe — IlTangepa:

Amnaimyoa AT = ATcucm — AToiacm,

ne Amnaimyoa AT — ammuiiTyna apTepiaJlbHOTO THUCKY;
ATcucm — cuCTONIYHUIA apTepiabHul TUCK; ATdiacm —
NiacCTOJIIYHUI apTepiaiIbHUI TUCK.
ATcucm + AToiacm
b
2

ne ATcp — cepeaHe 3HaUEHHS apTepiabHOTO TUCKY.

ATcp =
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skl

Amnaimyoa AT

ATped =
pe ATcp

x 100 %,

ne ATped — peaykoBaHe 3HaUEHHS apTepialbHOTO TUCKY.
XOK = ATpeo x YCC,

ne XO — XBUIUHHUI 00°eM KpoBi; ATped — peaykoBaHe
3HAYeHH apTepiaibHOro TUCKY; YCC — yacToTa cepleBUX
CKOpOYEHb 32 XBUJIMHY.

AHaJi3 1aHuX 3/1ilICHIOBABCS 3a I0MTOMOTOI0 MaKeTa cTa-
TUCTUYHUX TTporpaM R 4.2.1. JIns ouiHKu BiporimHOCTI pe-
3yJIbTAaTiB BAKOPUCTOBYBAIM METOMIM: OlliHKA HOPMAJIbHOTO
posnoniny Banbaa, t-kputepiit CTblofieHTa 1JTsI TTOPiBHSIH-
H$I Cepe/IHIX 3HaYeHb MiX Ipynamu, TMCHepCiiHUI aHaITi3
ANOVA nns 6aratoakTopHOIo aHaji3y, KOpeIsiiHui
anaii3 [lipcoHa miIst BUSIBIEHHST B3aEMO3B’SI3KiB MiXK Ia-
pametrpamMu. KpuTuuHMil piBeHb 3HAUYIIOCTI MpUIIMaBCs
3ap<0,05.

Vci npouenypu noCaiakKeHHs BilNMoBigaIu eTUYHUM
CTaHAapTaM, 3aTBePIKEHUM JIOKATbHUM eTUIHUM KOMiTe-
ToM. 2KiHKM OTpUMYBaJIM TIOBHY iH(OpMallilo Mpo METy Ta
METOIHU TOCIIIKEHHSI, a TAKOX ITAMICYBaJIX iHDOPMOBaHY
3rofy. JlocmimKeHHs He nepeadayano iHBa3MBHUX BTPyYaHb
Ta 3a0e3MevyyBaio IMMOBHY KOH(DiAeHIIiIiHICTh TaHUX.

PesyAbTaTH

V npoueci mociigKeHHS BCTAHOBJIEHO, 10 BariTHI
KiHKU, SIKi 3MYILIeHi OyJu mepeixaTu 3 00JacTeil akTUB-
HUX OOMOBUX Hiil, MAaIOTh HAWBUIIUI PU3UK ITOPYILIEHD Y
CUMIIaTUYHOMY Ta MapacuMMNaTUYHOMY BiJijax BereTa-
TUBHOI HEPBOBOI CUCTEMU MOPIBHSIHO 3 BariTHUMU, SIKi
MeUIKaJu y OuIbIn 0e3MeYHUX perioHax abo 3aJuianiucs
y JIbBOBI.

ITpoBeneHe nOCiMKEHHS BEreTaTUBHOTO TOMEOCTA3y B
YMOBaX BOEHHOT'O CTaHy B YKpaiHi JaJio 3MOTY BUBHAYUTHU
0COOJIMBOCTI MOPYILIEHb Y CUMITATUMHOMY Ta TlapacuMIia-
tnuHoMmy Bimgaizax BHC y BariTHuUX XiHOK, $IKi 3MiHIOBaJIu
Miclie MPOXXMBaHHS yepe3 OOMOoBi Ail.

Y po6oTi Oy/10 BUOKpEMIIEHO TPU TPYITU: Tiepilia rpyria
(n = 333) — BarirtHi, sIKi Iepeixanau 3 perioHis, 1e BinOyBa-
JIMCS aKTUBHI 00MOBI mii; apyra rpymna (n = 333) — XiHKH,
SIKi TAKOXX OyJIM 3MyLI€Hi 3MIHUTH MicClle MPOXWUBAHHS,
poTe 3 MEHIII HeOe3IMeUYHUX 30H; TpeTs rpyma (n = 334) —
KOHTpPOJIbHA, 110 BKJIIOYajia BariTHUX, SIKi MPOXUBAIN Y
JIbBOBI 0€3 BUMYIIIEHOTro mepeizny. AHali3 JaHUX, OTPU-
MaHMX METOJIOM aHKETYBaHHS 3a IIKAJ0l0 BEreTaTUBHUX
cumnTomiB A.M. BeiiHa, mpoaeMOHCTpYBaB, 1110 y BariTHUX
MepIloi TPyNy MOKA3HUKU CUMITATUYHUX MPOSIBIB Berera-
TUBHOTO TOHYCY Oy HaBUIIMMU. 30KpeMa, CXyTHEHHSI
BinzHavanocs y 21,0 % xiHok, 6nigicTs wkipu — y 30,0 %,
3HmkeHa cafiiBauisgs — y 30,0 %, nigBumenuit AT — y
30,0 % i taxikapmist — y 30,0 %. Y apyriii rpyri Takox 3a-
(ikcoBaHO CYTTEBI 3MiHM: CXYIHEHHS BUSIBIIsIocs y 15,6 %
BariTHUX, OigicTh mKipn — y 24,9 %, 3HUKeHa caiiBa-
uisg — y 30,0 %, nigBumenuit AT — y 30,0 %, Taxikap-
nist — y 24,9 %. KoHTposbHa Tpyra Majia HIK4i TOKa3HUKU
MOpYIIEeHb CUMITATUYHOTO BiIiy: CXyaHeHHST — 6,3 %,
oigicts mkipu — 12,0 %, 3HmkeHa caniBailist — 12,0%,
migsumennii AT — 12,0 %, Taxikapnis — 8,1 %. Crartuc-
TUYHO BiporimHi BimminHocTi (p < 0,05) minTBepmwiu, 110

HAWCUJIBHIIINK HEeTraTUBHUIU BILUIMB CTPECOBHUX (DaKTOPiB,
OB SI3aHUX i3 TIepei3 oM, CIToCTepiraBest came y XiHOK, sIKi
3aJIAIIMINA PETiOHU aKTUBHUX OOMOBUX Hild.

JlomaTkoBo OyI10 IIpoaHajli30BaHO MPOSIBY ITapacuMIIa-
tuuHoro Binainy BHC. PesynbraTu minTBepauiu, 1o y nep-
Ii# TPy TAKWIA TUTT TOPYIIEHb TAKOX TPATUISIBCS YacTillle.
3okpema, OXUpiHHS Bin3Havamocs y 18,9 % obcTexeHux,
riepemis mkipu — y 14,0 %, BUpakeHUl CynuHHUIN pU-
cyHOK — vy 10,0 %, a HagmipHe noroBuaiieHHs — y 30,0 %.
IMonwxennii AT crioctepirases y 21,0 % xiHOK, Tomdi SIK
Opanukapmis Bu3Havanaca y 18,9 %. Y npyriit rpymi i mpo-
sIBU OyJIM MEHIIMMU 32 aOCOJIIOTHUMM TTOKa3HUKaMu (Ha-
MpUKJIan, oxXupinas — 9,3 %, rinepemist mkipu — 9,0 %,
migBuineHe notopuaiieHHs — 30,0 %, 6pagukapmiss —
9,3 %). Y KOHTPOJIbHIl IpyTIi MapacUMIaTUYIHi ITOPYIIEHHS
PEECTPYBAIUCS 3HAYHO pinmie (oxXupiHHsI — 3,6 %, miaBu-
nieHe norosuaiieHHss — 12,0 %, Gpagukapmis — 3,6 %).
[TopiBHAHHS TPHOX TPYII i3 ypaxyBaHHSIM CTaTUCTUYHUX
nokasHukiB (p < 0,05) miaTBepauso, 110 Halbinblle Ha-
BaHTaXXeHHs Ha MapacuMmnaTuuHy Jjanky BHC 3a3HaBanm
KiHKM MEePIIOi TPYITH.

AHaJti3 pe3yabTaTiB JOCTIIKEHHS IIPOIEeMOHCTPYBaB,
10 SIK CUMIMATUYHi, TaK i mapacUMITaTUYHI TTPOSIBU THC-
¢ynkuii BHC 4iTko moB’s13aHi 3i CTyIieHeM CTpecy Ta yMO-
BaMM KUTTS BariTHUX. HalGiabln BUpaXkeHi po3jagu Bif-
3HAYeHi y XiHOK, sKi BUIXaJIi 3 peTioHiB HallaKTMBHILIMX
00IOBUX Miil (TIepla rpyma), Tomi SIK y APYyroi rpyIu, siKa
TaKoX 3a3Hajia BUMYLIEHOTO Mepei3ay, ajie B MeHII pPU3H-
KOBaHMX YMOBaX, MOKa3HUKHU Oy moMipHUMU. KOHTPOJIb-
Ha rpyna y JIbBOBi MaJila HaliHMXKYi MOKAa3HUKHU MOPYIIEHb
BEreTaTUBHOTO romMeocTasdy. Taka cuTyalis Moxe OyTu
rosicHeHa 6e31ocepeiHiM BIUIMBOM iHTEHCUBHUX TTCUXO-
eMOLIIHMX HaBaHTaXKeHb Ta (PaKTOPiB HABKOJUIIIHbOI'O
cepenoBuIIa, 3yMOBIIEHUX BiiCBKOBUMH [iSIMU Ta Pi3KOIO
3MiHOI XUTTEBUX 00cTaBUH. OTpUMaHi BUCHOBKY BKa3y-
I0OTh Ha HEOOXiAHICTh OibII MUJIBHOI YBaru 10 BaTiTHUX,
SIKi TIepeOyBaloTh y CTaHi BUCOKOTO CTPECY YEPE3 BOEHHY
00CTaHOBKY, 3 OIJISIY HAa pU3UKU TIOPYIIEHb BEreTaTUBHOT
peryJisiiii Ta MOXJIMBI yCKJIaJHEHHSI Mepediry BariTHOCT.

3rigHO 3 OTPUMAaHUMMU pe3yJIbTaTaMU OLIIHKY BEreTaThB-
HOTO TOHYCY, Y XiHOK i3 coMaTOOpPMHOIO T1CHYHKIIEIO
BHC 3a rinoToHiYHUM TUMOM (TabJ. 1) BUSIBIEHO CYTTEBI
BiIMIiHHOCTI y CITiBBiIHOIIIEHHI CUMITATUYHUX Ta TTapacyM-
MaTUYHUX TIPOSIBIB B YCiX TPHOX rpymax.

V XXiHOK MepI1oi Ipyny cepeaHs cyma 0ajliB CUMITaTUY -
HMX TIPOSIBiB cTaHOBMIIA 24,43 & 5,26 (p < 0,05), 1110 Binmo-
Bimae 21,96 % (20,31-23,6). [TapacumMnaTiyHi NPOSIBU Y
LIMX 3KiHOK MaJIi 3HAaYHO BUIIi MOKa3HUKU — 89,15 + 7,37
(p < 0,05), mo cranosuthb 80,21 % (78,35—82,07). 3a-
rajbHa cymMa OaJiB JOCHIIXyBaHMX CUCTEM CTaHOBUJIA
113,51 £ 6,70 (p < 0,05), 10 CBIMYUTHL TIPO BUpaAKEHE TIe-
peBaxkaHHS NapacUMMIaTUYHOI aKTUBHOCTI.

YV npyriii rpy1ii KiHOK 0yJ10 3ahiKCOBaHO CXOXe CITiBBiJI-
HonteHHs1. CepenHs cyma 0ajliB CUMITaTUYHMX MPOSIBIB CTa-
HoBmia 39,75 + 5,21 (p < 0,05), a6o 35,77 % (34,19—37,35),
a MmapacUMIaTUYHuX rmposiBiB — 71,82 £ 7,23 (p < 0,05), 1o
Binmosinae 64,62 % (62,83—66,39). 3aranbHa cyma GaitiB y
LI Tpymi Oyya Aeino HK4orw i ctaHoBmiaa 109,90 + 7,49
(p < 0,05), 1110 CBIAYUTH PO BUPAXKEHY MapacUMIaTUIHY
IIOMIiHaHTY.
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Ta6nuys 1. lNoka3HUKU BereTaTUBHOro TOHYCY B O6CTEXEHMNX XIHOK i3 cCOMaToOghOpPMHOI0 ANCHYHKLIEIO
BereTaTuBHOI HEPBOBOI CUCTEMU 3a FiMNOTOHIYHUM TUIMOM, BUSHAYEHI METO4OM aHKETYBaHHS
3a wwkKasor BeretaTuBHux cumnromiB A.M. BeviHa

I'pyna ob6cTexeHnx

3HayeHHs N0Ka3HWKa BEreTaTMBHOrO TOHYCY B 06CTEXEHMX XIHOK
i3 comatochopmHoro aucchyHKuieto BHC 3a rinoToHiynuM TMnom

KiHOK CepepHsa cyma CepenHe 3Ha4eHHs | Cepepus cyma 6aniB | CepefHe 3HAYEHHs : En?g‘alﬁ?sscﬁﬁ::;is
6anis cumnaTM4HUX CHMNATUYHUX napacMmnaTu4Hux napacMmnaTn4HuxX gcni T
nposBiB, a6c.y. nposBiB, % nposBiB, abc.y. nposBiB, % ROCHIA vaﬁc y ’
Mepwa (n = 33) 24,43 £ 5,26 21,96 (20,31-23,60) 89,15 +7,37* 80,21 (78,35-82,07) 113,51 £6,70*
Opyra (n = 23) 39,75 +521** 35,77 (34,19-37,35) 71,82 +723** 64,62 (62,83-66,39) 109,90 + 7,49**
Tpeta (n=7) 4520 + 4,54 40,53 (39,24-41,83) 66,17 £ 6,60 56,42 (57,77-58,20) 114,22 + 7,47

TMpumitkn: * — pi3HNUs BiporigHa MiX NoKasHUKamu nepLuoi Ta TpetTboi rpynu (p < 0,05); ** — pisHuys BiporigHa
Mi>XK MokasHukamu Apyroi Ta Tpetboi rpynu (p < 0,05).

Ta6bnunys 2. BeretaTuBHi NOKa3HUKN B O6CTEXEHUX XIHOK i3 cOoMaToghopMHOIO ANCHYHKLIEO
BereTaTUBHOI HEpPBOBOI cUCTEMU 3a FiMOTOHIYHUM TUIMOM

BereTtaTuBHMIA NOKa3HUK B 06CTEXEHNX XKiHOK i3 comaTochopmHoro aucthyHkuieto BHC 3a rinoToHIYHUM TUNOM

Fpyna o6erexenux | CEPEMHE 3HA4EHHA | CEPEMHE SHAYBHHR | oononue spauenun | CepenHe aHavens | Cepemwe aHadeHHs
KIHOK acpurl:;g:';?or:o :I:::Il?:l:::%ll:g YacTOTH CEpPLEBUX BETETAaTUBHOIO XBUMHHOTO 06'€My
THCKY, MM PT.CT. THEKY, MM PT.CT. CKOpO4€EHb, Y1/XB inpekcy Kepao KpOBi, MJI/XB
[Mepwa (n = 33) 91,85+ 11,02~ 61,16 + 8,02~ 62,66 + 7,52* -2,15+0,22* 2508,70 £ 312,08
Opyra (n = 23) 82,69 +10,45** 51,92 +6,51** 54,44 + 6,54~ -419+0,48** 2476,97 + 308,44**
Tpeta (n=7) 81,07 £9,73 50,40 + 6,26 55,03 + 6,88 -8,40 £ 0,96 2569,68 + 316,02

TMpumitkn: * — pisHULsA BiporigHa MiX NokasHukamu repLuoi Ta Tpeteoi rpynu (p < 0,05); ** — pisHnys siporigHa

MDX oKasHukamm agpyroi Ta Tpetboi rpynu (p < 0,05).

HaiiMeHIT BupaxeHi mapacUMITaTUYHi TTPOSIBU CITO-
cTepiraiaucs y XiHoK TpeTboi rpynu. CepenHs: cyma OajliB
CUMIIaTUYHUX TIPOSIBIB y 1iii TpyTi ctaHoBUA 45,20 * 4,54,
o Bimmosigae 40,53 % (39,24—41,83), a mapacUMIaTUYHUX
mposiBiB — 66,17 + 6,60, a6o 56,42 % (57,77—58,2). 3aranb-
Ha cyma GaniB y wiii rpyni craHoBuia 114,22 + 7,47,

PesynpraTi gocmimkeHHS MiaTBePIKYIOTh MOXKIUBICTD
3HAYHOTO BIUJIMBY CTPECY Ha OpraHi3M KiHOK MepIIoi Ta
IPYroi Ipynu, y sIKUX BUSIBJIEHI OifbIl BUpaxKeHi Iopy-
meHHsgs BHC 3 noMiHyBaHHSIM ITapacUMITaTUYHOI aKTUB-
HOCTI TTOPIiBHSIHO 3 MOKAa3HUKAaMHU Y XiHOK TPEThOi Ipynu
(p <0,05).

HaiiBuii cepenni nokasHuku AT nipu comatodopm-
Hiil nucdynkuii BHC 3a rinotoHiyHuM TunoM (tadi. 2)
Oy 3adikcoBaHi y XiHOK mepinoi rpynu. BoHu crtaHo-
Buau 91,85 + 11,02 mm pr.cT. (p < 0,05) mist cucroiyHo-
ro TMcky Ta 61,16 £ 8,02 mm pt.cT. (p < 0,05) misg miacro-
JIIYHOrO. Y XKiHOK IpYroi rpynu Li MOKa3HUKHA CTAHOBUJIU
BinnmosigHo 82,69 £ 10,45 (p < 0,05) ta 51,92 + 6,51 MM
pt.cT. (p < 0,05). HaitHrXui moka3HUKM OYJIM y XKiHOK Tpe-
ThOi KOHTpOJIbHOI rpyniu, ae AT cranoBuB 81,07 £ 9,73 Ta
50,40 + 6,26 MM pT.CT.

YCC 0Oyna HaliBUIILIOI Y 3KiHOK TPEThOI IPYIIU i CTaHO-
Bwia 55,03 + 6,88 ya/xB, Toli SIK y 3KiHOK IepIIOi TPYyITH
LIel TOKa3HMK HopiBHIOBaB 62,66 + 7,52 yn/xs, (p < 0,05),
a 'y XiHOK npyroi rpynu — 54,44 + 6,54 yn/x8 (p < 0,05).

IIlomo BeretatuBHOrO iHAEeKCY Kepno, HailbinbII BU-
paXkeHi mapacMMMaTUYHi peaklilil CIIoCTepiraJuch y XKiHOK
TpeThOoi IPYIH, y sIKiil iHAeKc nopiBHIOBaB —8,40 + 0,96
(p < 0,05). Y xiHOK i3 IepIoi Tpynu iHAeKCc O0yB TpOXu
MEHIII BUpaXXeHuit i craHoBuB —2,15 + 0,22 (p < 0,05), Tomi

SIK Y XKiHOK JIpyroi rpynu BiH nopiBHioBaB —4,19 + 0,48
(p <0,05).

CepenHiii XBUJIMHHUI 00’€M KpPOBi TaKOX Pi3HUB-
Csl MiXK TpynaMu: y XiHOK MepIloi rpynu BiH CTAaHOBUB
2508,70 + 312,08 ma/xB (p < 0,05), y XiHOK Apyroi rpy-
m — 2476,97 + 308,44 mi/xB (p < 0,05), a y XXiHOK TpeThOT
rpyrmu — 2569,68 + 316,02 mi/xB.

O6roeopeHHs

Huchynkuis BHC y BaritHux i3 XI'B xapakrepusy-
€ThCS 3HMKEHHSIM BapiabebHOCTI CeplIeBOr0 pUTMY, 1110
CBITYUTH PO MOPYIIEHY NTApaCUMITATUYHY aKTUBHICTh Ta
rnepeBaXkaHHs CUMITaTUYHOIO ToHycy [24, 25]. BogHouac
CIOCTEPIraeThCsl 3HIKEHHST 6apopedIeKTOpPHOI YyTINBO-
CTi, 110 NPU3BOAUTH O MEHIIOI afanTaliiiHOl 34aTHOCTI
CepLEeBO-CYIMHHOI CUCTeMHU 0 3MiH KPOB’SIHOTO THUCKY.
lneppeakTHBHICTb CUMITATUYHOI HEPBOBOI CUCTEMU TIPO-
SIBJISETHCS TMIJBUIIEHOIO YAaCTOTOIO CEPLIEBUX CKOPOYEHb
(Taxikapai€lo) Ta 3pOCTaHHSAM HM3bKOYaCTOTHOI'O KOM-
MOHEHTa BapiabeabHOCTI ceplieBoro putMy [26, 27]. do-
CJIiIKEHHSsI, MPOBEACHI HAa MOJIEJISIX IIYPiB i3 CIIOHTAaHHOIO
rineprensieto (CI'), miaTBepauau, 1o y BaritHux camoxk CI”
KOHILIEHTpAllisl BA30MPECHHY B IJ1a3Mi 3HAYHO 3HUXKYETHCS
y Ii3HiX TepMiHax recrtaiii. Lle, y cBoio 4epry, BUKJIMKA€E
Taxikap/iio Ta MiJBUIleHy 6apopedieKTOpHY YyTJIUBICTh
SIK KOMIICHCATOPHMI MexaHi3M [28].

Bruins nopyimens BHC Ha BariTHicTh Ma€e cepiio3Hi Ha-
CJIIKY SIK JUTST MaTepi, Tak i 11 1ioaa. Pyu3uk npeexiamricii
3pOCTa€, OCKUTBLKY TUC(YHKIIiS Ba30IIPECUHEPTITHOI CUC-
TEMU MOXE CIPUSATU CYTMHHOMY CMa3My Ta MOPYLIEHHIO
IJTalleHTApHOTO KPOBOTOKY. ['iIMOKCis 11012 MOXKe pO3BUHY-
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THUCS Yepe3 HEJOCTATHIO PETYJISLIII0 apTePialbHOTO TUCKY Ta
CepLEBOro pUTMY, 110 MiJBUIIYE PU3UK BHYTPILLIHLOYTPOO-
HOI 3aTpuMKHU pocTy. [licasamonorosi yckiiagHeHHSI MOXYTh
BUHMKATU BHACITIIOK ITiIBUILIEHOTO CUMIIATUYHOTO TOHYCY
Mif yac BariTHOCTI, 1110 MOXe OyTH MPeIUKTOPOM ceplie-
BO-CYIMHHMX 3aXBOPIOBaHb Y MaTepi Micis moJjoris [29].

TlopyiieHHs GyHKIIIOHYBaHHS BEreTaTUBHOI HEPBOBOI
CHCTEMHU IIiJI 9ac BariTHOCTI, OCOOJIMBO Y XKiHOK i3 Timep-
TeH3UBHUMHU CTaHAMM, MA€ CYTTEBUI BIUIMB Ha MPOTHO3
matepi Ta maona. JlucbamaHc MiXK CUMIIATUYHOIO Ta Ia-
pPacUMITATUYHOIO aKTUBHICTIO, MOPYIIEHHS PeTyJsiii Ba-
30MPECUHEPTiYHOI CUCTEMU Ta 3HMKEHHSI amanTaliiiHuX
MOXJIUBOCTEN CEPLIeBO-CYIUHHOI CUCTEMU MOXYTb OyTU
dakropaMu pU3MKYy YCKIIaAHEeHb BaritHOCTi. [Tomanbiii g0-
CIIIIKEHHS Y il TaTy3i € BaXJIMBUMM IUTSI pO3POOKH eheK-
TUBHMX CTpaTeTiii MpoiJaKTUKY Ta JIIKyBaHHSI TillepTeH-
3MBHUX CTaHiB IIia yac BaritHOCTi [30].

Pesynbratit nocaimkeHHS MpOAeMOHCTPYBaJIA 3HAUHU I
BIUIMB CTpECY, MOB’I3aHOTO 3 BUMYILLIEHUM TMEePECEeHHSIM
yepe3 BoeHHi mii, Ha ctaH BHC BaritHux XiHOK. AHai3
OTPUMAHUX JAaHUX CBIIYUTH PO Te, L0 XKiHKH, SIKi Tiepeixa-
JIA 3 PETiOHIB aKTMBHMX OOMOBUX iif (IIeplia rpyma), MaloTh
HalBUpaXKeHillli TTOpYILIeHHsI BeTreTaTUBHOIO TOMeOCTasy,
1110 TIPOSIBJIIETHCS MiIBULIIEHUM PiBHEM SIK CUMITATUYHUX,
TaK i MapacUMIaTUYHUX CUMIITOMIB MTOPiBHSHO 3 iHIIUMU
rpynamu.

Cepen HAUITOIIMPEHIIINX MIPOSIBIB CUMITATUIHOI aKTH~
Ballii y >KiHOK IepIIOoi rpyIM Oy/Iv Taxikapis, MiABUILEHUI
apTepiaJIbHUI TUCK, 3HMKEHA caliBallis Ta CXyOIHEHHS. Y
JIpyTiii TpyIIi, sIKa BKJIIOYaja XiHOK, 110 nepeixaau 3 MeHII
HeOe3MeYHMX PeTioHiB, TaKOX BiI3HAYaIOCs MiABUILIEHHS
CUMMATUYHUX CUMITTOMIB, ajie MEHIIOI0 Mipoto. KoHTposib-
Ha rpyna AeMOHCTpYBajia HalHUXXYMIA piBEHb BEr€TaTUBHUX
TOPYIIEeHb, IO MiATBEPKYE 3HAYHUIA BIJTUB CTPECy, TTOB’sI-
3aHOTO 3 MePeceSIeHHSIM.

IlapacuMnaTiyHi po3many TaKoX Oy OLIBII BUpaXKe-
HUMU y TIEpIIiil TpyTi, 30KpeMa BiJ3Havaaucs TiMOTeH3is,
OigBUILIEHE MOTOBUIIEHHS, TillepeMis IKipy Ta Opanu-
Kapmis. Jpyry rpymny XxapakTepusyBaJiM CXOXi, ajie MEHIII
BUpaxeHi cuMrtoMu. KoHTpoJibHa rpyria Majia MiHiMabHi
MPOSIBU ITOPYIIeHb IMTapacUMITATUIHOIL PETYJISIIii.

CTaTUCTUYHO BipOTiIHI BiAMiHHOCTiI MiX Tpyrnamu
(p < 0,05) cBimuath Ipo Te, 110 piBeHb CTPECY IIPSIMO KOpe-
Joe 3 BUupaxkeHictio mopyieHb BHC. OtpumaHni pesynbra-
TU Y3TOMXYIOThCS 3 TaHUMM MOMEPeaHIX TOCTiIKEeHb, SIKi
MiATBEPXYIOTh HETATUBHUI BIUIMB XPOHIYHOTO CTpECy Ta
TMICUXOEMOLIHUX HaBAaHTAaXXEHb Ha BETETATUBHUI OajlaHC.

Taxum YyrHOM, DOCITIIKEHHS IeMOHCTPYE HEOOXiTHICTh
CBOEYACHOI MEAMWYHOI Ta TMICUXOJIOTIYHOI JOITOMOTH BariT-
HUM XiHKaM, SKi 3a3HajJIu CTpecy uepe3 BiICHKOBI il Ta
BUMYIILIEHe TiepecesieHHs. [le Moxe BKIItouaT KOMIUIEKCHi
MporpaMu MiATPUMKH, CIIPSIMOBaHI Ha CTabijIizallilo cuxo-
€MOILIITHOTO CTaHy Ta KOPEKIlil0 BEreTaTUBHUX IMOPYIIEHb.

BucHoBKkMU

BariTHi XXiHKH, SIKi OyJI1 3MyIIEHi MOKWUHYTU PETiOHU
aKTUBHMX OOMOBUX Aili, MAIOTh HAMBUIIMI PU3UK PO3BUTKY
nuchyHKII BereTaTuBHOI HEPBOBOI CUCTEMH, 1110 MPOSIB-
JISETHCS MiNIBUIIEHOIO aKTUBHICTIO IK CUMMATUYHOTO, TaK
i mapacummarnaHoro Binginis BHC.

Kinkw, gKi mepeixaau 3 perioHis, 10 He 3a3HAJIN aK-
TUBHMX OOMOBUX Mili, TAKOX MalOTh O3HAKM MOPYIIEHb
BereTaTUBHOI peTyJisilii, Xoua BOHM MEHII BUpPaXKeHi 10-
PiBHSIHO 3 MEPIIOIO ITPYIIOIO.

KonTposibHa rpymna BariTHUX XiHOK, sIKi ITPOXWBaJIU
y JIbBOBi 6€3 BUMYIIIEHOTO TiepecesieHHsI, Majla HalHXKYi
nokasHuku nopyieHb BHC, 110 ¢BigunTh Npo 3HaYHUI
BIUIMB CTpeCy, OB’ SI3aHOTO 3 BiliHOIO Ta 3MiHOIO MiCIIs
MPOXMBaHHS.

BusiBneHi BereTaTuBHI MOPYIIEHHS MOXYTh MaTU Cep-
O3HI HACJIiIKM 7151 TIepebiry BariTHOCTI, 1110 MiIKPECTIOE
HEOOXiIHICTh PO3POOKM ClieliaNi30oBaHUX MEIUYHUX Ta
TICUXOJIOTIYHUX MPOTrpaM MiATPUMKHU JIJIs1 BariTHUX KiHOK,
SIKi 3a3HaJIU BIUIMBY BOEHHOTO CTpECY.

[Nomanbii mocimKeHHsI IOBUHHI OyTH CIIpSIMOBaHi Ha
OLIIHKY JIOBIOCTPOKOBMX HACJIiIKIB CTpeCy, OB’ I3aHOTO 3
BiliHOIO, [IJ1 3MOPOB’S XKIiHOK i [iTeil, a TAKOX Ha MOIIYK
eekTMBHUX cTparteriit MpodilaKTUKY Ta JIiKyBaHHS Bere-
TaTUBHUX MOPYIIEHb Y ILi€] KaTeropii MmamieHTOK.

KonuikT inTepeciB. ABTOp 3asIBJISIE PO BiICYTHICTb
KOHITIKTY iHTepeciB Ta BIacHOI (hiHAaHCOBOI 3alliKaBIeHO-
CTi IIPY MiATOTOBIL JAHOI CTATTi.
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Autonomic nervous system in pregnant women under martial law:
the impact of forced relocation and stress
on the functioning of autonomous regulation

Abstract. Background. Autonomic nervous system (ANS) dys-
function is an important factor determining the course of preg-
nancy and maternal health. Research on this phenomenon among
pregnant women who have experienced forced relocation due
to military conflict is particularly relevant in the context of the
ongoing war in Ukraine. The aim of this study was to assess the
impact of war-related stress on the functioning of the autonomic
nervous system in pregnant women who were relocated to the Lviv
region from various parts of Ukraine. Materials and methods. The
study involved 1,000 pregnant women divided into three groups:
group 1 included women who relocated from active combat zones,
group 2 consisted of women who moved from less affected regions,
and group 3 were controls who lived in Lviv without forced reloca-
tion. The research employed Wayne’s questionnaire for evaluating
sympathetic and parasympathetic symptoms of ANS dysfunction.
Results. The results showed that women who were forcibly dis-
placed from combat zones exhibited the most pronounced ANS
disturbances, including tachycardia, elevated blood pressure,
glycemia, reduced salivation, and weight loss. Parasympathetic
disturbances were also more pronounced in this group, with symp-

toms like skin erythema and hypotension. Pregnant women who
were forced to leave regions of active hostilities have the highest
risk of developing autonomic nervous system dysfunction, which
is manifested by increased activity of both the sympathetic and
parasympathetic divisions of the ANS. Women who moved from
regions that were not exposed to active hostilities also have signs of
autonomic regulation disorders, although they are less pronounced
compared to the first group. The control group of pregnant women
who lived in Lviv without forced relocation had the lowest rates
of ANS disorders, which indicates a significant impact of stress
associated with the war and change of residence. Conclusions.
The identified ANS dysfunctions directly correlated with stress
levels and living conditions of pregnant women, highlighting the
importance of providing comprehensive medical and psychological
support to women affected by the war. Further studies should focus
on the long-term consequences of such disturbances for the health
of both mothers and their children.

Keywords: autonomic nervous system; vasopressin; stress; preg-
nancy; forced relocation; hostilities; obesity; blood pressure; psy-
cho-emotional state
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PoAb MeThPOPMIiHY Y AIKYBOHHI )KIHOK
i3 METAOOAIYHMMU NOPYLUEHHIMMU

Pe3rome. AkTyanbHicTb. MeThopMiH € npenapatom nepLuoi fiHii 4ns ikyBaHHS LyKpoBoOro giabety 2-ro
many (L42) 3aBasku BUCOKI echeKTUBHOCTI, 6e3newi Ta gocTynHocTi. [Monpu Te, Lo ye oauH i3 HavicTapimx
LYKPO3HWXYBasIbHUX riperapariB, NOro akTyasbHICTb 3anviaeTbcsi Bucokoro. Marepianu ta meroau. lNoLuyk
nitepatypv npoBeneHo B 6asax gaHnx PubMed, Scopus, Web of Science Ta Google Scholar 3a knto4oBumu cro-
Bamu: metformin, type 2 diabetes mellitus, prediabetes, polycystic ovary syndrome (PCOS), gestational diabetes
mellitus (GDM). Pesynbtatn. MeTchopmiH MOXe 3acTOCOBYBaTUCS IK MOHOTeparisi y Naui€eHToK i3 CUHAPOMOM
ronikicto3Hux siednHmkis (CIK5) ta iHgekcom macu tina (IMT) = 25 kr/M? 3 MeTor 36irbLUEHHS Yy TINBOCTI [O
IHCYniHY, MOMNLUEHHS riKeMiYHOro npointo 1a AinigHoro oo6miHy. MeTtghopmiH moxe 6yTn gonaHui fo Teparniii
KOMOIHOBaH1MM OpasibHUMM KOHTpaLenTusamm y NaLieHToK, siKi JIKYHTbCS 3 MPUBOAY ripcyTn3My Ta AMCMEHOPEI.
Taka KoMbiHayisi MoXe 3abesrneqyBaTi Kpalyi KiiHiYHi egheKTn, 0cobmBoO y XIHOK i3 IMT > 30 Kr/M?, chakTopamm
pusuky LI a6o nopyLueHow TonepaHTHICTIO [0 ITIH0K03U. 3rigHo 3 peKkoMeHaavissMy AMepuKaHChKOI fiabeTnyHoi
acoyiayii (ADA) 2025 p., meTghopMiH He € npenapaTtoM rnepLuUoi NiHii A7 JiKyBaHHS rectayiviHoro giabety, ane
MOXe po3riisgaTucs sIK anbTepHatuBa iHcyniHoTepanii y pasi ii HegocTynHocTi abo npoTunokasaHs. HactaHosu
NICE (2020) pekomeHaytoTb 3acToCcyBaHHSI METGOOPMIHY y BariTHUX 3 piBHEM r71H0KO3un HaTLye < 7,0 MMOsIb/N y pasi
HeegeKTBHOCTI MogudbikaLlii crnocoby xutTs. MeTgopmiH pekomeHgoBaHo ADA (2025) gns npoginaktmku L2,
30Kkpema B 0ci6 Bikom 25-59 pokis 3 IMT = 35 Kr/M?, nigBuLLEHUM PIBHEM [TIHOKO3M Ma3Mm HaTLye (= 6 MMOb/J)
Ta rnikoBaHum remorsiob6iHom (HbA1c) = 6,0 %, a TakoX y XIHOK i3 rectauiviHum LyKpoBUM LiabeToM B aHaMHe3.
BucHoBkun. MetghopmiH € npenapatom BUO60OPY 471 XIHOK i3 MeTaboniuHnmMm nopyLLeHHsIMuU, 3okpema ripu ClK5,
MOXe 6yTy BUKOPUCTaHWV rpy rectauiviHoMmy giabeTi ik anbTepHaTuBa iHCysiHy y pasi vioro He4oCTynHOCTi abo
HasiBHOCTI rpoTtunokasaHs. OKpiM TOro, METEhOPMIH peKoMeHaoBaHui Ans npoginaktuku LI[2 y nayieHTis i3
BUCOKUM PU3NKOM VIOrO PO3BUTKY.

Knto4oBi cnoBa: metgopmit; iHCYniHOPe3UCTEHTHICTb, CUHAPOM MOSIKICTO3HMUX SEYHMKIB; reCTaliviHi LiyKpoBub
fiabert; npegiabet; ornsag

Bctyn

MeTtdopMiH € mpenrapaToM MePIIOI JTiHil IS JTiKyBaHHS
1yKpoBoro niadety 2-ro tuny (LIJ12), pekomMmeHI0BaHUM
y 6aratbox MPOBIAHMUX KJIiHIYHUX HACTAHOBAX, 30KpeMa B
HactaHoBax American Diabetes Association (ADA, 2025),
European Association for the Study of Diabetes (EASD,
2022), National Institute for Health and Care Excellence
(NICE, 2022), International Diabetes Federation (IDF,
2025) [1—4]. Iompu Te, IO 1Ie OOWH i3 HACTAPIilINX ILy-
KPO3HWKYBJIbHUX MpenapariB, SKUil BUKOPUCTOBYETbCS
B KJTiHIUHil mpakTuii BXe rmoHan 60 pokiB, HOTo akTyalb-

HICTh 3aJIMIIAETHCSI BUCOKOI0. OKpiM JOBEIEHOI III0KO-
303HMXKYBaIBbHOI €(DEeKTUBHOCTI, MET(MOPMiH Ma€E HU3KY
IUIEMOTPONHUX e(eKTiB: MiIBUIIYE YyTAUBICTh A0 iHCYi-
HY, CIIpUsIE TTIOMipHOMY 3HUXKEHHIO MacH Tijia, TIOMITIIIYE
JNigHUM Mpodisib, a TaKOXK BUSIBJISIE KapAiONPOTeKTOPHI
(mocnimkenHs UKPDS) Ta moTeH1IilfHiI rermaTorpoTeKTOpHi
1 aHTUHEOMNJIaCTUYHI BJaCTUBOCTI [5].

MerTor0 onIsIay € y3aralbHeHHs CydacHUX MiXKHApOIHUX
pEeKOMeHJaliil Ta HAayKOBMX JaHUX LIOJ0 MEXaHi3MiB [ii,
TeparneBTUYHHUX ITOKa3aHb i KIIiHIYHOro 3HaYeHHs MeTdop-
MiHY y MaIi€HTOK i3 METaOOTIYHUMU MOPYILICHHSIMU.
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MaTepiaAn Ta MeToAmn

[TpoBeneHo nouyk JiTepatypu y 6a3zax nanux PubMed,
Scopus, Web of Science Ta Google Scholar 3a crartsamu,
onyoikoBaHumu B iepiof 3 2000 no 2025 poky. Bukopuc-
TOBYBAJIMCSI KJIIOUOBI CJIOBA Ta iXHi KOMOiHalii: metformin,
type 2 diabetes mellitus, prediabetes, polycystic ovary
syndrome (PCOS), gestational diabetes mellitus (GDM).
OCHOBHY yBary IpUIiJIeHO MiXKHAPOIHIUM PEKOMEHIALIISIM
(Standards of Care in Diabetes — 2025 (ADA); ESHRE/
ASRM PCOS Guideline (2023), NICE NG3 (2020)), pe-
3yJIbTaTaM paHIOMi30BaHMX KOHTPOJbOBAHUX JOCTIIKEHb,
MeTaaHasli3aM Ta CUCTEMaTUYHUM OTJIsIaM.

PesyAbTaTU
MeTdOopMiH: KAIHIYHO ePeKTUBHICTb
TO MEeXAHi3MU AT

MetdopmiH — 11e mepopalbHUI IYKPO3HKYBaJIbHUI
mnpemnapar i3 rpynu OiryaHigiB. Y IlediHIli IIpemapaT 3HU-
KY€ TIPOYKYBaHHS Ta BUBIUIbHEHHS [JIIOKO3U, IPUTHIUYE
JIimoreHe3, 3MeHIIYE HAKOITMYCHHS JHITiAiB [5]. ¥V ku-
LIEYHUKY MTOCUITIOE MeTa001i3M IJTI0OKO3U B EHTEPOLIUTAX,
CTUMYJIIOE CEKpellilo TJII0KAarOHOIIOMiOHOTO MenTumy- 1
(T'TIIT-1), npurHiyye aKTUBHICTh AUMENTUIAMITICITHIA-
3u-4 (JI1I1-4), a TakoxX MOAYJIIO€ KUIIKOBY MiKpoOioTy
[7—9]. ¥ M’s30Biii i )XUpoOBiil TKAHWHI MeT(HOPMIH ITiIBU-
1IIY€ YYTIMBICTb 10 iHCYJIiHY Ta MOJIIIIY€E YTUIi3allilo TJI0-
ko3u [10]. Ha piBHI IeHTpa/IbHOI HEPBOBOI CUCTEMU MET-
G opMiH acoliIOETHCS 31 BHUKEHHSIM alleTUTY, 1110 CITPUSIE
3HMKEHHIO MacH Tijia [11]. 3rigHo 3 TaHUMM JOCTiIKEeHHST
UKPDS, 6yyi0 noBeaeHo eeKTuBHICTb MeTHOPMiHY Y
3HMKEHHI pU3UKY CeplieBO-CYAIMHHUX MOIiil i CMEPTHOCTI
y naiieHTiB 3 HagMipHotw Baroto Ta LI/12 [12]. OcHoBHI
MeXaHi3MU [ii Ta KJIiHiYHO 3HauylIlli e(heKTU MeTPOpMiHy
nomaHi y Taour. 1.

Kpim Toro, nmpemnapaTt Ma€ BUCOKMI Mpodiab 6e3mexku,
OCKIJIbKM BiH He BUKJIMKAE TIiMIOIIKEMIIO, i € mpernapaTtoM
i3 HU3BKOIO BapTiCTIO, IO POOUTH MOTO JOCTYITHUM ISt
IIMPOKOTO KJIiHIYHOro BUKOpUCTaHHs [13].

POAb iHCYAIHOPE3UCTEHTHOCTI
Y PO3BUTKY METABGOAIYHUX NMOPYLLEHb,
KAIHIYHi NPOSIBU TO METOAM OLLIHKU

IHcyninopesuctentHicts (IP) € onHuM i3 Haiinoiupe-
HillIMX MeTa0OJIiYHMX PO3JaMiB, MPU SIKOMY MOPYIITYETHCS
Iist iHCYJIiHY Y TKaHWHaX-MilneHsx [ 14]. OcKiibku iHCYTiH
BUKOHYE pi3Hi (PyHKIIil B OpraHi3mi JIOAMHU, KOMIIEHCa-
TOpHA TilepiHCyIiHeMis, IKa BUHMKA€ BHACIIOK He3IaT-
HOCTi KOHTPOJIIOBAaTH BYIJIEBOAHUIA OOMiH, aCOLLIOETHCS 3
MeTa0OoIIYHUMU Ta EHIOKPUHHUMM TTopylieHHamu [14]. [lo
HalixapaKTepHIlIMX KJIIHIYHUX HACJIi/IKiB HaJIeXKaTh TaKi:

— TOpPYIIEHHS BYTJI€BOAHOro OOMiHY (Timepriikemis
HaTIlle, MOopyIlIeHa TOJIEPaHTHICTh 10 rioko3u, L2);

— WIKipHi MposiBU (YOpHUIi aKaHTO3, IIKipHi 60poIaB-
K1, BOTHUIIIEBA aJIOIIellisl);

— TIOpYLICHHS XXKMUPOBOi TKAHUHM (J1imoatpodist, imo-
rineprpodist, abmoMiHaIbHE OXXMPIiHHS);

— TIOpYUIEHHSI OTIOPHO-PYXOBOI CUCTEMH (TICEBIOaKPO-
MeraJis, TinepTpodist M’s13iB);

— TOpYIIEHHS JiIliaHOro oOMiHy (TillepTpuriIinepu-
neMmist);

— TIOpYILIEHHS PeNpONyKTUBHOI cucteMu (aMeHopes,
ripcyTr3M, MacKyJIiHi3allisl, OJIir0OBYJISILS Ta MTOPYLIEHHS
deptunbHocTi) [15].

IP posrisimaeTbest sIK criiibHUI maTtodiziooriyHuit Mexa-
Hi3M [U1s1 6araTboX KJIiHiYHMX CTaHiB, 1110 YacTO 00’ €THYIOTh-
Csl TIiJ TepMIHOM «MeTaboiuyHuii cuHapom» [14]. 3omotum
craHmapToM oliHku [P € eyriikemiyHuii rinepiHcyiHe-
MIYHUI KJIEMII-TECT, SKUI 3aCTOCOBYETHCS JIUIIIE B YMOBaX
KJIIHIYHMX JocimkeHb. Lsi MeToaunka 103BoJisie BUBHAYUTHU
KiJIbKICTb INTIOKO3H, SIKYy HeOOXiZTHO BBOAUTU BHYTPIllIHbO-
BEHHO MPOTSATOM BU3HAYEHOT'O Mepioay sl MiATPUMaHHSI
CTa0IBLHOIO PiBHS IIiKeMil B YMOBaX iHAYKOBAHOI TinepiH-
cyniHewmii. beanepepBHa BHYTpillTHbOBeHHA iHDY3isI iHCYITi-
Hy 0JI0Ky€ BUPOOJIEHHS iHCYJIIHY MiALLTYHKOBOIO 3aJI03010
Ta BUPOOJICHHS TJIIOKO3M ITeUiHKOIO. Y KIIiHIUHIN ITpaKTHU-
11i BuKopuctoByeTbes iHneKc HOMA-IR, sikuii Kopestoe
3 pe3yJabTaTaMu KjeMIl-TecTy. Ha choromHi Hemae >KOTHUX

Ta6nuys 1. MonekynsipHi Ta MeTabonidyHi e¢hekT meTghopmiHy [6]
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3HWXKeHHs aneTuTy i nigeuweHa cekpeuia MM-1

AHTUrinepriikemiyHmn

— 3HWXeHHs BCMOKTYBaHHS BYrneBofiB (BNVB Ha NocTnpaHgianbHy rnikemito);

— iHribyBaHHsA Ne4iHKOBOrO rMIOKOHEOoreHeay: iHribyBaHHs unkny Kpebca ta/abo OKMCHOro
chochopuntoBaHHs 3a gornomMmororo aktneadii AMOK;

— MOCUIIEHHS iHCYNIHOONOCEPEAKOBAHOMO TPAHCMOPTY IMIOKO3UN B CKENETHNX M’'A3ax:
aKTuBaLUis, eKCnpecis Ta NepeMiLLeHHs 3 BHYTPILLHbOKNITUHHOMO nyny GLUT-4

AHTURINIAEMIYHWIA

MocuneHHs etepucpikadii BXXK Ta npurHideHHs ninonidy B XXMPOBIi TKaHWHi

3axucT B-KniTnH

SHWKEHHS TNIOKO3M Ta NiNOTOKCUYHOCTI: 36epeXXeHHs 3-KNiTUHHOI Macu

nnasmiHoreHy-1

enaTonpoTeKTOPHUIN | SHMKEHHS iIHCYNIHOPE3UCTEHTHOCTI NEYiHKM Ta NOMIMNLIEHHS NiNigHOro Npoginio
OHKOMPOTEKTOPHMIA — Henp;uglmﬁ qugKT: vepes 3HYDKEHHS IHCYNIHOPE3NCTEHTHOCTI Ta 3HVDKEHHS piBHS |OP-1;
— npamun edpekT: Yepe3d AMPK-3anexHi Ta AMPK-He3anexHi KniTUHHI LWnsxm
— EETpaTa Macwu Tina ta noninweHHs ninigHoro Npowinto NPoTAroM TpmMeasnoro nepiogy
KapgionpoTekTopHUi npu1oMy rpenapary,

— HEeBW3Ha4eHi ceponorivyHi abo eHgoTenianbHi hakTopu, SK-OT iHriGiTOp akTnBaTopa

TMpumitkn: BXXK — BinbHi xupHi kucnotn; AM®K — ageHosnHmoHogpocghaTtHa nporTeiHkiHasa; 'TIM-1 — rnroka-
roHonopi6Huii nentug-1; IOP-1 — jHcyniHonogi6Hni ¢hakTop pocty 1; GLUT-4 — TpaHcrniopTep rimoKo3u tuny 4.
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KJIIHIYHMX CTaHOAPTIB OLIHKY KOHIIEHTpALlii iHCYJIiHY ITif
yac OpaJIbHOTO TecTy ToJiepaHTHOCTI 1o rmoko3u (OTTT).
KiiniyHoro o3Hakoo HaOyToi IP BBaxkaeThcst abmomiHaabHe
oXupiHHS. KiHKaM i3 BUCOKMM pU3UKOM TOPYIIEHb BYT-
JIEeBOAHOro 0OMiHy pekoMeHnoBaHo npoBoautu OTTT mis
BUSIBJIEHHSI TIOCTITPAHAiaIbHOI TiMepriikemii, sika 4acTo He
BUSIBJISIETbCS IPU BU3BHAYEHHI IJTiKeMil HaTILe.

MeTtdopMiH npy CUHAPOMI
MOAIKICTO3HUX €YHUKIB

CIIKS — onHe 3 HAWMOMMPEHIINX eHIOKPUHHUX 3a-
XBOPIOBaHb Ccepell KiHOK pernpOAyKTUBHOIO BiKy, IO Xa-
paKTepU3YEThCS TillepaHIPOTeHIE0, TTOPYIIEHHSIM MEH-
CTPYaJIbHOTO LIMKJTY Ta MOJiKiCTO3HUMU 3MiHaMU SIEUHUKIB
[16]. 3rimHo 3 cyyacHuMu Kputepisimu nomupeHicts CITKS
y 3arajibHiit momyJsiiii craHoBuTh Big 10 mo 13 % [16]. Kii-
HiuHi nposiBu CIIKS € pisHOMaHITHUMU Ta 3MiHIOIOTHCS
MPOTSITOM XUTTs. HaityacTtimmumu cuMnroMmamMu y MoJio-
JIOMY Billi € HEPETryJIsIpHUI MEHCTPYaJIbHUM LIMKJI, Tipcy-
TU3M, 30UTbIIIEHHS Bar, OOJMCIHHS 32 YOJIOBIYMM TUIIOM,
MOTEMHIHHS IIKipu (aKaHTO3), TOJIOBHUI Oijb, a TAKOX
TICUXOJIOTIYHI po3iany (HU3bKa CaMOOIliHKa, JeIpecid,
TPUBOXHICTb) Ta PENPOAYKTUBHI MOpylIeHHs (0e3rtin-
IIs1, YCKJIagHEeHHs BariTHOCTI) [17]. 3 BikoM 30iIbILIyETHCS
yacTKa MeTabOJIIYHUX Ta CepleBO-CYAMHHUX YCKIIaIHEHb
(apTepiajibHa TinepTeH3is, AUCiNiaeMisl, aTepOCKIePO3),
1110 TIOTipIIY€E SIKICTh XUTTS Ta MiABUIIYE PUUK TESIKUX
¢dopM oHkormaroJiorii [17]. HaitGiapl nommpeHUMHU Me-
TaOOJIIYHUMHU yCKIIamHeHHIMU Y XiHok i3 CIIKS e: LIJ12
(5—10 %), mpeniabet (30—40 %), oxupinns (30—70 %) ta
abaoMiHanbHe oxupiHHsa (50—60 %) [18]. i craHu moB’si-
3aHi 3 [P, KomneHcaTopHO10 rinepiHCyliHeMIEO, TTiABUILE-
HUM MPOAYKYBAHHSM aHJIPOTEHIB, MOCUJIEHHSIM TPOSBiB
rinepaHApOreHii, OJiro-/aHoByIsIEO Ta Oe3rutiasm [18].
CIIKS — e xpoHiyHe 3aXBOPIOBaHHS 3 IMHAMIUHUM IIe-
pebiroM, 110 MOTPeOY€E MYJIbTUANCLUTILUTIHAPHOTO ITiIXOMY
IO BEJICHHSI MAIliEHTOK i3 3aIy4eHHsIM (haxiBIIiB 3 reaiarpii,
TiHEKOJIOTii, €HIOKPUHOJIOTII, JepMaTOoJIorii, 1iabeTos0-
rii, Kapmiosorii Ta repiatpii [17]. [TpoTsarom ocraHHix ABOX
NeCATUIITh Oyau po3po0JieHi I OHOBJIEHI KII0YOBI KOH-
CEHCYCH 11010 KPUTEPiiB MiarHOCTUKU LIbOTO CUHIPOMY.
¥ 2023 potli MixXHapoiHa eKcrepTHa rpyrna onyonikysaia
OHOBJIEHY MixXHapoIHy HAaCTaHOBY IIOAO HiaTHOCTUKU Ta
BeneHHs nauieHTok i3 CITKS [16]. 3rigHo 3 Li€ro HacTaHO-
Boio giarHo3 CIIKA y nopocnux xxiHoK (= 18 pokiB) BcTa-
HOBITIOETBCST 32 HASTBHOCTI IBOX i3 TPhOX TAaKUX O3HaK [16]:

— 0J1iro- abo aHOBYJISALIiSI — MEHCTPYaIbHi LIMKJIU TpUBa-
JTicTIO TToHAA 35 AHIB a00 MeHIIe HiXK 8§ MEHCTpYyalliil Ha PiK;

— KJIiHiYHa Ta/a060 GioXimMiyHa TirepaHIpOTeHist;

— TOJIKICTO3Hi IEUHNUKM 3a TAHUMU YIBTPa3ByKOBOTO
nocmimkeHHst (Y3/1): HassBHicTh > 20 ho1iKyJliB iameTpom
2—9 MM B OIHOMY SIEYHUKY 200 00’eM sieuHnKa > 10 mu (3a
BiJICYyTHOCTI TOMiHAaHTHOTO (hoJTiKys1a 200 KOBTOTO Tija).

Axio nBa mepiri KpuTepii HasiBHi, BU3HAYEHHSI PiB-
HsI aHTUMIOJUIEpOBOTO ropMoHy (AMI') Moxe BUKOpHC-
TOBYBAaTUChH SIK ajbTepHaTUBa Y3/l Yy 10pOCIUX KiHOK JUISI
BCTAHOBJICHHSI AiarHO3Y i MiATBEPIXKEHHSI TOJIiKiCTO3HOTO
¢enoruny [16]. s 1abopaTopHOi JiarHOCTUKU PEKOMEH -
NYETbCS BU3HAUUTU: 3arajibHUI Ta BUIBHUI TECTOCTEPOH;
SHBG (sex hormone-binding globulin); iHgeKC BiabHMX

aanporeHiB (FAI); anopocTeHmioH i merigpoeriaHapocTe-
pony cyiabdat (DHEA-S); moreinizyrounii ropmon (JIT),
donikynoctumymorouunii ropmoH (OCT') Ta ix criBBigHO-
meHHs1; AMTI; rmoko3y Harie, iHeyniH i HOMA-IR (abo
HbAIc); nininu ta piBeHs Bitaminy D. Ilepen BctaHOBIEH-
HsM aiarHo3y CITKS HeoOXinHO BUKITIOYUTH iHIITI €TioNorii,
CJIil JOCHIAUTU: B-XOPiOHIYHUIT TOHATOTPOITiH JIONUHU
(BaritHicTb), TUpeoTponHuii ropmoH (TTT) i BinbHMIT TH-
pokcuH (BT,) (marosorisi LIUTONMOAIOHOT 3a71031), TTPOJIaK-
TUH (TineprpoaakKTUHEMIsT), BUTbHUI KOPTU30J B TOOOBIit
cedi, 1060BUii Mpodib KOPTU30JY B CUPOBATIIi KPOBi, TECT
i3 nekcaMmeTrazoHoM (cuHapoM KyimHra), coMaToTponHuii
TOpPMOH (TTpH TTif103pi Ha aKkpomeratito). KiirouoBi mosioxeH-
Hs1 BUKJIaneHo y MixkHapoIHili ToKa30Biii HACTaHOBI 3 Jia-
THOCTUKU Ta BEIACHHSI CUHAPOMY MOJIiKiCTO3HUX SIEYHUKIB
(PCOS, 2023) [16]:

— PEKOMEHJI0BAaHO BUKOPUCTOBYBATU OHOBJIEHI KpU-
Tepii, 110 repeadavaoTb MOXIUBICTh 3aMiHU Y 3/] Bu3Ha-
YeHHSIM piBHSI AMI;

— HeOOXiTHO 3MiCHUTU KOMIUIEKCHY OLIIHKY PeIpo-
yKTUBHOTO, METabOJIIYHOTO, CEPLIEBO-CYIUHHOIO Ta MCU-
XOJIOTIYHOTO CTAaTyCy MalliEHTKM;

— PpO3pOOUTU iHAMBIAYaAbHI MJIAaHW MEIUYHOTO HaIJIsI-
Iy 3 aKIIEHTOM Ha (h)OpMYBaHHSI 3I0POBOTO CIIOCO0Y KUTTS
Ta 3arro0iraHHs HagMipHili Ba3i. PekoMeHIy€eThCsT BIpoBa-
JI>KeHHS iIHTErpOBaHUX MoJe/Iel i 3a0e3MeYeHHsI CITiIb-
HOTO IIPUIHATTS pillleHb JIiKapeM i Iamie HTKOIO;

— ¢apmakoTeparisi, 30KkpemMa MeTPOpPMiH Ta KOMOi-
HoBaHi opanbHi KoHTpauentusu (KOK), 3anumraerscs
OCHOBOIO JIiKyBaHHSI. PeKOME@HI0BaHO pO3IJSTHYTHU 3a-
CTOCYBaHHS iHO3UTOJIIB IS TIOJIIIIIEHHSI METa0OIiYHUX
MOKAa3HUKIB, CTUMYJISILIT OBYJISILIIT Ta 3MEHIIIEHHSI TTPOSIBIiB
ripcyTusMy;

— HEeOOXiITHO IIPOBOAUTH CKPUHIHT Ta aAecKBaTHE JIi-
KYBaHHS JIeNpecii il TPUBOTU, TAKOX Ba>KJIMBO TMOJIIMIINATH
00i3HaHICTh XKiHOK Ta MEAUYHMX MPalliBHUKIB IIOAO CyJac-
HuX mmigxonis no BeneHHst CITKS;

— YCiM MalieHTKaM PEKOMEHIYEThCS OLiHKA BYTJIEBO-
HOTO OOMIHY ITiIl Yac TIepIIOro Bi3UTY Ta KOXHi 1—3 poku
3aJIeXKHO Bil YMHHUKIB pu3uKy po3BuTky LII. [IpoBeneHHs
OTTT pexomeHmoBaHo XxiHkaM i3 IMT > 25 kr/m?, mopy-
LIEHHSIM likeMii HaTiie, nopyieHHs M OTTT B aHamHe3i,
recTaliiiHUM J1iabeToM B aHaMHE3i, OOTSIKEHOIO CITagKo-
BicTio 3a LIJI2 i MmeTabomiyHMME (paKTOpaMM pU3HMKY. TecT
OTTT HeoOXigHO BUKOHYBATH Y BCiX Ialli€EHTOK, SIKi Iia-
HYIOTb BariTHICTh a00 JIIKYIOThCS i3 TPUBOLY O€3ILTiIIs.

TepaneBTUYHA TAKTUKA
i3 3acTocyBaHHAM MeTdopMiHy npu CMK4
MeTtdhopMiH SIK MOHOTEpAITisl MOXKe pO3TJISIIaTUCh Y T1a-
1ieHToK i3 IMT > 25 Kr/M? 3 MeTOI0 MOJIMIIIeHHST MeTabo-
JIIYHUX mapaMeTpiB, 30kpemMa [P, riaikemiuHoro npodginio ta
PiBHS JTiMiAiB. Y AiBUAT-TITITKIB MET(OPMiH TaKOX MOXKE
3aCTOCOBYBATHUCS JUISI PETYJISLIT MEHCTPYAJIbHOIO LIMKILY,
IpoTe M0Ka30Ba 0a3a IMIoa0 e(PEKTUBHOCTI TAKOTO ITiIXOMY
obMexkeHa. Y mamnieHTok i3 IMT < 25 kr/m? mpermapart Moxke
OyTH BUKOPHUCTAHMUU SIK MOHOTEepaIllisi, OAHAK i B LIbOMY
BUMAIKY J0Ka30Ba 06a3a 3aJIUILIAETHCS 0OMexeHo10. Met-
¢dopmiH Moxe OyTu nomaHuii o Teparnii KOK y naiieH-
TOK i3 ripcytuaMoMm Ta/abo nucMmeHopeeto, KOK mMoxyTb
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MpU3HAYATUCS MAlliEHTKAM, SIKi BXe OTPUMYIOTh MeTdOp-
MiH i3 IpUBOAY METa0OJiYHUX MOPYIIEHb, aCOLiOBaHUX
3i CIIKA. Kom6inauis KOK i MeTdopminy Moxke MaTu
nepeBaru Haja moHoteparielo KOK a6o merdopmiHoMm,
ocobsnBo y xkiHok 3 IMT > 30 kr/m?, (hakTropaMu pU3UKY
LIJ1 abo mopyIIeHO TOJIEPAHTHICTIO 10 TJIIOKO3U. Y pasi
HasIBHOCTI ITpoTUIIOKa3aHb 10 npusHaueHHss KOK moxHa
PO3MISIAATH TTPU3HAYEHHST MET(OPMiHY 1S TiIKYBaHHS Ta-
IIEHTOK i3 HEPEryJSIPHUMM MEHCTPYaIlisSIMU, TIPU TipCyTU3-
Mi PEKOMEHIOBAaHO 3aCTOCYBAHHS 1HIIUX TEpareBTUYHUX
migxoniB [16]. Ipu mpusHaueHHi MeTHOPMiHY HEOOXiTHE
CHiJIbHE MPUMAHATTS pillleHb JiKapeM i MalieHTKOI0 3 00ro-
BOPEHHSM JOLIJIBHOCTI Tepallii Ta MiaAKpecIeHHSIM TOTO, 110
MeT(hOPMiH Ta BeACHHSI aKTUBHOTO CMTOCOOY KUTTS MAalOTh
nonioHy e(peKTUBHICTh. Jlerki mobiuHi edpexT, 30Kpema 3
OOKY IIIYHKOBO-KUIIIKOBOTO TPaKTy, 3ajiexKaTh Bill 103U
npemnapaty. 3aCTOCyBaHHSI HU3bKMX 103 Ta IIperapariB i3
MPOJIOHTOBAaHUM BMBIJIbBHEHHSIM MOXe MiHiMi3yBaTH T10-
OiyHi e(heKTH i MOJIMIIUTU MPUXWILHICTh 10 JiKyBaHHSI.
PexomenmoBana MakcuMalibHa 1000Ba 1032 METGOPMiHY
CTAHOBUTH 2,5 T 11 JOPOCIUX Ta 2 T JUIsSl MimJiTKiB. J1oB-
roTpuBaje JiKyBaHHSI € O€3MeYHUM 3 OTJIsIAy Ha JOCBig
3aCTOCYBaHHS B iHIIMX Irpynax HaceJeHHsI, OMHaK CJIif
po3rIsiaaTy TToKa3aHHs 1S Hioro nmpusHadyeHHs. [Ipuitom
MeT(hOopMiHY MOXKe CIIPUYMHUTY 3HUKEHHS PiBHS BiTaMiHy
B,,, 0co6a1BoO B 0Cib i3 hakTOpaMu pU3UKY HU3BKOTO PiBHS
Bitaminy B,, (Hanpuknan, LI/1, cranu micist 6apiatpuuHux/
MeTaboJIiYHUX BTpy4YaHb, aHEMisl, BeraHChKa Ji€Ta TOIIO),
TOMY CJIill PO3IJISIHYTU MOXJIMBICTh MOHITOPUHTY [16].

MeTtdopMiH y nepioA BAriTHOCTI

3rigHo 3 pekomenaaiisimu ADA (2025) [19]:

— Monau@ikallisl Croco0y XUTTS € KJIIOUOBUM KOMITIO-
HEHTOM JIiKyBaHHSI TeCTaIlilfHOTO I[yKPOBOTO AiabeTy i Moxke
OyTH JOCTaTHBOIO TEpari€to 151 6araTboX nauieHTiB. [HCy-
JIIHOTEpaITiio CJIil JoAaBaTH 32 HEOOXiMHOCTI IS HOCSTHEH-
HsI LiJIbOBUX MOKA3HUKIB IIiKeMil. IHCyJIiH € mpenapaTom
BUOODPY IS JIIKyBaHHS I'eCTalliliHOTO IlyKPOBOIo IiabeTy Ta
1IJI2 11in yac BariTHOCTI;

— MeT¢OpMiH Ta I1idypua oKpeMo abo B KoMOiHallii He
CIIiI 3aCTOCOBYBATH SIK IIpernapaTy MepIIol JIiHil IIs JIiKy-
BaHHS Iia0eTy ITiJ yac BariTHOCTI, OCKiJIbKM BOHU TPOHUKA-
I0Th Yepe3 IVIALIeHTY 0 II0AA i MOXYTh OyTH HeIOCTaTHIMU
IUIST TOCATHEHHS TIIKeMIYHUX 1ijei. [Hii nepopanbHi Ta
HEIHCYJIiHOBI iH’€KLiIHI TTpenapaTu IJis 3HVXKEHHS PiBHSI
IJIFOKO3W HE MAlOTh JIaHUX 11010 JOBIOCTPOKOBOI Oe3MeKun
i He PEKOMEHIYIOThCS;

— K110 MeT(hOPMiH 3aCTOCOBYBABCS IJIs JTIKyBaHHS
CIIKA ta inayKiii oByJisiLii, #0ro TpUiioM CJtif TPUITAHUTH
JIO KiHIIS TIePILIOTro TPUMECTPY.

IlepopanbHi IyKpO3HMKYBaIbHI IIperrapaT MoOXHa
pO3IIsiAaTH K aJlbTePHATUBY JIMILIE IS BariTHUX 3 recta-
LHiTHUM niabeToM, SKUM TMoKa3zaHa MeIMKaMeHTO3Ha Tepa-
mist, ayie sIKi yepe3 piHaHCOBI TPYAHOIILL, OpaK HABUYOK 200
KYJIBTYPHI 0COOJIMBOCTI HE MOXKYTh O€31I€YHO Y1 e(DeKTUB-
HO 3acTocoByBaTHu iHcyJiH [19]. Uepe3 pu3uK 3aTpUMKU
BHYTPIITHBOYTPOOHOTO POCTY 200 alnI03y IpHU IJIalleHTap-
Hilt HemocTaTHOCTI MeT(HOPMiH IMTPOTUTIOKA3aHU I BariTHUM
i3 rinepTeH3i€lo, MpeeKIaMIICi€l0 YU 3 MiABUILEHUM pU-
3MKOM BHYTPILIHLOYTPOOHOI 3aTpUMKU pocTy 1uioga [19].

3rigHo 3 kiiHiuHow0 HactaHoBOW NICE NG3 «Diabetes
in pregnancy: management from preconception to the
postnatal period» (2020) XiHkaM i3 recTaiiHUM AiabeToM
i piBHEM TJTIOKO3M Harie < 7,0 MMOJIb/JT pEKOMEHIOBAaHO
JIIKYBaHHSI Ti€TOI0 ¥ (pisMyHUMMU HaBaHTaxeHHsIMU [20].
Axmio npotsiroM 1—2 THXKHIB He JOCSITHYTO LITbOBUX PiBHIB
rikeMii, pekoMeHmoBaHo noaatu Metdopmin [20]. VY pasi
Hee(peKTUBHOCTI MeT(POopMiHy a00 HASIBHOCTI ITPOTUIIOKA-
3aHb 0 Oro 3aCTOCYBaHHS CJill MpU3HAYaATH iHCYJiHOTe-
pamito. IHcymiH (3 MmeTpopmiHOM ab0 63 HBOTO) PEKOMEH-
JIOBAHO TTPU3HAYaTH HETaliHoO, SIKIIIO PiBEHb IIIOKO3M HATIIE
CTaHOBUTH > 7,0 MMOJIb/JI HA MOMEHT AiarHOCTUKU abo
SIKIIIO PiBEHb TJIIOKO3U HATIIEe CTAHOBUTH 6,0—6,9 MMOJTb/JT
y TIOENHAHHI 3 YCKJIAAHEHHSIMU BariTHOCTI (MaKpocoMis,
rinpamuion) [20]. Caix 3a3HaunTH, 1110 MET(POPMIH JIETKO
MPOHMKAE Yepe3 IJIALeHTy, B pe3yJIbTaTi YOTro piBeHb MET-
¢opMiHy B IYIIOBUHHIN KPOBi JOPiBHIOE a00 MEPEBUIILYE
piBeHb MeTdopMiHy B KpoBi Matepi. [IpoTe naHi KoropTHUX
JIOCJIiI)KeHb Ha OCHOBI PEECTPiB Ta OIyOJIiKOBaHUX Pe3yJib-
TaTiB MeTaaHaJIi3iB BKa3ylOTh Ha BiICYTHICTh ITiABUIIEHOTO
PU3UKY BPOIKEHUX aHOMaJIiii 400 TOKCUYHOCTI IS 1tona/
HOBOHAPO/IKEHOTO BHACTIIOK BIJIMBY MeT(hOPMIHY y Tie-
PUKOHUENUIHUI nepion Ta/abo 1mia yac BaritHocTi [21].
Mertaananis 24 nocmimkeHb 3a yuacTio 4355 ocid mpoaeMoH-
CTpPYBaB, 1110 MMpU NIpuitomMi MeTOpMiHy y AiTeii Tpu HApOI-
JKEeHHI CIIOCTepirajauch: HUXK4a Maca Tijla, HDKUYMIA pU3UK
MaKpOCOMil, HI>K4Ya 4acToTa TOCIiTali3alil HOBOHapOIKe-
HUX 10 BiUIJIEHHS iHTEHCUBHOI Teparlil Ta HUKYMIA pU3NK
HeOHaTaJIbHOI rinorikeMii Ha 45 % TOpPiBHSIHO 3 iHCYJIiHOM
(OP 0,65;95% 110,52—0,81; p = 0,0001) [22, 23]. JoBro-
CTPOKOBI JaHi 3a/IMIIAI0ThCS HEOAHO3HAYHMMU: YaCTUHA
nociimkeHs (Hanpukian, MiG TOFU) nosinomiisie ipo
6inpuri mokasHuku IMT i Tanii B miteit 4—9-piuHoro BiKy,
TOMi SIK iHIi BeJIUKi KOTOPTHI po6oTH ((PiHCHKUIA pEeECTp
> 10 000 BunanaKiB) TakMx BiAMiHHOCTE! He MiATBEPIKYIOTh
[24—27]. 3rinHo 3 pekomeHmanisimu ADA (2025) metdop-
MiH MOXe BUKOPHCTOBYBAaTHCH SIK aIbTepHATUBHUIL 3aci0
KOHTPOJIIO IJIiKeMii y 3KiHOK, SKUM IIpOTUIIOKa3aHa abo He-
JIOCTYITHA iHCcyTiHOTepartis [19].

MetdopMiH npu npeaiaderTi

3rigHo 3 HactaHoBaMu ADA «Standards of Medical Care
in Diabetes — 2025»:

— wMetdopMiH mis ipodinakTuku LIJ12 ciin po3rsiga-
TU Y DIOPOCJIUX i3 BUCOKUM pU3MKOM po3BUTKY LI/12, a came:
y oci6 Bikom 25—59 pokiB 3 IMT > 35 kr/m?%, piBHEM TITIOKO-
31 TUIA3MK Harie > 6 MMoJib/i1 Ta HbAlc > 6,0 %, a Takox y
JKiHOK i3 TeCcTalliifHIM IIyKpOBUM IiabeToM B aHaMHe3i [28];

— TpuBaJie 3aCTOCYBaHHSI MeT(OPMiHY MOXe OyTH
now’si3aHe 3 AedinuToM BiTaMminy B,,; ciig po3rasiHyTU
MOXJIMBICTb MEPiOANYHOI OLIiIHKM PiBHS BiTaMiHy B, B oci0,
SIKi JTIKyIOTbCSI MET(OPMiHOM, OCOOIMBO Y TUX, XTO CTPaX-
IIa€ Ha aHeMilo abo repudepudyHy Helipomnartiio [28].

JlaHi TOBroCTPOKOBUX AOCTIIXEHb IMiATBEPIXKYIOTh
e(eKTUBHICTb MeThopMiHy y ipodimakruii LIJ12. ¥ 3-piu-
HOMY paHIoMi3oBaHOMY nociimkeHHi Diabetes Prevention
Program (DPP; n = 3234) 3axBopioBaHicTh Ha 1IJ12 3HU-
sunacd Ha 58 % mnipu iHTeHCUBHI MoaudikaLii crmocoody
xuttst (ILS) i Ha 31 % npu 3actocyBaHHiI MeThOpMiHY
(850 mr aBiui Ha 100y) MOpPiBHSIHO 3 M1aLe6o [29]. I1pu no-
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nmanbiroMy crioctepeskeHHi DPP Outcomes Study (DPPOS;
n = 3195), ske tpuBaio 21 pik, BiTHOCHE 3HUXEHHSI pU-
3uKy 36epiramocs: ILS — hazard ratio (HR) 0,76 (95% 11
0,68—0,85), metrcdopmin — HR 0,83 (0,74—0,93) [30]. Lie
301IBIINIO MeIiaHy «KUTTS 0e3 niadeTy» Ha 3,5 poKy y Ipy-
mi ILS i Ha 2,5 poky y rpyni metdopminy [30]. [TinrpyrnoBuit
aHaJli3 MokKasas, 1110 a0COJIIOTHUI e(eKT, BUMIpSIHUI K
Pi3HULIST pU3UKIB MOPIBHSIHO 3 11ate0o, Bim ILS OyB Oib-
MM Y MAi€HTIB i3 BUIIMMU BUXITHUMU PiBHSIMM TTIOKO3U
Hartmie, HbAlc Ta CyKynmHUM KIIiHIYHUM PU3UKOM, TOMi
SIK MET(OPMiH JEMOHCTPYBAB HalBUIIYy €(DEKTUBHICTD Y
MoJioAuxX nauieHTiB [30].

BucHoBkMU

Metdopwmin € mpermapaTtom BUOOPY IS XKiHOK i3 MeTa-
OosiyHUMU nopyieHHsMU, 30kpema ripu CITKS ta npeni-
aberi. 3rigHo 3 pekoMmeHaauissmu ADA (2025) metdopmin
He € mpernapaToM Meplioi JiHil Tpu recraiiitHoMy aiaderi,
OIHAK MOXeE pO3IJsiaaTUcs, KOJIU iHCYyIiHOTepallisl Hel0-
crymnHa abo rpotunoka3aHa. BomHouac y HactaHoBi NICE
(2020) 3a3zHavyeHo, 110 MeTHOPMiH MOXe OYyTH MpU3HaYe-
HUI1 y pa3i Hee(peKTUBHOCTI Moandikallii crioco0y KUTTSI.
MeTtdopMiH TakoxX pekoMeHnoBaHO ADA (2025) st mpo-
(biaKTUKU IIYKPOBOTO NiabeTy 2-To TUILY Y HAIli€HTIB i3
BUCOKUM PU3UKOM HOTO PO3BUTKY.

KonduikT inTepeciB. ABTOpU 3asiBJISIIOTH PO BifICYTHICTb
KOHGJIKTY iHTepeciB Ta Bi1acHOI (hiHaHCOBOI 3alliKaBJICHO-
CTi TIpY MiATOTOBIII JAHOI CTATTi.

Buecok aBTopiB. YpoaHoBu4y A.M. — inest cTarTi, Orsi
Cy4YacHOI JliTepaTypy, KEpiBHULITBO Ta HallMCaHHS TEKCTY;
CinenpHuk H.fl. — odopmieHHs cTaTTi BiIOBiTHO 10 BU-
MOT KypHaJly, pefaryBaHHs Ta JOOIMPALIOBaHHS BilMOBITHO
IO 3ayBaKeHb.
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The role of metformin in the treatment of women
with metabolic disorders

Abstract. Background. Metformin is a first-line drug for the treat-
ment of type 2 diabetes mellitus (T2DM) due to its high efficacy,
safety and availability. Despite being one of the oldest hypoglycaemic
drugs, it remains highly relevant in current clinical practice. Materials
and methods. A literature search was conducted in PubMed, Scopus,
Web of Science, and Google Scholar using the following keywords:
metformin, type 2 diabetes mellitus, prediabetes, polycystic ovary
syndrome, gestational diabetes mellitus. Results. Metformin can be
used alone in patients with polycystic ovary syndrome and body mass
index (BMI) > 25 kg/m? to improve insulin sensitivity, glycaemic
control, and lipid metabolism. Metformin can be added to combined
oral contraceptive therapy in patients being treated for hirsutism and
dysmenorrhea. This combination may offer better clinical outcomes,
especially in women with BMI > 30 kg/m?, risk factors for diabetes,
or impaired glucose tolerance. According to the American Diabetes
Association (ADA, 2025), metformin is not a first-line treatment for

gestational diabetes but may be considered as an alternative to insulin
therapy when insulin is contraindicated or unavailable. NICE guide-
lines (2020) support the use of metformin in pregnant women with
fasting plasma glucose < 7.0 mmol/L if lifestyle modifications are
ineffective. Metformin is also recommended by the ADA (2025) for
the prevention of T2DM, particularly in adults aged 25—59 years with
BMI > 35 kg/m?, elevated fasting plasma glucose (= 6.0 mmol/L)
or glycated haemoglobin > 6.0 %, and in women with a history of
gestational diabetes. Conclusions. Metformin is the drug of choice
for women with metabolic disorders, particularly polycystic ovary
syndrome. It may be used as an alternative to insulin therapy in ges-
tational diabetes when insulin is unavailable or contraindicated. In
addition, metformin is recommended for the prevention of T2DM
in patients at high risk of its development.

Keywords: metformin; insulin resistance; polycystic ovary syn-
drome; gestational diabetes; prediabetes; review

(Cepen BenMKOI KiNbKoCTi MeTGOPMIHOBMICHUX NpenapartiB Ha BiTUM3HAHOMY $apmaLEeBTMYHOMY PUHKY Ha 0CO6NMBY YBary 3aC1yroByI0Tb OpUTiHaNbHI NiKapCbKi 3a-
cobu MMiokodax® (3Bnuaithmit methopmit) i Miokodax® XR (npenapat nposioHroBaHoro BuBinbHeHHs) [11. Miokodax® i Miokodax® XR cnpapnatTb aHTUrinepriike-
MiYHUi edeKT 3aBAAKM JeKiNbKOM MeXaHi3MaM: 3MeHLIEHHA NPOAYKYBaHHA TI0K03U B NeuiHL, 3MiHM 06MiHy F1toKo31 Ta Mikpobiomy KuweuHnka, aktvsauia AMOK i
TPaHCMOPTHOI 34aTHOCTI YCiX TUMIB MeMOpaHHUX NepeHoCHUKIB rmioko3n (GLUT). Crig 3ayBaxuTy, wo Miokodax® XR — opuriHanbHuit npenapar, nokasaHuil He Tinbkiu
ANA NikyBaHHA Aiabety 2-ro Tvny, ane i AnA itoro npodinakTnku 3rigHo 3 pekomengauiamu ADA 2025. Came opurikanbHi npenapatv [niokodax® i [miokopax® XR Burotos-
NAKTHCA HA BUPOOHMUNX MaiiaHumkax «Mepk CaHte» (OpaHuis), «<Mepk CJl» (IcnaHis) 3a noBHIAM 3aMKHEHMM LIMKNOM BUPOOHMLTBA [2].
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Prognostic value of depression severity indicators
for determining clinical outcomes
of sleeve gastrectomy in patients with obesity

Abstract. Background. Sleeve gastrectomy is an effective treatment for obesity with positive impact on patients’
physical and mental health components. However, the influence of bariatric intervention on mental state is complex
and insufficiently studied. The aim of the study was to characterize the prognostic value of depression severity in-
dicators for determining clinical outcomes of sleeve gastrectomy in patients with obesity. Materials and methods.
Clinical outcomes of 93 patients with obesity who underwent sleeve gastrectomy were analyzed. The group included
69 (74.19 %) women and 24 (25.81 %) men. Their average age was 42.20 + 11.09 years. The mean body mass
index at initial presentation was 46.23 + 7.65 kg/m¥. Clinical outcomes were determined according to the SF-BARI
QoL. Depression severity was assessed using the PHQ-9 questionnaire. Results. The mean clinical outcome of
sleeve gastrectomy in the long-term treatment period was 129.77 + 28.07 points, corresponding to very good values.
Excellent treatment results were found in 29 (31.18 %) patients, very good in 38 (40.86 %), good in 20 (21.51 %), and
satisfactory in 6 (6.45 %) subjects. The mean total depression severity score was 7.10 + 7.57 points, indicating mild
depression. No signs of depression were found in 15 (16.13 %) subjects, while 40 (43.01 %) showed minimal symp-
toms. Mild depression was detected in 10 (10.75 %) people, moderate in 9 (9.68 %), moderate-to-severe depression
in 13 (13.98 %), and severe depression in 6 (6.45 %) patients. Increased depression symptoms were associated with
significantly worse sleeve gastrectomy results (1 = —-0.74, p < 0.00001). The absence of depression was associated
with significantly higher chances of excellent treatment outcomes (odds ratio (OR) = 27.30, confidence interval (Cl)
(5.44—137.02), p = 0.0000004). Higher chances of very good clinical indicators were recorded in patients with minimal
(OR =12.89, Cl (4.69-35.44), p < 0.00000001), moderate (OR = 17.50, Cl (3.21-95.37), p = 0.0002), and moderate-
to-severe depression (OR = 94.67, Cl (10.66-840.77), p < 0.00000001). The presence of severe depression was
associated with satisfactory results of bariatric intervention in the long-term postoperative period (OR = 430.00, Cl
(22.40-8254.17), p = 0.0000001). Conclusions. The study confirmed the high clinical efficacy of sleeve gastrectomy in
treating patients with obesity. It was found that the presence of depression, particularly moderate, moderate-to-severe,
and severe, was associated with worse clinical outcomes of bariatric intervention in the long-term postoperative period.
Keywords: obesity; bariatric surgery; depression; sleeve gastrectomy; predictors

Introduction

Depression is a common comorbid condition in bariat-
ric patients [1, 2]. The prevalence of depression in patients
who have undergone metabolic bariatric surgery, according
to the literature, varies from 3.8 to 46.9 % [3, 4]. According
to T. Witaszek et al., every fifth patient notes symptoms of
depression after bariatric intervention [5].

Most researchers note a significant improvement in pa-
tients’ mental health, particularly a decrease in depression
symptoms, in the distant period after metabolic bariatric

surgery [6—8]. According to the results of an international
multicenter study by A. Paczkowska et al., conducted in Po-
land and Germany, researchers established a 18.3% decrease
in depression levels after metabolic bariatric surgery [6].
A more significant decrease in depressive disorders by 22.3 %
12 months after surgery was recorded in the By-Band-Sleeve
Collaborating Group (2024) study [9]. In the work of L. Ayl-
ward et al., the authors noted a significant improvement in
depression symptoms as early as 6 weeks and in the period
of 3—6 months after surgery [10]. In addition, a significant
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decrease in the severity of depressive disorder during the
first 3 years after surgery was confirmed by the results of a
systematic review by H.H. Loh et al. [11].

It is worth noting that the improvement in depression
symptoms after the third year of observation becomes less
pronounced, with some researchers noting a return of de-
pression symptoms to the level established before surgery
[12, 13]. The results of studying the long-term clinical ef-
fects of bariatric interventions and their relationship with
the severity of depressive disorder are less unambiguous
and require further research to understand the long-term
effects of metabolic bariatric surgery on mental health [7].
However, the multifactorial impact of metabolic bariatric
surgery on the mental component of health is obvious. Most
researchers associate the improvement in patients’ mental
health after metabolic bariatric surgery with weight loss,
increased self-esteem, and self-perception. Decreased de-
pression symptoms are associated with better quality of life
and higher motivation to maintain a healthy lifestyle [6].

In contrast, societal pressure to achieve an ideal body
image can lead to psychological stress and depression forma-
tion, especially in patients after surgery [1]. It is known that
the presence of depression affects patients’ satisfaction level
with surgical intervention results. Higher levels of depression
determined both before surgery and in the postoperative pe-
riods are associated with less weight loss and less decrease in
body mass index (BMI), recurrent weight gain episodes, and
eating disorders [1, 4]. Depression is associated with lower
quality of life, higher risk of suicidal thoughts, and suicide
attempts [1, 4, 14].

These data emphasize the complexity of the relationship
between mental health and weight loss results in patients
after metabolic bariatric surgery. Thus, the problem of inte-
grating mental health into the bariatric treatment process for
patients with obesity is a key link in achieving successful and
sustainable surgical intervention results. Studying the impact
of metabolic bariatric surgery’s clinical effects on the mental
health of patients with obesity is a relevant task of modern
medicine that requires further study.

Aim of the study was to characterize the prognostic value
of depression severity indicators for determining clinical out-
comes of sleeve gastrectomy in patients with obesity.

Materials and methods

We analyzed the long-term clinical results of sleeve gastr-
ectomy performed on 93 patients with obesity who were hos-
pitalized in the surgical department of modern and innova-
tive technologies of the Kyiv City Clinical Hospital 1 for the
period 2018—2022. The group included 69 (74.19 %) women
and 24 (25.81 %) men. The average age of the examined was
42.20 £ 11.09 years.

The mean BMI determined at initial presentation was
46.23 £ 7.65 kg/m?2. Obesity staging was performed based on
the BMI calculation.

The clinical outcome of sleeve gastrectomy was evaluated
using the Swiss-Finnish BARIatric metabolic outcome score
(SF-BARI Score), which allows assessment of categories
such as weight loss, comorbidity, and surgical complica-
tions. An additional criterion of the SF-BARI QoL scale is
the assessment of quality of life, which was performed using

the Moorehead-Ardelt QoL Questionnaire. The total result
established by the SF-BARI QoL questionnaire can vary
in the range from —130 to 230 points. Higher questionnaire
values are associated with better clinical treatment outcomes.

For screening, diagnosis, and monitoring of depression
symptoms, the Patient Health Questionnaire (PHQ-9) was
used, which includes 9 questions to characterize the main
symptoms of depression. According to the methodology, the
answer to each question was evaluated in the range from 0
to 3 points, where 0 points — absence of the symptom, and
3 points — daily manifestation of the symptom. The total
result of the questionnaire ranged from 0 to 27 points. A total
result of 0—4 points was evaluated as absence of depression
or presence of minimal disease manifestations, 5—9 points —
mild depression, 10—14 points — moderate, with indicators
of 15—19 points, severe depression was diagnosed, 20—27
points — very severe.

The study was conducted in accordance with the norms
and principles of the 7" revision of the Declaration of Hel-
sinki on Human Rights (2013), the Council of Europe Con-
vention on Human Rights and Biomedicine, as well as the
relevant laws of Ukraine.

Statistical processing of the obtained results was carried
out using the software package StatSoft Inc. Statistica 13,
using methods of nonparametric statistical data analysis.
For all quantitative indicators, the arithmetic mean values
(M) and standard deviations (SD) were calculated. Data are
presented in the format M *+ SD. The difference in values
between quantitative indicators in the formed groups was
evaluated using the Kruskal-Wallis criterion. To characterize
the connection between the studied features, Kendall’s rank
correlation coefficient T was used. The prognostic value of
depression symptom severity indicators for the clinical out-
come of sleeve gastrectomy was determined using the binary
logistic regression model, calculating odds ratios (OR) and
95% confidence intervals (CI). Differences were considered
statistically significant at p < 0.05.

Results

In the long-term period after sleeve gastrectomy, the ave-
rage treatment result of the examined was 129.77 + 28.07
points and corresponded to very good values. In the vast ma-
jority of patients — 38 (40.86 %), very good treatment results
were established, in 29 (31.18 %) persons — excellent, good
clinical indicators were recorded in 20 (21.51 %) patients,
in 5 (5.38 %) — poor, in 1 (1.07 %) examined, the results
were determined as suboptimal. Clinical data of patients with
poor and suboptimal values, due to their low frequency, were
combined into a group with satisfactory treatment results,
which included indicators of 6 (6.45 %) examined. Thus,
considering the established clinical result, 4 clinical groups
were formed among the examined.

The mean BMI determined at initial presentation was
46.23 + 7.65 kg/m?, in the long-term period after sleeve
gastrectomy — it was 28.90 £ 4.83 kg/m?. The average weight
loss in the examined was 37.09 £ 6.80 %.

The average total depression disorder severity indicator
of the examined was 7.10 = 7.57 points and corresponded
to mild depression. The average values of the total PHQ-9
result in the groups of patients with excellent — 1.76 £ 2.40
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Table 1. Characteristics of depressive disorder in the examined patients considering the clinical result
of gastric resection

PHQ-9 score, Clinical results of bariatric intervention, n (%)
points excellent very good good satisfactory s

Total, M + SD 1.76 + 2.40 3.76 £ 2.35 15.85 + 3.18 24.83 + 3.13 < 0.00001*
0 13 (44.83) 2 (5.26) 0 (0.00) 0 (0.00) < 0.00001*
1-4 11 (37.93) 29 (76.32) 0 (0.00) 0 (0.00) < 0.00001*
5-9 4 (13.79) 5(13.16) 1 (5.00) 0 (0.00) 0.56
10-14 1(3.45) 2 (5.26) 6 (30.00) 0 (0.00) 0.0005*
15-19 0 (0.00) 0 (0.00) 12 (60.00) 1(16.67) < 0.00001*
20-27 0 (0.00) 0 (0.00) 1 (5.00) 5(83.33) < 0.00001*

Note: * — statistically significant difference of indicators proven at p < 0.05.

points and very good — 3.76 + 2.35 points clinical indicators
indicated the presence of minimal signs of depression, while
the values of those examined with good — 15.85 * 3.18 points
and satisfactory treatment results — 24.83 + 3.13 points, in-
dicated moderate severity of depressive disorder and severe
forms of the disease, respectively, the difference is statistically
significant (p < 0.00001) (Table 1).

In addition, increased severity of depressive disorder
signs in the examined patients is associated with significantly
worse results of sleeve gastrectomy, which is confirmed by the
presence of a strong inverse correlation between the studied
indicators (t = —0.74, p < 0.00001) and is shown in Fig. 1.

Signs of depression are absent in 15 (16.13 %) examined
in the group, in particular in the majority of patients with
excellent results — 13 (44.83 %) and 2 (5.26 %) patients with
very good clinical indicators, in the rest of the groups, ques-
tionnaire values of 0 points were not recorded, the difference
in the obtained data is statistically significant (p < 0.00001).
Significantly better clinical treatment results were established
in patients without signs of depressive disorder (t = +0.43,
p = 0.0000000009).

In 40 (43.01 %) patients of the group, the presence of
minimal depression symptoms was observed, which was
determined in most patients with very good results — 29
(76.32 %) and 11 (37.93 %) patients with excellent treatment
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Figure 1. Scatter diagram of total PHQ-9 values
considering the clinical result of gastric resection

indicators. In the groups of patients with good and satisfac-
tory results of bariatric intervention, questionnaire values of
1—4 points were not recorded. When comparing the frequen-
cy of the studied feature in the formed groups, a statistically
significant difference in the results was proven (p < 0.00001),
the correlation between the indicators is significant, direct,
of weak strength (t = +0.21, p = 0.002).

Mild degree of depressive disorder was diagnosed in 10
(10.75 %) patients of the group, in particular in 4 (13.79 %)
patients with excellent results of bariatric intervention,
5 (13.16 %) patients with very good indicators, and 1 (5.00 %)
examined with good values. When comparing the studied
frequency characteristics considering the clinical result of
treatment, a statistically significant difference in indicators
was not proven (p = 0.56), a significant correlation between
the features is absent (t = +0.02, p =0.77).

In 9 (9.68 %) examined of the group, a moderate level
of depression was determined, signs of which were recorded
in the majority of patients with good results of bariatric in-
tervention — 6 (30.00 %), as well as 1 (3.45 %) patient with
excellent clinical indicators and 2 (5.26 %) persons with very
good values, the difference in frequencies is statistically sig-
nificant (p = 0.0005). In addition, the presence of question-
naire values of 10—14 points is associated with significant-
ly worse clinical results of stomach resection in the distant
postoperative period, which is confirmed by a weak inverse
correlation between the indicators (t = —0.18, p = 0.01).

Moderate-to-severe depressive disorder was established
in 13 (13.98 %) patients, in particular in the vast majority
of patients with good treatment results — 12 (60.00 %) and
1 (16.67 %) examined with satisfactory values of bariatric
intervention, the difference in frequency indicators is signi-
ficant (p < 0.00001). In the presence of moderate-to-severe
depression in the examined, significantly worse clinical re-
sults of stomach resection in the distant postoperative period
were proven (T = —0.39, p =0.00000004).

Severe forms of depression were recorded in 6 (6.45 %)
patients of the group, in particular in the vast majority of
patients with satisfactory treatment results — 5 (83.33 %)
and 1 (5.00 %) patient with good indicators. Considering
the clinical result of bariatric intervention, a statistically sig-
nificant difference in the frequency of the studied indicator
was proven (p < 0.00001). In addition, the presence of severe
depression is associated with significantly worse clinical re-
sults of stomach resection in the distant postoperative period,
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which is confirmed by the presence of a moderate inverse
correlation between the indicators (t= —0.34, p = 0.000001).

Analyzing the prognostic value of depression severity
indicators regarding the distant clinical result of metabolic
bariatric surgery, we proved that the absence of depression
signs is associated with significantly higher chances of for-
ming excellent results of stomach resection (OR = 27.30,
CI (5.44—137.02), p = 0.0000004) and lower risk of deve-
loping very good clinical indicators of bariatric intervention
(OR=0.18, CI (0.04—0.87), p=0.01) (Table 2). In patients
with questionnaire values of 1—4 points and accordingly with
the presence of a minimal level of depression, significantly
higher chances of forming very good results of bariatric in-
tervention were recorded (OR = 12.89, CI (4.69—35.44),
p < 0.00000001). Higher chances of developing very good
clinical indicators of stomach resection were recorded in pa-
tients with the presence of moderate depression (OR = 17.50,
CI (3.21-95.37), p = 0.0002) and moderate-to-severe de-
pression (OR = 94.67, CI (10.66—840.77), p < 0.00000001).
The presence of severe forms of depression is associated with
the formation of satisfactory results of bariatric interven-
tion in the distant postoperative period (OR = 430.00, CI
(22.40—8254.17), p = 0.0000001).

Discussion

Our results confirm the significant positive impact of
sleeve gastrectomy on the overall condition of patients,
particularly on weight loss indicators and mental health.
After surgery, a significant decrease in patients’ BMI was
achieved, indicating the effectiveness of the intervention in
treating obesity. In addition, the average weight loss indica-
tor — 37.09 £ 6.80 % indicates the high efficiency of surgical
treatment in the long-term perspective.

Signs of clinically significant depression in the examined
patients and accordingly PHQ values > 4 points were estab-
lished in 38 (40.86 %) patients, in 15 (16.13 %) examined —
signs of depression are absent, in 40 (43.01 %) patients of the
group, the presence of minimal symptoms was observed. By
the degree of depressive disorder severity, mild depression
was established in 10.75 % of cases, moderate — in 9.68 %,

moderate-to-severe degree was observed in 13.98 % of pa-
tients, in 6.45 % of observations, severe forms of the disease
were recorded. Our obtained indicators are somewhat higher
than the results of known studies, which is evidently related
to the war and combat operations on the territory of Ukraine,
and not a consequence of bariatric intervention. Thus, ac-
cording to the systematic review by Alyahya & Alnujaidi
(2022) and meta-analysis of data from 33 studies, which
covered the clinical results of bariatric treatment of 101,223
patients, among individuals who suffered from depression,
1.9 % had a severe form of the disease, 5.1 % — moderate,
and 64.9 % — minimal. Significantly higher indicators of
depression prevalence among patients after metabolic bariat-
ric surgery were established in the study by Alshammari et al.
(2022), in particular, 29.4 % of patients were found to have
signs of mild depression, 11.2 % — moderate, in 8.2 % of
cases — depressive disorder of moderate-to-severe degree,
in 4.4 % — severe forms.

According to our established data, better clinical results of
sleeve gastrectomy are associated with a lower level of depres-
sion. Patients with excellent and very good treatment results
had minimal or mild manifestations of depression, while
patients with good and satisfactory indicators more often
had signs of moderate-to-severe and severe depression. The
proven strong inverse correlation (t = —0.74, p < 0.00001)
between the level of depression and the effectiveness of sur-
gical intervention indicates the importance of psychological
support before and after surgery. Early diagnosis and treat-
ment of depression are important for the successful recovery
of patients after metabolic bariatric surgery. In particular,
routine psychological assessment before and after surgery is
recommended for preventing the development of potential
complications and improving treatment results [1]. Lesser
severity of depression symptoms is associated with higher
motivation of patients to maintain a healthy lifestyle and
accordingly better results of bariatric intervention [6]. In
contrast, a higher level of depression after surgery, according
to data from S.A. Alshammari et al., is associated with the
formation of a suboptimal treatment result, worse quality of
life indicators, and a lower weight loss indicator [4].

Table 2. Prognostic value of depression severity in determining the clinical result of stomach resection

PHQ-9 score, Clinical results of bariatric intervention
points excellent very good good satisfactory
OR =27.30 OR=0.18
0 Cl (5.44-137.02) Cl (0.04-0.87) p = 0.004 p=0.14
p = 0.0000004 p =0.01
OR =12.89
1-4 p=0.63 Cl (4.69-35.44) p = 0.0000001 p = 0.008
p < 0.00000001
5-9 p=0.48 p=0.54 p=0.28 p=0.23
OR =17.50
10-14 p = 0.009 p =022 Cl (3.21-95.37) p=0.26
p = 0.0002
OR =94.67
15-19 p = 0.001 p = 0.0001 Cl (10.66-840.77) p=0.85
p < 0.00000001
OR = 430.00
20-27 p=0.03 p =0.01 p=0.71 Cl (22.40-8254.17)
p = 0.0000001
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It is important to note that patients without depression
had significantly higher chances of developing excellent treat-
ment results (OR = 27.30, CI (5.44—137.02), p = 0.0000004).
In contrast, in the presence of severe forms of depressive
disorder, patients had higher risks of forming unsatisfactory
results of bariatric intervention (OR = 430.00, CI (22.40—
8254.17), p = 0.0000001). These data confirm the necessity
of screening the mental state of patients before surgery and
developing strategies for psychological support of patients
after surgical intervention.

Research results confirm the important role of postope-
rative psychological support of patients in forming sustainable
treatment results. According to data from A. Paczkowska et al.,
better weight loss results were established in patients who re-
ceived regular psychological help. Researchers emphasize the
importance of integrating mental health into the general plan
of obesity treatment [6]. Long-term psychological support
contributes to improving the clinical results of treatment and
increasing the overall quality of life of patients after bariatric
intervention, and also allows for timely detection and correc-
tion of possible complications or disease relapses [15—17].

Thus, the obtained results emphasize the importance of a
comprehensive approach to treating obesity, which includes
not only surgical intervention but also monitoring the mental
health of patients. Psychological factors can significantly
affect the long-term results of metabolic bariatric surgery,
therefore individualized support programs are a necessary
component of successful treatment.

Conclusions

We confirmed the high clinical effectiveness of the sleeve
gastrectomy method in treating patients with obesity.

It has been proven that the increase in the severity of de-
pressive disorder signs is associated with significantly worse
results of sleeve gastrectomy, which is confirmed by the pre-
sence of a strong inverse correlation between the studied
indicators (T = —0.74, p < 0.00001).

It was established that the absence of depression signs is
associated with significantly higher chances of forming ex-
cellent results of stomach resection (OR = 27.30, CI (5.44—
137.02), p = 0.0000004).

Factors that increase the chances of developing very good
clinical indicators of sleeve gastrectomy are the presence of a
minimal level of depression (OR = 12.89, CI (4.69—35.44),
p < 0.00000001), moderate depression (OR = 17.50, CI
(3.21-95.37), p = 0.0002), moderate-to-severe depression
(OR =94.67, CI (10.66—840.77), p < 0.00000001).

The presence of severe forms of depression is associated
with the formation of satisfactory results of bariatric inter-
vention in the distant postoperative period (OR = 430.00,
CI (22.40—8254.17), p = 0.0000001).
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Ckunba B.B., IsaHbKko O.B., arota L.l

HauioHanbHW MeanyHu yHiBepcuteT imeHi O.O. boromonsLsi, M. Kuis, YkpaiHa

MPOrHOCTUYHA LiHHICTb MOKA3HUKIB BUPCYKEHOCTI Aenpecii LOAO BUSHOYEHHS
KAIHIYHOTO Pe3yAbTATY PYKABHOI pe3eKLii LUAYHKC B MALIEHTIB 3 OXXUPIHHAM

Pesiome. Akmyaavnicms. PykaBHa pe3ekilist LLIyHKA € e(hEKTUB-
HUM METOJIOM JIiKyBaHHSI OKMPiHHSI, Pe3yJIbTaTH SIKOTO MO3UTUB-
HO BIUIMBAIOTh Ha (Di3MYHUIF Ta MEHTAJIbHUI KOMITOHEHTH 3110~
poB’s manieHTiB. OmHaK BILIMB 0apiaTPMYHOTO BTPYYAHHS Ha TICH-
XiYHUI CTaH MALliEHTIB € CKJIaIHUM Ta HEAOCTATHHO BUBYEHUM.
Mema: oxapakTepu3yBaTu MPOrHOCTUYHY LIIHHICTh MMOKAa3HUKIB
BUPAXKEHOCTI AETIPECUBHOTO PO3JIaly 1100 BU3HAYEHHS KJTiHiu-
HUX pe3yJIbTaTiB pyKaBHOI pe3eKIIii IITyHKa B 0Ci0 3 OXKMPIiHHSIM.
Mamepiaiu ma memoodu. I1poaHanizoBaHO KJIiHiUHi pe3yJIbTaTh
93 mauieHTIiB 3 OXUPIHHIM, y SIKMX 3aCTOCOBYBAJIM METOJIUKY
pykaBHOI pe3eklii nuryHka. Jlo rpynu BkiodeHo 69 (74,19 %)
KiHOK Ta 24 (25,81 %) yonoBiku. CepenHiil Bik 00CTEKEHUX —
42,20 = 11,09 poky. CepenHiit iHnekc Macu Tija, BUSHAYEHUI
MpY TIEPBUHHOMY 3BEpHEHHI, cTaHOBUB 46,23 + 7,65 kr/m?. Kiti-
HIYHUI pe3yJbTaT PyKaBHOI pe3eKii IJTyHKa BU3HAYaIW 3Tif-
Ho 3 MeTomukoio SF-BARI QoL. BupaxeHicTb AenpecuBHOTO
posnany oliHoBaiIu 3a onutyBaibHUKOM PHQ-9. Pezytsomamu.
CepenHiii KJIiHIYHUI pe3yJbTaT pyKaBHOI pe3eKIlii MIJIyHKa y
BimmaneHomy nepioni ctaHoBuB 129,77 + 28,07 6ana, mo 6yino
Iy>kKe XOpoIIUM MokasHukoM. Y 29 (31,18 %) naiiieHTiB BcTa-
HOBJIEHO BimMiHHI pe3ynbraTu jikyBaHHs, y 38 (40,86 %) —
nyxe xoporii, y 20 (21,51 %) — xopori, y 6 (6,45 %) obcTexke-
HUX — 3a10BIbHI. CepenHiil cyMapHUii MOKa3HUK BUPAXKEHOCTI
nemnpecii cranoBuB 7,10 = 7,57 Gana, 110 BiAMoBinaso Jerkomy
cryrnenio. O3Haku genpecii BincyTsi B 15 (16,13 %) Bumankax,

y 40 (43,01 %) ocib6 cniocTepiranu MiHiMaabHi cumnTomu. Jler-
KWiil piBeHb AEMPecuBHOTO po3iamny BctaHosieHo B 10 (10,75 %)
obcrexeHux, y 9 (9,68 %) — nomipuuii, y 13 (13,98 %) — ce-
PEIHBbOTSIXKKMUIA, ¥ 6 (6,45 %) xBopuX 3adhiKCOBAHO TSKKi hopMu
nenpecii. 3pocTaHHSI BUPaXKeHOCTi O3HAK ASIIPECUBHOTO PO3JIaLy
acollililoBaHO 3 BipOTiIHO TipIIMMU pe3yJbTaTaMU PYKaBHOI pe-
3ekirii nutyHka (t = —0,74, p < 0,00001). BigcyTHicTb aemnpecii
ITOB’s13aHa 3 BipOTiTHO BUIIMMU IIaHCAMU BiIMiHHUX PE3Y/IbTaTiB
LIbOTO BTpyuYaHHs (BimHomeHHs maHciB (BI) = 27,30, noBipunii
intepsai (1) (5,44—137,02), p = 0,0000004). Buii maHcu gyxe
XOPOUIUX KJIiHIYHUX MOKa3HUKIB 3a(iKCOBAHO B MALIEHTIB i3 Mi-
HimMasbHoto (BLI = 12,89, 11 (4,69—35,44), p < 0,00000001), rmo-
mipHoro (B = 17,50, A1 (3,21-95,37), p = 0,0002) Ta nemnpecieo
cepenHboro crymnens Tskkoceti (BIL = 94,67, 111 (10,66—840,77),
p < 0,00000001). HasgBHicTb TsKKMX (hopM memnpecii acouiiioBa-
Ha i3 3aIOBUIBHUMU pe3yJbTaTaMM 0apiaTpMIHOIO BTPYYaHHS
y BimpaneHoMy miciasionepaliiiHomy nepioni (BIL = 430,00, I
(22,40—8254,17), p = 0,0000001). Bucnosxu. J1oBeieHO BUCOKY
KJIiHIYHY e()eKTUBHICTb PYKaBHOI pe3eKlii IITyHKa B JiKyBaHHI
MMAlli€HTIB 3 OXKUPIiHHAM. BcTaHOBIEHO, 1110 HAsIBHICTH AeTpecii,
30KpeMa ITOMipHOi, CepeIHbOI Ta TSXKKO1, acoliiioBaHa 3 TipIIUMU
KJIiHIYHUMU pe3yJbTaTaMu 0apiaTpUYHOTO BTPYYaHHS Yy Bilaase-
HOMY MicisionepatiitHoMy nepiozi.

KiouoBi cioBa: oxupinns; 6apiarpyuuHa Xipypris; gempecis;
PYKaBHa pe3eKllisl IIITYHKa; MPeAMKTOPU
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Transforming growth factor beta 1 level
in differentiated thyroid tumors,
metastases and blood plasma

Abstract. Background. One of the most important tasks facing endocrine surgery is the determination of reliable
markers of metastasis in the treatment of papillary thyroid carcinoma (PTC). Markers that can be determined at
the stage of preoperative research are of particular value. Transforming growth factor 31 (TGF-B1) can be one of
these markers. The aim of the study was to compare the levels of TGF-1 in tissue samples of follicular adenoma,
goiter, PTC, metastases, and conditionally normal tissue. Materials and methods. Postoperative samples of tissue
and blood plasma obtained from the surgical department of the V.P. Komisarenko Institute of Endocrinology and
Metabolism of NAMSU clinic were used for research. The amount of TGF-1 was determined using enzyme immu-
noassay kits. Results. The level of TGF-31 in the tissue of follicular adenoma and nodular goiter exceeded the levels
in conditionally normal tissue by approximately 2 times. There was significant difference from conditionally normal
tissue in PTC tissues without metastases. The concentration of TGF-1 in the tumor tissue of PTC with metastases
was higher than in the conditionally normal tissue by almost 5 times and by 3 times higher than in PTC tissues
without metastases. It is important to note that the level of TGF-S1 in metastases was higher than in the adenoma
and goiter tissue but did not differ from tumor tissue of PTC without metastases. In blood plasma of patients with
PTC without metastases, the concentration of TGF-1 significantly exceeded that in controls, but did not differ from
patients with PTC and metastases. Conclusions. Our data indicate significant differences in the concentration of
TGF-B1 between tumor tissues of PTC with and without metastasis. In blood plasma of patients with PTC without
metastases, TGF-B1 level exceeded that in controls, but did not differ from patients with PTC and metastases.
Keywords: papillary thyroid carcinoma,; metastasis; transforming growth factor 1

Introduction

Metastases are the leading cause of death from malignant
tumors [1, 2]. The process of metastasis involves the exit of
cancer cells from the primary tumor, their transition into the
blood or other transport system and, finally, colonization and
proliferation in a distant organ [3, 4].

Genome sequencing of tumors has confirmed that trans-
forming growth factor-f3 (TGF-f3) superfamily members and
their mutations are driving forces in cancer pathogenesis |35,
6]. These include inactivating mutations in the TGF-BII
receptor, activin receptor 2A, and the downstream signaling
target SMAD4. TGF-f3 and activin are involved in the regu-
lation of cell proliferation, differentiation, migration, and

apoptosis. TGF-f induces activin secretion by tumor stromal
cells, which enhances cell migration [7].

The bioactivity of TGF-f is based on ligand-receptor
interaction which requires the exposure of its receptor-bin-
ding site. Thus, the activation of TGF-f3 represents the re-
lease of mature cytokine from the latent complex. Numerous
factors have been identified as TGF-[3 activators. Notably,
integrin-dependent activation is so far the best described
and likely the most important mechanism, while TGF-3
activation mediated by acids, bases, reactive oxygen species
(ROS), thrombospondin-1, proteases (MMPs), and other
TGEF-p activators is collectively known as integrin-indepen-
dent activation [8, 9].
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TGEF- signaling is associated with the activation of EMT
and the generation of cancer stem cells (CSCs). TGF-f3 binds
to the TGF-f receptor type 1 (TGFBR1) and TGFBR2 com-
plexes, leading to the phosphorylation of SMAD2/3, which
forms heteromeric complexes with SMADA4. Similarly, re-
cruitment of BMPs (bone morphogenetic protein) results in
the activation of SMAD1/5, which can also form a complex
with SMAD4. These trimeric SMAD complexes migrate to
the nucleus and activate the transcription of mesenchymal
genes. TGF-f signaling induces the formation of myofibro-
blasts, which secrete higher levels of TGF-[3, which support
epithelial-to-mesenchymal transition (EMT) in neighboring
carcinoma cells. In addition to signaling through cytokines
and growth factors, cancer-associated fibroblasts can alter
methylation patterns in genes that regulate EMT and induce
mesenchymal and CSC-like properties in cells. It has been
shown that increased levels of TFG-[31 are observed in CSCs
compared to more differentiated cells. Studies support the
role of Src in inducing the switch of TGF-f signaling from
tumor suppressive to oncogenic [10]. TG and NIS expression
in DTC cells is inhibited by TGF-f1. Inhibition of SMAD
pathways leads to increased uptake of RI by cancer cells.
SMAD?2/3 binds to PAXS8 and disrupts the transactivation of
Slc5a5, which is reversed by SMAD7 expression [11].

TGF-1 and MMP are particularly associated with invasion
and metastasis because they are able to degrade type IV colla-
gen, a major component of the basement membrane [12—15].

One of the most important tasks facing endocrine surgery
is the determination of reliable markers of metastasis in the
treatment of papillary thyroid carcinoma (PTC). Of parti-
cular value are markers that can be determined at the stage of
preoperative research. TGF-f1 can be one of these markers.

The aim of the study: to determine level of TGF-1 in
postoperative samples of follicular adenoma (FA), goiter,
multinodular goiter, PTC, metastases, compared with con-
ditionally normal tissue.

Materials and methods

The research protocol was approved by the Ethics Com-
mittee of the Institute. All patients signed informed consent for
further diagnostic and scientific research on their biomaterials.

Postoperative samples of follicular adenoma, 2 types of
goiter, PTC, metastases, and conditionally normal (non-tu-
mor or morphologically unchanged tissue) tissue, obtained
from the surgical department of the Institute’s clinic, were
used for research. Blood plasma were also analyzed. Blood
was obtained by standard venipuncture and stored in EDTA
tubes. Plasma was separated by centrifugation within 10 mi-
nutes after blood sampling. The concentration of protein in
cell lysates was determined according to Bradford [16]. Blood

controls were taken from healthy individuals without thyroid
and comorbid diseases.

Samples were stored at —80 °C until use. The amount of
TGF-B1 was determined using enzyme immunoassay Kkits
(FineTest®, China). Measurements were performed at an
optical wavelength of 450/630 nm on an immunoenzymatic
plate analyzer Stat Fax 3200 (Awareness Technology, USA).

Patients with PTC, PTC and metastases (Mts), follicular
adenoma and goiters (89 samples in total) participated in the
study. Group 1 included 8 samples with follicular adeno-
ma, group 2 included 8 samples with nodular goiter, group 3
included 8 samples with multinodular goiter, groups 4 in-
cluded 12 samples with PTC without metastases, group 5
included 24 samples with PTC and Mts. The concentration
of TGF-B1 in plasma of 9 patients with PTC without metas-
tases and 10 patients with PTC and Mts was also determined.
Plasma from 5 individuals without thyroid disease and other
chronic diseases, representative for age, was used as a control.

Statistical analysis and data presentation were performed
using Origin 7.0 software. The results of the study are pre-
sented as M * SE. Student’s 7-test was used to compare data
groups. Values of p < 0.05 were considered significant.

Results

Table 1 presents the results of the TGF-B1 detection in
the postoperative tissue of patients with PTC, FA and goiter.
No significant differences were observed between the con-
centration of TGF-f1 in tissue of multinodular goiter and
in the corresponding conditionally normal tissue. The level
of TGF-B1 in the tissue of follicular adenoma and nodular
goiter exceeded the levels in conditionally normal tissue by
approximately 2 times. There was also significant difference
between conditionally normal tissue and PTC tissues without
metastases. At the same time, the concentration of TGF-1
in the tumor tissue of the PTC with metastases was higher
than in the conditionally normal tissue by almost 5 times and
by 3 times higher then in PTC tissues without metastases. It
is important to note that the level of TGF-B1 in metastases
was higher then in the adenoma and goiter tissue but did
not differ from tumor tissue of the PTC without metastases
(Table 1). It is noteworthy that the level of TGF-[31 in nor-
mal tissue of patients with PTC is significantly higher than
in patients with goiter and adenoma. These data indicate
that, in the process of tumor progression, the surrounding
tissue also undergoes significant changes. It is important that
such changes occur both in the tumor itself and in the sur-
rounding, conditionally normal tissue, which is confirmed by
numerous data indicating the close interaction of the tumor
with the extracellular matrix, cells of the immune system,
and normal tissues [17—19].

Table 1. TGF-B1 quantity in the thyroid tissue of patients with PTC, FA and goiter (pg/mcg of total protein)

Tissue FA Nodular goiter Multinodular PTC without Mts PTC with Mts
(n=8) (n=8) goiter (n = 8) (n=12) (n=24)
N 14.70 + 1.31 15.55 +2.95 16.68 + 4.67 27.91 £ 2.36 30.43 +4.38
T 27.51 £ 1.30" 34.32 + 7.67* 17.44 + 2.56 45.38 + 9.81" 142.85 + 69.81*
Mts - - - 52.22 + 8.60™

Notes: N — conditionally normal (histologically unchanged) tissue; T — tumor tissue; * — significantly different
from conditionally normal tissue, P < 0.05; * — significantly different from all other samples, P < 0.05.
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Figure 1. TGF-B1 quantity in the blood plasma
of patients with PTC, pg/ml

Note: * — significantly different from control samples,
P < 0.05.

In blood plasma of patients with PTC without metasta-
ses, the concentration of the TGF-f1 significantly (~ 1.26
times) exceeded its level in control plasma (Fig. 1), but did
not differ from of the concentration of TGF-1 in the blood
of patients with PTC and metastases.

Discussion

An epithelial-mesenchymal transition is a complex develop-
mental process that allows polarized epithelial cells to suppress
their epithelial features and change to mesenchymal, ensuring
enhanced migratory capacity, invasiveness, and higher resistance
against apoptosis and anti-cancer drugs [20, 21]. TGF-B-media-
ted EMT and cancer metastasis [5, 9]. It is generally accepted
that TGF-f3 acts as a tumor suppressor during the early stages
of tumorigenesis but turns into a tumor promotor at later stages
of tumor development. Contrary to its role as a suppressor of
tumor growth, TGF-f3 generally acts as a promoter of tumor
invasion and metastasis especially in advanced tumors. Upregu-
lation of TGF-[3 as well as its receptors is associated with disease
progression and poor prognosis in some patients with tumors.
TGF-f-overexpressing tumor cells are more likely to undergo
the transition from epithelial cell phenotype into spindle cell
phenotype which is the most malignant and invasive cell type [8].

Several reports have noted that TGF-f plays a critical
role in the growth and differentiation of normal thyroid cells
[22]. It was noted that high TGF-[3 expression is closely as-
sociated with extrathyroidal extension, nodal metastasis [23].

An urgent task facing surgeons in the treatment of PTC is
the search for specific markers of Mts. The number of such mar-
kers is already several dozen, but it is still difficult to determine
whether Mts will form in thyroid carcinomas, as well as to predict
the development of radioiodine resistance of Mts. According to
our data, proliferating cell nuclear antigen [24] and the expres-
sion of a rare isoform of ribosomal kinase S6K — p60S6K [19]
are markers that can indicate the aggressiveness and metastatic
potential of thyroid tumors. We showed that level of TGF-f1 in
the PTC tissue significantly exceeded the level in conditionally
normal tissue. Other authors also have shown that TGF-31 ex-
pression are closely related to PTC progression and invasion [11].

Conclusions

The level of TGF-B1 in the tissue of follicular adenoma
nodular goiter and PTC exceeded the levels in conditionally
normal tissue.

The concentration of TGF-1 in the tumor tissue of the
PTC with metastases was higher than in the conditionally
normal tissue by almost 5 times and by 3 times higher then
in PTC tissues without metastases.

The concentration of TGF-31 in conditionally normal
tissue of the PTC is higher then in normal tissue of goiter
and adenoma.

The level of TGF-1 in the blood plasma was significant-
ly higher in patients with PTC than in healthy people.
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Ko6puHcbka H.S1., MNywkapboB B.M., Aedyk H.I., KoBayH O.1., KomicapeHko I.1., 'yaa B.b., TooHbko M.A.
AY «IHCTUTYT EHAOKPUHOAOTI TQ OO6MIHY peyosuH iMeHi B.I. KomicapeHka HAMH YkpaiHw», m. Kuis, YkpaiHa

PiBeHb TPpaHCHopmMytovoro pakrtopa pocty 6eta 1
Y AU EPEHLINOBAHUX MYXAMHOX LUUTONOAIGHOT 3AA03M, METACTA3AX TA NAC3Mi KPOBI

Pestome. Axmyaavnicmo. OnHuMm i3 HAMBAKIMBIIINX 3aBIaHb, 110
CTOSITh TIepel €HAOKPUHHOIO Xipypri€lo, € BU3HAYEHHST HamiliHUX
MapKepiB MeTacTa3yBaHHS TIpU JIIKyBaHHI HaIISIPHOI KAPLIUHOMU
muTornonioHoi 3amo3u (ITKIL3). OcobmuBy LiHHICTS MatOTh MapKe-
pU, sIKi MOKHA BU3HAUYMTH Ha eTarli epeaonepaliitHoro 10c/imKeH-
Hea. OgHUM i3 HUX Moxe OyTH TpaHchopmyrouuit hakrop pocty 31
(TGF-B1). Memoro docaioncenns 6yno nopiBHsiHHs BMicTy TGF-31
y 3pa3Kax TKaHUH (hoJTiKy/IsIpHOI aneHomu, 300a, ITKII3, meTacTasiB
1 yYMOBHO HOPMaJTbHOI TKaHWUHU. Mamepiaau ma memoou. [1jist noci-
IDKEHHSI BUKOPMCTOBYBAJIM TIiCIISIONIEpaLliiiHi 3pa3Ky TKAHVH i TU1a3-
MM KpPOBi, OTpMMaHi B XipypriyHOMY BifUTiIeHHi KJIiHiKA [HCTUTYTY
E€HIOKPUHOJIOrII Ta 00MiHY pedoBuH iM. B.I1. Komicapenka. Ymict
TGF-f1 Bu3Ha49am 3a 1OITOMOT00 HAOOPIB ISl iMyHO(EPMEHTHOTO
aHamizy. Peayavmamu. Y TKaHUHI (hOJTIKy/ISIPHOI aIEHOMM Ta BY3JI0BO-
ro 300a piBeHb TGF-B1 0yB mpu6mM3HO y 2 pa3u BUILE, HXK B YMOBHO
HOpMaJIbHil TKaHUHi. CriocTepiranacst BiporiaHa pisHULIS MiX yMOB-
HO HOPMAaJIbHOIO TKAHWHOIO Ta MyXJMHHOIO0 TKaHuHoto [TKII3 6e3

meractasiB. Konuenrpattiss TGF-B1 y myximuniii tkanuni [TKLL3 i3
MeTacTa3aMu OyJsia Maiike B 5 pasiB BUIIIOIO, HiXK B YMOBHO HOpMaJlb-
Hilf TKAaHWHI, Ta BTPUYi BUIIOI0, HDK Y MyXJIMHHIN TKanuHi [TKII3
0e3 MeTtacTasiB. BaxuimBo 3a3HaunTi, o pisenb TGF-fB1 y meracra-
3ax OyB BUIIIMM, HiX B aIecHOMi if TKaHMHi 3004, ajie He BiApi3HSIBCS
Bin Takoro B myxiuHHi# TKannHi [TKIL3 6e3 meracTasiB. Y 1ura3mi
kposi nauieHTis i3 [TKI3 6e3 meracrasiB koHueHtpauiss TGF-f1
OyJ1a BipOTiTHO BUILIOIO 32 TPYITy KOHTPOJIO, ajie He Bimpi3HsLIacs Bil
piBHS 1MTOKiHY B mamieHTiB i3 [TKII3 Ta MeTactazamu. Buchoeku.
OTtpuMaHi 1aHi BKa3ylTh Ha 3Ha4Hi BITMiHHOCTI 1010 KOHIIEHTpaLlii
TGF-f1 Mix myXIMHHUMU TKAHWUHAMMU MATUISIPHOTO PaKy ILIMTOIO-
niOHOT 331031 3 MeTacTa3aMH Ta 6e3 HUX. Y TIjIa3Mi KpOBi MMaIliEHTiB
i3 [TIKIII3 6e3 metacrasiB KoHueHTparlist TGF-31 Oyna BuIoro, Hix
y KOHTPOJIi, ajie He Biapi3HsIacs Bill piBHSI LIMTOKIHY B MALIIEHTIB i3
TATIIPHAM PaKOM IIUTOIIONIOHOT 3aJI031 Ta MeTacTa3aMH.
KirouoBi cjioBa: nanisgpHuii pak IMTOMOLIOHOT 3aJ1031; Me-
TacTasu; TpaHchopMytounii (hakTop pocty 1
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Nutritional freatment in patients
with cardiovascular diseases, hepatic steatosis
and metabolic disorders

Abstract. Background. Cardiovascular diseases remain the leading cause of death in both men and women in
industrialized countries. They encompass a variety of conditions, including cerebrovascular disease, peripheral ar-
terial disease, atherosclerosis, and deep vein thrombosis. Non-alcoholic fatty liver disease (NAFLD), also referred
to as metabolic dysfunction-associated steatotic liver disease, is characterized by the presence of macro-vesicular
steatosis without significant inflammation or alcohol consumption. The purpose of this study was to evaluate the
health outcomes associated with the administration of supplements and dietary protocols, developed by the resear-
cher, in patients with various metabolic disorders, including cardiovascular diseases, NAFLD, hypertension, obesity,
and type 2 diabetes mellitus. Materials and methods. This study was conducted across the territory of Kosovo,
targeting patients who sought treatment for specific health issues. The study period spanned from March 2023 to
June 2024, involving participants aged over 18 years, with the main group aged 23—62 years and the control group
aged 25—-60 years. A total of 73 patients were included, with 33 in the study group and 40 in the control group. The
average age of participants was 42.59 + 12.05 years. Results. Statistically significant differences (p < 0.05) were ob-
served between the study and control groups for several key parameters, including triglycerides (TGL), high-density
lipoprotein (HDL), body mass index (BMI), and the homeostasis model assessment of insulin resistance (HOMA-IR).
Additionally, significant improvements (p < 0.05) were noted within the study group after 3—-6 months of nutritional
treatment, particularly in the following diagnostic parameters: TGL, HDL, alanine aminotransferase, BMI, HOMA-IR,
and vitamin D. Conclusions. Our study demonstrates that the diet and nutritional supplements recommended by
the researchers led to significant improvements in the study group compared to the control one (p < 0.05).

Keywords: cardiovascular diseases; hepatic steatosis; type 2 diabetes mellitus; nutritional supplements; vitamin D;

HOMA-IR

Introduction

Cardiovascular diseases (CVD) remain the leading cause
of death in both men and women in industrialized countries,
despite significant advancements in reducing their associ-
ated mortality rates. These diseases continue to represent
a major healthcare challenge globally [1]. The umbrella of
heart diseases encompasses a range of conditions such as
cerebrovascular diseases, peripheral arterial diseases, athero-
sclerosis, and deep vein thrombosis. Coronary heart disease
(CHD), a form of CVD, involves the blood vessels supplying
the heart muscle and is commonly referred to as ischemic
heart disease (IHD). Acute myocardial infarction is a critical
manifestation within this category. Cerebrovascular diseases

are classified into ischemic and hemorrhagic categories, with
stroke being a prominent example of ischemic cerebrovas-
cular events, accounting for approximately 85 % of strokes.
Hemorrhagic strokes include intracerebral hemorrhages and
subarachnoid hemorrhages [2].

Psychosocial factors, including acute stress, lack of so-
cial support, limited economic resources, and psychological
depression, have been identified as significant risk factors
for coronary disease. Research into psychosocial risk fac-
tors has led to the development of various behavioral and
psychosocial interventions aimed at the prevention and
management of coronary disease, particularly in high-risk
populations [3].
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Among modifiable risk factors, diet plays a pivotal role
in the prevention of CHD, with evidence suggesting that
dietary fat intake directly influences CHD risk. Over time,
research has shifted towards studying overall dietary patterns,
considering the collective impact of all consumed foods and
beverages. Epidemiological studies and randomized con-
trolled trials have consistently demonstrated that adherence
to “healthy” dietary patterns is associated with a reduced
risk of CHD [4].

The World Health Organization (WHO) estimated that
approximately 20 million deaths were attributed to CVDs
in 2015, underscoring the disease’s prominence as a leading
cause of global mortality [5]. One pathophysiological factor
contributing to cardiovascular diseases is oxidative stress,
which results from an imbalance between reactive oxygen
species (ROS) production and the body’s ability to neutralize
oxidative damage. This imbalance is thought to play a critical
role in the progression of CVDs [6].

Non-alcoholic fatty liver disease (NAFLD), also referred
to as metabolic dysfunction-associated steatotic liver disease
(MASLD), is characterized by the accumulation of fat in
liver cells in the absence of significant alcohol consumption
[7]. NAFLD is further classified into two subgroups: non-al-
coholic fatty liver (NAFL), which is the presence of hepatic
steatosis without hepatocellular injury, and non-alcoholic
steatohepatitis (NASH), which involves hepatic steatosis
along with inflammation and hepatocyte injury [8]. NASH
can progress to more severe conditions such as advanced
fibrosis, cirrhosis, and hepatocellular carcinoma [9, 10].

Silymarin, a flavonoid extracted from milk thistle seeds,
has been used for centuries in treating liver diseases. Pre-
clinical studies have indicated that silymarin may mitigate
oxidative stress and protect liver cells from cytotoxic da-
mage, particularly in cases of liver injury [11]. High-density
lipoprotein cholesterol (HDL-C) is another crucial factor in
cardiovascular health. Epidemiological studies have shown
an inverse relationship between HDL-C levels and cardio-
vascular risk. Pharmaceutical interventions, particularly with
niacin, have been shown to increase HDL-C levels, thereby
reducing cardiovascular risk [12].

Resveratrol, a polyphenol found in certain plant pro-
ducts, has gained attention for its potential to manage heart
failure and prevent cardiovascular disease, largely due to its
antioxidant and anti-inflammatory properties [13].

Matrix GLA protein (MGP), a protein present in the
heart, kidneys, and lungs, plays a vital role in vascular cal-
cium metabolism. It is stimulated by vitamin D, but requires
vitamin K, for activation. Once activated, MGP can seques-
ter calcium, preventing its deposition in arterial tissues [14].

Nutritional deficiencies in patients with NAFLD often
include excessive intake of carbohydrates and fats, along-
side deficiencies in unsaturated fatty acids, vitamins, and
minerals. Despite the necessity of dietary interventions for
NAFLD, maintaining long-term adherence to such therapies
is often challenging due to patients’ lifestyle choices and
fluctuating motivations for treatment [15].

Tauroursodeoxycholic acid (TUDCA) has demonstra-
ted potential therapeutic benefits in alleviating liver dama-
ge associated with cholestatic liver diseases. Studies show
that TUDCA treatment can reduce bile acid retention and

alleviate liver injury by modulating several key pathways,
including the activation of nuclear factor erythroid 2-related
factor 2 (Nrf2) [16, 17].

Furthermore, the Homeostasis Model Assessment of
Insulin Resistance (HOMA-IR) is an effective biomarker
for identifying non-alcoholic fatty liver disease, particularly
in non-diabetic individuals [18]. Resveratrol’s antioxidant
and anti-inflammatory properties, coupled with its ability
to modulate metabolic and cellular longevity pathways,
offer significant therapeutic potential for cardiovascular
disease [19].

Nicotinamide adenine dinucleotide (NAD+), a key co-
enzyme involved in numerous cellular processes, has shown
promise in modulating CVD-related pathways, improving
metabolic health, and supporting vascular function. Emer-
ging data suggest that NAD+ supplementation may slow
aging and mitigate cardiovascular diseases through sirtuin-
dependent and independent mechanisms [20].

Early detection of insulin resistance (IR) using the
HOMA-IR index, combined with dietary and lifestyle inter-
ventions, has been shown to reduce the progression of CVD,
liver damage, and other metabolic complications.

The primary objective of this study was to evaluate the
health outcomes associated with the administration of sup-
plements and dietary protocols, developed by the researcher,
in patients with various health conditions, including cardio-
vascular diseases, liver disorders, hypertension, elevated body
mass index (BMI), and type 2 diabetes mellitus. The study
involved the monitoring of participants through laboratory
analyses conducted monthly (every 30 days) over a period
ranging from 3 to 6 months. Changes in vital parameters were
assessed through both laboratory measurements and clinical
examinations conducted at three-month intervals.

Statistical analysis was performed using SPSS software,
version 22, with a significance level set at p < 0.05. The
researcher had full access to all clinical, biochemical, and
anthropometric data of the participants, and had the oppor-
tunity to provide individualized treatment during the study
period.

Ethical considerations. To ensure the integrity and validity
of the research, the authors maintained full ownership of all
relevant data. Furthermore, the authors were granted per-
mission to access specific data from the laboratory, ensuring
the accuracy and transparency of the findings. All procedures
adhered to ethical guidelines to protect participant confiden-
tiality and ensure compliance with research standards.

Materials and methods

This study was conducted across Kosovo from March
2023 to June 2024, involving patients who sought treat-
ment for various health conditions, including hypertension,
cardiovascular diseases, obesity, hepatic steatosis, chronic
kidney diseases, chronic fatigue, type 2 diabetes mellitus,
and other related disorders. The study participants were
required to be over the age of 18, with the working group
ranging from 23 to 62 years, and the control group from 25
to 60 years. A total of 73 patients were included in the study,
with 33 individuals in the study group and 40 in the control
group. The average age of participants in the study group was
42.59 + 12.05 years (Table 1).
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Patients were enrolled based on the presence of one or
more of the aforementioned health conditions. Exclusion
criteria included contraindications to dietary modifications
or fasting, as well as the presence of severe comorbidities or
acute complications. Written informed consent to participate
was obtained from all participants.

Both the study and control groups underwent compre-
hensive laboratory evaluations. The biochemical markers
analyzed included the following: cardiovascular disease
parameters: total cholesterol, triglycerides, high-density
lipoprotein (HDL), low-density lipoprotein (LDL), very
low-density lipoprotein (VLDL), total bilirubin, direct bili-
rubin, aspartate aminotransferase (AST), alanine amino-
transferase (ALT), gamma-glutamyl transferase (GGT), al-
kaline phosphatase (ALP), body mass index (BMI), glycated
hemoglobin (HbAlc), Homeostasis Model Assessment of
Insulin Resistance (HOMA-IR), and vitamin D levels; he-
patic steatosis parameters: ALP, ALT, GGT, lactate dehy-
drogenase (LDH), total and direct bilirubin.

All laboratory analyses were performed at Alpha Labo-
ratory in Peja using Roche equipment, including the
Roche-Integra 400 Plus and Roche-Cobas e411 systems.

A detailed clinical examination was conducted to assess
symptoms indicative of cardiovascular and hepatic conditions.
Cardiovascular disease symptoms evaluated included rapid
heartbeat, excessive sweating, mental confusion, difficulty
breathing, dizziness or sudden unexplained loss of conscious-
ness, chest pain or discomfort (in the upper body, arm, jaw,
back, or neck), pressure or heaviness in the chest, heartburn,
indigestion, nausea, vomiting, peripheral edema (swelling in
the lower body and legs), fatigue, sleep disturbances, into-
lerance to physical activity, and fever. Causes of cardiovas-
cular disease considered included coronary artery disease,
genetic predisposition, kidney dysfunction, infections, thyroid
disorders, rheumatic diseases, aging, myocardial infarction,
autoimmune diseases, pregnancy, certain medications (e.g.,
chemotherapy), substance use (alcohol, cocaine, metham-
phetamine), hypertension, and arrhythmias. Hepatic ste-
atosis symptoms: as fatty liver disease is often asymptomatic,

symptoms that were considered in the study included fatigue,
generalized discomfort, right upper abdominal pain, pruritus
(itchy skin), abdominal swelling, dyspnea, peripheral edema,
spider angiomas, splenomegaly, palmar erythema, and jaun-
dice (yellowing of the skin and sclera).

Statistical analyses were performed using appropriate
methods to compare the clinical and biochemical parameters
between the study and control groups. A significance level of
p < 0.05 was considered statistically significant.

Results

In this study, changes in laboratory parameters of patients
in the study group were evaluated before and after a 6-month
treatment period, including dietary interventions and vita-
min supplementation (Table 2). The results show significant
improvements in several key parameters of metabolic and
cardiovascular health (Table 3).

Pre-treatment results showed high triglyceride levels
(3.11 £ 1.19 mmol/L), whereas after treatment, the level de-
creased to 1.31 + 0.31 mmol/L, with a statistically significant
change (p = 0.045). This improvement indicates a positive
impact of the treatment on lipid metabolism and may con-
tribute to reducing the risk of cardiovascular diseases.

A noticeable increase in HDL (good cholesterol) from
0.99 £+ 0.20 mmol/L to 1.41 + 0.40 mmol/L (p < 0.0002)
suggests a significant improvement in the lipid profile of the
patients after treatment. The increase in HDL is important
as this type of cholesterol has a protective effect against car-
diovascular diseases.

A statistically and clinically significant reduction in ALT
(from 38.77 £ 24.50 U/L to 20.91 £ 3.10 U/L, p = 0.0012)
indicates an improvement in liver function, which is an im-
portant indicator of liver health. This improvement may be
a direct consequence of dietary interventions and supple-
mentation.

A dramatic decrease in BMI from 29.43 + 2.98 to
22.77 = 1.75 (p < 0.00001) suggests that the treatment had a
powerful effect on weight reduction, a key factor in managing
metabolic syndrome and cardiovascular diseases.

Table 1. Tabular presentation of patients

Study group Control group
Parameters
Frequency Percentage Frequency Percentage

Gender
Male 29 87.88 35 87.5
Female 4 12.12 5 12.5

Disease
Hypertension 8 24.24 XX XX
Cardiovascular disease 18 54.55 XX XX
Chronic kidney disease 4 12.12 XX XX
Type 2 diabetes 3 9.09 XX XX

Family history
Yes 28 84.85
No 5 15.15
Age, mean x SD (range), years

Study group 41.26 + 12.35 (23-62)
Control group 37.52 + 8.65 (25-60)
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Table 2. Laboratory parameters in study and control groups

Parameter Stud}\lng;?‘uje gl‘)= 33) ContrcI\JnI egarr? :ps(g =40) T-value P-value
Total cholesterol (< 5.7 mmol/L) 6.12 + 3.17 5.01 +3.10 0.012 0.062
TGL (< 2.3 mmol/L) 3.11+1.19 1.21+0.24 1.75 0.043
HDL (> 1.4 mmol/L) 0.99 +0.20 1.34 £ 0.27 -5.40 < 0.00001
LDL (< 4.2 mmol/L) 4.00+1.16 3.185 + 1.330 —-0.027 0.201
VLDL (0.2—1.8 mmol/L) 1.49 £ 1.92 1.28 +1.47 0.023 0.311
Total bilirubin (5.1-21.0 pymol/L) 15.23 +7.32 13.88 + 5.32 -0.127 0.189
Direct bilirubin (< 7.0 pymol/L) 5.12 + 3.08 415+ 2.05 0.161 0.143
AST (<42 U/L) 32.54 + 13.04 28.10 £+ 9.15 0.293 0.458
ALT (< 42 U/L) 38.77 = 20.07 30.82 + 18.56 0.193 0.095
ALP (<120 U/L) 70.14 + 18.65 65.08 + 25.06 0.094 0.112
GGT (< 55 U/L) 38.26 + 46.83 33.82 + 19.36 0.301 0.085
BMI, kg/m? 29.43 +2.98 24.65 + 4.08 —6.24 < 0.00001
HbA1C 5.88 +2.14 5.01 £2.02 0.401 0.134
HOMA-IR (< 1.9) 5.52 + 3.47 1.78 £ 1.98 -4.34 < 0.00001
Vitamin D (> 30 ng/mL) 24.89 + 18.60 25.55 +20.15 0.911 0.465

Table 3. Laboratory parameters in study group before and after treatment
Parameter Studxngra%uf gl‘): 23) Atter 6-n(1: lltrzug;‘eatment T-value P-value
- Mean = SD
Total cholesterol (< 5.7 mmol/L) 6.12 £ 3.17 541210 0.210 0.192
TGL (< 2.3 mmol/L) 3.11+1.19 1.31 £ 0.31 1.44 0.045
HDL (> 1.4 mmol/L) 0.99 + 0.20 1.41 £ 0.40 -3.74 < 0.0002
LDL (< 4.2 mmol/L) 4.00+1.16 3.27 £2.33 —-0.057 0.271
VLDL (0.2—1.8 mmol/L) 1.49 + 1.92 1.32 +£1.47 0.053 0.201
Total bilirubin (5.1-21.0 ymol/L) 15.23 +7.32 14.88 + 5.32 —-0.159 0.289
Direct bilirubin (< 7.0 pymol/L) 5.12 + 3.08 3.25+2.15 0.261 0.173
AST (<42 UL) 32.54 + 13.04 26.10 £ 9.15 0.193 0.258
ALT (< 42 U/L) 38.77 £+ 24.5 20.91 £ 3.10 3.22 0.0012
ALP (<120 U/L) 70.14 + 18.65 59.08 + 27.06 0.074 0.212
GGT (< 55 U/L) 38.26 + 46.83 31.82 + 15.36 0.111 0.475
BMI, kg/m? 29.43 +2.98 22.77 +1.75 —6.24 < 0.00001
HbA1C (< 6 %) 5.88 +2.14 4.99 +2.02 0.555 0.234
HOMA-IR (< 1.9) 5.52 + 3.47 1.78 £ 1.98 -5.14 < 0.00004
Vitamin D (> 30 ng/mL) 24.89 + 18.60 78.86 + 19.32 -9.67 < 0.00001
A noticeable decrease in HOMA-IR from 5.52 + 3.47t0  Discussion

1.78 £ 1.98 (p < 0.00004) indicates improved insulin sensi-
tivity, a critical aspect in the prevention and management of
type 2 diabetes and metabolic syndrome.

Vitamin D supplementation resulted in a significant in-
crease in vitamin D levels, from 24.89 + 18.60 ng/mL to
78.86 & 19.32 ng/mL (p < 0.00001), demonstrating a strong
effect of the treatment in normalizing this parameter, which
plays a crucial role in metabolic and immune health.

Other parameters such as total cholesterol, LDL, VLDL,
bilirubin, AST, ALP, GGT, and HbAI1C did not show sta-
tistically significant changes, although clinically beneficial
improvements may have occurred in these parameters, which
require further evaluation to identify long-term effects.

This paper provides a comprehensive overview of the
impacts of various foods, superfoods, and supplements that
have been studied individually in relation to the regulation
of cardiovascular and liver conditions. Previous research
has predominantly investigated these nutritional or dietary
interventions as adjuncts to conventional medication the-
rapies. However, this study marks a significant milestone
in our country and represents a recent global innovation,
demonstrating that the management and even healing of
cardiovascular diseases can be effectively achieved through
a combination of diet, fasting, and supplementation, with-
out the need for pharmaceutical treatments or surgical in-
terventions.
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Our program utilized a strict, monthly-monitored nu-
tritional plan, coupled with clinical and biochemical evalu-
ations to assess the impact of these interventions. In this pa-
per, we have examined each functional food and supplement
based on prior research, focusing on their specific effects on
the cardiovascular and liver conditions under study.

For example, research by H. Wang et al. demonstrated
the effectiveness of tauroursodeoxycholic acid, a synthetic
bile salt, in managing hepatobiliary disorders [16]. TUDCA
exerts its effects by inhibiting the expression of farnesoid X
receptor (FXR) and fatty acid transport protein 5 (FATPS),
thereby reducing the absorption of fatty acids and mitigating
the accumulation of hepatic lipids.

Similarly, a study by E. Calderon Martinez et al. provi-
ded an extensive review of silymarin (Silybum marianum),
derived from the milk thistle plant [21]. Silymarin has been
shown to possess strong anti-inflammatory and antifibrotic
properties, particularly in liver-related conditions. Additio-
nally, the effects of silymarin on liver enzymes, such as ala-
nine aminotransferase (ALT), aspartate aminotransferase
(AST), and alkaline phosphatase (ALP), were also explored,
with promising results in improving liver function.

Further, the study by S. Schandelmaier et al. highlighted
the benefits of nicotinic acid (niacin), which has been shown
to reduce LDL cholesterol and triglyceride levels, while in-
creasing HDL cholesterol. This research underscored the
effectiveness of niacin as both a monotherapy and an adjunct
to statin therapy [22].

This paper also compiles findings from various other
studies on foods and supplements that have had a partial
impact on the parameters we investigated. By incorporating
these foods and supplements into a comprehensive, strict
dietary plan — without relying on pharmaceutical interven-
tions — we achieved significant clinical results, which are
presented and documented in this study.

Conclusions

The results of our study show that the recommended
diet and dietary supplements have produced statistically sig-
nificant changes between the study group and the control
group (p < 0.05), as well as between the study group and the
same group after the 6-month treatment period (p < 0.05).
However, the normalization of laboratory parameters did not
occur uniformly across all patients. Patients with one or more
comorbidities exhibited a slower rate of parameter regulation,
suggesting the need for personalized interventions based on
the overall health status of the patients.

This study has limitations related to the inclusion of other
parameters associated with additional comorbid diseases,
which may affect treatment outcomes and require further
evaluation. The results suggest that a nutritional approach
and the use of supplements could be important preventive
measures in protecting the population from cardiovascular
and hepatic diseases. This could be achieved through the
implementation of educational and awareness programs that,
with minimal costs, could help prevent the onset of these
serious diseases.

At the same time, for future studies, it would be benefi-
cial to consider additional important parameters related to
cardiovascular diseases, such as LDL and coronary calcifica-

tion, which can be assessed through scanning and other ad-
vanced methods. Monitoring these parameters would allow
for a more detailed assessment of the treatment’s impact on
cardiovascular health. Furthermore, it is important to explore
the possibility of expanding this study to other specific popu-
lation groups to draw more accurate and generalizable results.
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HyTpuTtMBHAO Tepanis NALEHTIB i3 cepLeBO-CYAMHHUMU 3AXBOPIOBAHHIMM,
CTEATO30M MNEeYiHKU TO MeTA60AIMHUMU PO3ACACMU

Pesiome. Axmyaavnicms. CeplieBo-CyIMHHI 3aXBOPIOBAHHS 3a-
JINIIAIOTHCST TOJIOBHOIO TIPUYMHOIO CMEPTi SIK YOJIOBiKiB, TaK
i XiHOK y MPOMMCJIOBO PO3BUHEHUX KpaiHaX. BOHU OXOIII0I0ThH
Pi3HOMaHITHiI CTaHU, BKJIIOYAIOUM 11epeOpOBACKYJ/ISIPHI 3aXBOPIO-
BaHHSI, 3aXBOPIOBAHHS TTepudepUIHUX apTepiii, aTepoCKIepo3
i TpoM003 IMOOoKMX BeH. HeankorobHa XX1poBa XBopo0Oa MediHKI
(HAXXITI), siky TakoX Ha3MBalOTh CTEATOTUYHOIO XBOPOOOIO Te-
YiHKU, MOB’SI3aHOI0 3 METa0O0IIYHOIO TMCHYHKIIIEIO, XapaKTepu3y-
€ThCSI HASIBHICTIO MAaKPOBE3UKYJISIPHOTO CTEaTo3y Oe3 BUPakeHOTo
3ananeHHs1. Mema: olliHUTU e(PeKTUBHICTb pO3POOTIEHNX aBTOpaMU
XapyoBUX peKOMEHAllill y Mali€eHTiB i3 pi3HUMU METa0OTiUYHU-
MM po3JiaJlaMy, BKJIIOUAIOUU CepLIeBO-CYAMHHI 3aXBOPIOBaHHS,
HAXXII, aprepiaibHy rinepTeH3ito, 0XXMpPiHHS il LlyKpOoBuii 1iabeT
2-ro tuny. Mamepiaiu ma memoou. lle nocnigxeHHs TPOBOIU-
Jocs Ha TepuTopii KocoBo cepen mailieHTiB, sIKi 3BepTaniucs 3a
JIIKYBaHHSIM 3 IPUBO/LY ITEBHUX META0OIYHMX PO3JIAliB, i TPUBAJIO
3 6epesHst 2023 poky o yepseHb 2024 poky. Y HbOMY Opajiu yyacTb
ocobu BikoMm moHan 18 pokiB, MmalieHTaM OCHOBHOI IpyIu OyJ10

23—62 poku, a KOHTposibHOI — 25—60. 3arasiom GyJI0 BKIIOUEHO
73 mauieHTH, 3 IKuX 33 YBIMILIN 10 OCHOBHOI rpynu Ta 40 — 10
KOHTpoJibHOI. CepenHiii Bik yuacHUKiB ctaHoBUB 42,59 + 12,05
poky. Pezyabmamu. CtaTcTHYHO 3HauyIli BigmiHHOCTI (p < 0,05)
CTOCTEpirajmcsl Mixk OCHOBHOIO Ta KOHTPOJIbHOIO TpylaMu 3a
KiJTbKOMa KJTIOYOBUMU TapameTpaMu, aK-oT Tpuriinepunu (TI),
sinonpoTeinu Bucokoi winsHocTi (JITIBLL), inaekc macu Tina
(IMT) Ta romeocTatnyHa MOJE/b OLIIHKY iHCYJIiIHOPE3UCTEHTHOCTI
(HOMA-IR). Kpim Toro, Biporigti nominuenHst (p < 0,05) 0yiau
BiI3HAYeHi B OCHOBHII TpyIIi micist 3—6 MiCsILiB HyTPUTUBHOIO
JIiKyBaHH$, 30KpeMa 3a TaKUMU JiarHOCTUYHUMU MapaMeTpamu:
TT, JITIBILL, ananinaminotpancdepasza, IMT, HOMA-IR Ta Bita-
MiH D. Bucnoexu. Hate nocitimkeHHSI IeMOHCTPYE, 110 PEKOMEH-
IIOBaHe HYTPUTUBHE JIIKYBaHHSI ITPUBEJIO 0 BipOTiIHOI MO3UTUBHOI
NIMHAMiKU B OCHOBHili TPYITi MOPiBHSHO 3 KOHTPOJBHOIO.
Ki1040Bi cj10Ba: ceplieBo-CyaIMHHI 3aXBOPIOBAHHSI; CTEATO3 I1e-
YiHKM; LIyKPOBUIi iabeT 2-To TUILY; XapuoBi 100aBku; BitaMiH D;
HOMA-IR
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Innovative approaches to the management
of patients with obstructive sleep
apned-hypopned syndrome,
obesity and hypertension

Abstract. Background. Obstructive sleep apnea-hypopnea syndrome (OSAHS) is characterized by recurrent
episodes of partial or complete upper airway collapse during sleep that is highlighted by a reduction or complete
cessation of airflow despite documented ongoing inspiratory efforts. There are some pharmacological treatments
for daytime sleepiness caused by OSASH. Identifying and treating obstructive sleep apnea early is important to
reduce the risks of future complications. The purpose of the study was to determine the functional state of the
cardiovascular system and the oxygen state of body tissues in patients with OSAHS of varying severity. Materials
and methods. The study included 109 participants (85 men and 24 women) aged 27 to 55 (mean of 46.4 + 9.1)
years. All patients were comparable in sex, age, anthropometric parameters, as well as in the history of hypertension
and the level of office blood pressure and underwent a study of the oxygen state by pulse oximetry and oximetry.
Results. Hypertension in patients with obstructive sleep apnea-hypopnea syndrome is more resistant to therapy.
The degree of resistance depends on the severity of OSAHS. The analysis of daily blood pressure monitoring data
in OSAHS revealed differences in the growth of mean blood pressure, hypertension time index and daily blood
pressure profile. The degree of night blood pressure reduction in patients with severe OSAHS was lower, among
them, individuals with non-dipper and night-peaker profiles predominated. Conclusions. In OSAHS, significant
disorders of arterial and venous blood oxygenation were detected, which is confirmed by a reliable decrease in
venous blood saturation (p < 0.01) and oxygen content in arterial blood (p < 0.01). The volume of oxygen consumed
by peripheral tissues was significantly lower (p < 0.05) in patients with severe OSAHS.

Keywords: arterial blood oxygenation; obesity; venous blood oxygenation; volume of oxygen consumed by body
tissues

Introduction

Obstructive sleep apnea-hypopnea syndrome (OSAHS)
is characterized by recurrent episodes of partial or com-
plete upper airway collapse during sleep that is highlighted
by a reduction in, or complete cessation of, airflow despite
documented ongoing inspiratory efforts [1]. Due to the
lack of adequate alveolar ventilation that results from the
upper airway narrowing, oxygen saturation may drop and
partial pressure of CO, may occasionally increase. The
events are mostly terminated by arousals. Clinical con-
sequences are excessive daytime sleepiness related to the
sleep disruption [2].

Minimal diagnostic criteria have been defined for
OSAHS. Patients should have excessive daytime sleepiness
that can not be better explained by other factors, or expe-
rience two or more of the following symptoms, again that
are not better explained by other factors: choking or gasping
during sleep; recurrent awakenings from sleep; un-refreshing
sleep; daytime fatigue; and impaired concentration [3]. All
patients should have more than five obstructed breathing
events per hour during sleep.

An obstructive apnea or hypopnea can be defined as an
event that lasts for > 10 s and is characterized by an absence
or a decrease from baseline in the amplitude of a valid mea-
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sure of breathing during sleep that either reaches > 50 % with
an oxygen desaturation of 3 % or an arousal (alternatively a
30% reduction with 4% desaturation) [4, 5].

The American Academy of Sleep Medicine (AASM)
recommends these definitions [6, 7]. The Task Force of the
AASM also states that there are common pathogenic mecha-
nisms for obstructive apnea syndrome, central apnea syn-
drome, sleep hypoventilation syndrome and Cheyne-Stokes
breathing. It was more preferable to discuss each of these
separately; although, they could be placed under the common
denominator of sleep-disordered breathing syndrome. The
definition of OSAHS using two components, daytime symp-
toms and breathing pattern disturbances during sleep, may
suggest that there is a tight correlation between the two. How-
ever, unfortunately this is not the case. The breathing pattern
abnormalities, mostly described by an apnea-hypopnea index
(AHI), only weakly correlate with quantified measures of
sleepiness, such as the Epworth Sleepiness Scale (ESS).

This probably means that interindividual sensitivity, with
some individuals coping better with sleep fragmentation than
others, does compromise the relationship between the AHI
and daytime sleepiness scores. In addition, epidemiological
studies show a broad range of sleepiness in the general popu-
lation. Obviously, epidemiological studies investigating the
prevalence of OSAHS are all biased by the lack of a uniform
definition. The prevalence of an AHI of > 5 events- h'in a
general population (without taking into account symptoms
of sleepiness) has previously been estimated to be 24 % in a
male population. When symptoms of sleepiness were also
taken into account, the prevalence decreased to 4 % in males
and 2 % in females [8, 9].

Nearly a billion adults around the world are affected by a
disease that is characterized by upper airway collapse while
sleeping called OSAHS. The progression and lasting effects
of untreated OSAHS include an increased risk of diabetes
mellitus, hypertension, stroke, and heart failure. There is
often a decrease in quality-of-life scores and an increased
rate of mortality in these patients. The most common and
effective treatments for OSAHS include continuous positive
airway pressure (CPAP), surgical treatment, behavior modi-
fication, changes in lifestyle, and mandibular advancement
devices. There are currently no pharmacological options
approved for the standard treatment of OSAHS. There are,
however, some pharmacological treatments for daytime
sleepiness caused by OSAHS. Identifying and treating ob-
structive sleep apnea early is important to reduce the risks of
future complications [10].

The purpose of the study was to determine the functional
state of the cardiovascular system and the oxygen state of body
tissues in patients with OSAHS, obesity and hypertension.

Materials and methods

Screening for dynamic upper airway obstruction during
sleep was performed among individuals who had OSAHS risk
factors (sleep disorders, daytime sleepiness, obesity, hyper-
tension) using the Berlin Questionnaire (BQ) and monito-
ring computer pulse oximetry (MCPO).

During the survey (BQ), patients were offered three cate-
gories of questions: about the quality of sleep, the presence
of snoring and high blood pressure. With a positive value of

at least two categories was concluded that there was a high
probability of OSAHS in the patient.

The Hospital Anxiety and Depression Scale (HADS)
(A.S. Zigmond, 1983) was used to differentially diagnose
the cause of sleep disorders, and patients with a score of > 11
were excluded from further study.

All patients underwent anthropometric studies: height,
weight, calculation of body mass index (body weight (kg)/
height (m?)), neck, chest and abdomen circumferences. The
condition of the upper respiratory tract was visually assessed.

Patients self-installed them at bedtime. In the morning,
the data were deciphered (desaturation index calculation
(number of episodes per hour)).

Daily monitoring of blood pressure was performed using
a monitor Schiller BR-102 plus (Sweden).

The mean indices of systolic blood pressure (SBP) and
diastolic blood pressure (DBP), blood pressure (BP) indices,
variability of SBP and DBP, types of daily BP profile were
evaluated.

The study included 109 patients (85 men and 24 women)
aged 27 to 55 years (mean age of patients was 46.4 = 9.1
years). All patients were comparable in sex, age, anthropo-
metric parameters, as well as in the history of hypertension
and the level of office blood pressure.

All patients underwent a study of the oxygen state by
pulse oximetry and oximetry using the device Oximeter Uni-
stat (USA). The following indicators were evaluated: satu-
ration of arterial (Sa0O,) and venous blood (Sv0O,), oxygen
content in arterial (CaQ,) and venous blood (Sv0O,), as well
as the volume of oxygen consumed (DaO, — DvO,).

Sa0, was determined using a pulse oximeter according to
conventional methods. Determination of CvO, was performed
in vitro using an apparatus Oximeter Unistat. Evaluation
of CaQ, was performed according to the following formula:

Ca0,=Sa0, x Hb x 1.34.

According to this formula, CvO, was determined:

Cv0,=Sv0, x Hb x 1.34.

The difference between the volumes of oxygen contained
in 1 liter of arterial and mixed venous blood was determined
by the amount of oxygen consumed by the tissues to meet the
metabolic needs of the body (DaO, — DvO,).

All patients were divided into two groups: 1 — experi-
mental (81 people) and 2 — control (28 people). Group 1
included 81 patients with verified OSAHS and arterial hyper-
tension, group 2 included patients with hypertension without
OSAHS. All patients received drug therapy in accordance
with current guidelines for the treatment of hypertension
(double and triple antihypertensive therapy).

In the process of research patients of group 1 were divided
into 3 subgroups: subgroup 1 — patients with a mild form of
OSAHS (15 < TAH = 5, n = 21 (25.92 %)); subgroup 2 —
patients with OSAHS of moderate severity (30 < IAH > 15,
n = 26 (32.09 %)); subgroup 3 — patients with severe
OSAHS (IAH > 30, n = 34 (41.97 %)).

Statistical analysis was performed according to the re-
quirements for medical and biological research [9]. For this
purpose, a data matrix was created using the application
package Statistica 5.5 for Windows.
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Student’s parametric t-test was used to assess the sig-
nificance of differences between unrelated samples at each
study point and in order to assess the dynamics of the indi-
cator within each study group — a pair of Student’s crite-
rion. The difference was considered statistically significant
atp <0.05.

Results

In the course of the study, all patients in the study groups
were monitored for blood pressure and its dependence on the
severity of OSAHS.

A comparative analysis of the results obtained between
the subgroups of OSAHS, as shown in Fig. 1, found that,
in general, in the experimental and control groups there
were no differences between the average values of SBP and
DBP. However, the division of the OSAHS group by severity
showed a clear relationship between mean blood pressure
and the severity of obstructive sleep apnea syndrome, and
the highest, statistically significant increase in both SBP
and DBP (p < 0.05) was observed in a subgroup of patients
with severe OSAHS compared with the results obtained in
the subgroup of patients with mild OSAHS and the control
group.

In order to study the BP parameters in more detail, all
patients underwent Holter BP monitoring.

Assessing the daily BP profile (Fig. 2), the tendency to
increase the values of SBP and DBP in accordance with the
increase in the severity of OSAHS. There were no statistically
significant differences in the daily values of SBP and DBP
(p < 0.01). However, such differences were observed in the
results of night SBP in the subgroups with moderate and
severe OSAHS compared with the control group, and for
night DBP in the subgroup of night DBP in the subgroup
with severe OSAHS compared with control groups and light
OSAHS (p < 0.05).

Important data in the daily monitoring of BP are the in-
dicators of the time index of BP (indicator that characterizes
the percentage of time during which blood pressure exceeds
the allowable level) and BP variability at different times of
the day.

It was investigated that the BP index increased in accor-
dance with the increasing severity of OSAHS. At the same
time, there was a tendency to decrease the daily time in-
dex of DBP in the subgroup with mild OSAHS compared
with those observed in other patients. Statistically significant
changes in the time index of BP were observed in the sub-
groups of moderate and severe OSAHS for control groups
and mild OSAHS (p < 0.05), as well as night CAT time index
between control subgroups and mild OSAHS (p < 0.05). The
night time index of BP correlated with increasing severity of
OSAHS, the correlation coefficient was 0.46 (between SBP
and the severity of OSAHS, p < 0.001) and 0.42 (between
DBP and severity of OSAHS, p < 0.001).

Such results of the study as increase in average values of
daily BP monitoring and nocturnal time index in patients
with OSAHS compared with the control group (without
OSAHS) can be explained by the development of night hy-
poxemia, which contributes to pathological activation of the
sympathetic autonomic nervous system.

The analysis of CAT variability parameters during the
day revealed a statistically significant difference between
subgroups with mild and moderate OSAHS (p < 0.05). There
was no statistical difference between the indicators of vari-
ability of DBP during the day in different subgroups. How-
ever, the data of variability of BP at night were interesting,
which significantly differed in patients with moderate and
severe OSAHS compared with the control group (p < 0.05).
At the same time, in the group with mild OSAHS, there was
a statistically significant difference of this parameter com-
pared with the control group (p < 0.05).
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Figure 1. Indicators of office BP in the studied patients with varying severity of OSAHS, mmHg
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Figure 2. Indicators of Holter blood pressure monitoring among patients with OSAHS, mmHg
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Table 1. Parameters of the time index of BP in subjects with OSAHS, %

OSAHS
Time index, % Cont':o=l 3{;°"'°’ Mild degree, Moderate degree, Severe degree,
n =21 n =26 n=34
Daily time index of SBP 244 +17.6 26.0 + 23.8 41.3+35.3 49.1 + 36.9
Daily time index of DBP 324 +24.2 1.0+11.5 42.8 +31.0 51.1+32.2
Night time index SBP 12.7 + 151 27.9 +20.3 41.0 + 35.3 56.7 + 36.8
Night time index DBP 29.0 + 20.7 31.0x229 541 +241 67.4 = 32.1

Table 2. The variability of BP depending on the severity of OSAHS, mmHg

OSAHS
BP variability Contr:‘o=l g{;ouP’ Mild degree, Moderate degree, Severe degree,
n=21 n=26 n=34
Daily variability SBP 10921 11.6+1.3 129+24 13.0+1.0
Daily variability DBP 9418 99+23 11.0+1.9 10.3+21
Night variability SBP 9122 9417 11.9+42 11.1+2.6
Night variability DBP 7.8x2.1 98+1.6 102+ 3.3 8422

Table 3. Distribution of types of daily blood pressure profile depending on the severity of OSAHS, n (%)

OSAHS
BP profile Contrn‘-o=| g{f”p’ Mild degree, Moderate degree, Severe degree,
n=21 n=26 n=34
Dipper 19 (67.85) 11 (52.38) 3 (11.53) 2 (5.88)
Non-dipper 3(10.71) 4 (19.04) 18 (69.23) 25 (73.52)
Night-peaker - 3 (14.28) 3 (11.53) 8 (23.52)
Over-dipper 6 (21.42) 3(14.28) 2(7.69) -

Thus, the tendency to increase the variability of BP with
increasing severity of OSAHS was not detected, but at night
time there was a statistically significant difference between
subgroups of patients with OSAHS compared with the con-
trol group (patients without OSAHS): SBP — subgroups with
moderate and severe OSAHS, DBP — all subgroups of pa-
tients with OSAHS. This dynamics of BP variability at night
in people with varying degrees of OSAHS can be explained
by significant fragmentation of sleep in them and activation
of the sympathetic part of the autonomic nervous system,
which are the cause of respiratory arrest during sleep on the
background of upper airway obstruction.

We also analyzed the daily blood pressure profile, in the
process of which all subjects were divided into groups: dip-
per — individuals with a normal daily blood pressure index
(10—20 %), non-dipper — patients without lowering blood
pressure at night (daily index < 10 %), night-peaker (cha-
racterized by night blood pressure increase) and over-dipper
(significant decrease in night blood pressure, daily index
>20 %).

Evaluating the results of the study, it was found that
patients with a daily profile of dipper in the control group
occurred in 67.85 % of cases, in the subgroup with mild
OSAHS — in 52.38 % of cases, in people with moderate
OSAHS — in 11.53 % cases and in the subgroup with a severe
degree of OSAHS — in 5.88 % of cases.

There was a statistically significant difference in the fre-
quency of detection of this profile among patients in sub-

groups with moderate and severe degrees of OSAHS com-
pared with the control group (p < 0.001) and the group of
mild OSAHS (p < 0.01).

Individuals with a non-dipper profile were found in the
control group in 10.71 % of cases; in subgroups with mild
OSAHS — in 19.04 %, moderate — in 69.23 % and severe —
in 73.52 % of cases.

A statistically significant advantage in the number of
patients with a daily non-dipper profile was observed in
the groups with moderate and severe OSAHS compared
with the subgroup with mild OSAHS and the control group
(p <0.001).

Analyzing the group of patients with a significant increase
in night blood pressure (profile night-peakers), such were
not found in the control group; in the subgroup with mild
OSAHS they occurred in 14.28 % of cases; of moderate se-
verity — 11.53 %; with severe — in 23.52 % of cases.

The daily profile of over-dipper was observed among
patients without OSAHS — in 21.42 % of cases, with mild —
in 14.28 %, moderate — in 7.69 % of cases. The statistical
difference between the control group and individuals with
moderate OSAHS was significant (p < 0.05). No patients
with an over-dipper profile were observed in the group with
severe OSAHS.

Of practical significance are the data obtained that
among patients with clinically more severe forms of OSAHS
prevail those in whom the level of nocturnal blood pressure
is insufficiently reduced, or even paradoxically increases.
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Thus, patients with a non-dipper profile were observed in
the subgroup with moderate disorders 6 times, and in the
subgroup with severe form — 8 times more often compared
with the control group.

Based on the identified changes, we additionally assessed
the oxygen status of body tissues in patients with OSAHS
with varying degrees of severity. Comparing the parameters
of arterial and venous blood oxygenation in this category
of patients (Table 4), it was noted that patients with severe
OSAHS showed a more significant decrease in these indica-
tors compared with patients with OSAHS of both mild and
moderate severity.

SaO0, arterial blood saturation was lower by 5.4 %
(p < 0.05) in patients with mild OSAHS compared to healthy
individuals. The lowest value of SaO, was in the group of pa-
tients with severe OSAHS and was lower by 5.1 % (p < 0.05)
compared with the group of examined patients with mild
severity and by 7.5 % (p < 0.05) compared with a group of
patients of moderate severity.

The value of SvO, in mild OSAHS was lower by 14.4 %
(p < 0.05) compared with the control group of patients. In
the group of patients with OSAHS of moderate severity, this
figure was also significantly lower — by 12.8 % (p < 0.05),
compared with patients with mild. The lowest indicator was
in the subjects with severe OSAHS and was 50.21 £+ 0.24 %.

Discussion

The few studies that have examined elderly individuals
with OSAHS have found that daytime sleepiness, snoring,
and cardiovascular complications are less prevalent in this
population than in middle-aged individuals with this con-
dition [11]. The different clinical manifestations combined
with the weaker association with obesity have led researchers
to consider whether OSAHS in elderly individuals is dis-
tinct from that in middle-aged people [12]. In this context,
clinicians should be aware of the features that characterize
OSAHS in elderly individuals, such as neurocognitive im-
pairments [13], nocturia [14], or falls, which are not routinely
attributed to OSAHS, and also consider that therapeutic
weight loss may have less effect in this population [15]. On
the other hand, with regard to the rapid increase in the pre-
valence of obesity during the past decades and the long-term
risk for OSAHS [16] the older patients in our study may have

been less obese during middle age and during the early stage
of OSAS development.

Based on our results, we suggest that these changes are
likely to occur as a result of a violation of the normal archi-
tecture of sleep with constant periods of awakening, which
are sometimes observed in a patient about 100 times in one
hour. In turn, the normal phase of sleep is disturbed, its rapid
phase predominates, the sympathetic part of the autonomic
nervous system is activated, hypoxemia develops, which has
a chronic intermittent nature [16, 17].

The values of oxygen content in arterial CaO, and venous
CvO, blood were significantly lower in the group of patients
with severe OSAHS in comparison with both the group of
patients of mild and moderate severity which is probably
evidence of insufficient oxygen saturation of body tissues as
a result of difficulty in transvenous blood flow, which leads
to the inclusion in the bloodstream of shunt vessels, which
blood is “discharged” into venous collectors.

The volume of oxygen consumed by body tissues DaO, —
— DvO, in patients with severe OSAHS was lower by 12.7 %
(p < 0.05), compared with patients with mild, and by 18.6 %
(p < 0.05) — compared with patients with moderate OSAHS.
With the progression of these disorders, there is probably a
decrease in the volume of oxygen that is transported to body
tissues, which causes an increase in the phenomenon of oxy-
gen debt. Against the background of clinical signs of OSAHS,
a decrease in oxygen content and venous blood saturation
may serve as criteria for the progression of OSAHS.

Although it is unquestionable that a good adherence to
continuous positive airway pressure (CPAP) and antihy-
pertensive drugs is crucial to improvements in sleep-related
symptoms, blood pressure levels (even the modest reductions
of 2—2.5 mmHg achieved by CPAP treatment) and future
cardiovascular risk, this adherence decreases over time, de-
spite efforts made toward behavioral intervention and moni-
toring [18, 19]. Although taking a drug would seem to be
easier than the use of CPAP treatment, based on current in-
formation, it seems that the compliance with drug treatment
in hypertensive subjects is not better than that achieved with
CPAP treatment in OSAHS patients with hypertension [20].

However, some studies have shown some phenotypes of
hypertensive and OSHS patients with good adherence and
better hypertensive effect, such as those with uncontrolled

Table 4. Indicators of arterial and venous blood oxygenation in patients with OSAHS (M = m)

Control OSAHS

. ontrol group,

Indicator n= ga 4 Mild degree, Moderate Severe degree, P

n =21 degree, n = 26 n =34

Sa0,, % 98.32 + 0.41 94.02 + 0.64 93.33 + 0.51~ 90.08 + 0.36* Pi,5< 0.05

SvO,, % 70.26 + 0.31 60.18 + 0.43* 52.48 + 0.38* 50.21 £ 0.24* Pi»5< 0.01
pP;,< 0.01

CaO,, ml x I* 149.04 + 0.52 140.09 + 1.43* 120.46 + 2.03* 116.02 + 0.98* pPis< 0.01
P,,< 0.05
pP;.< 0.01

CvO,, ml x I* 98.74 + 0.61 92.02 + 1.38* 76.15 + 2.04* 74.04 + 1.02* pP;< 0.01
p,.< 0.05

DaO, - DvO,, ml x | 50.30 + 0.66 48.07 £ 0.52 44.31 + 0.84" 41.98 + 0.36" Pi»3< 0.05

Notes: * — reliability of the difference of indicators in comparison with control; p,_, , — the reliability of the diffe-

rence between respective groups of patients.
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blood pressure (resistant and refractory hypertension), se-
vere forms of sleep apnea, and more sleep-related symptomes,
especially a higher degree of diurnal hypersomnia [21]. The
positive effect of antihypertensive drugs and CPAP treatment
on blood pressure levels depends on the degree of treatment
adherence, especially in forms of uncontrolled hypertension,
but this adherence decreases over time. Educational programs
and new devices are needed to improve adherence to treat-
ment in these patients, along with fuller understanding of the
different patterns and phenotypes of non-adherence [22].

Conclusions

Arterial hypertension in patients with obstructive sleep
apnea-hypopnea syndrome is more resistant to antihyper-
tensive therapy in this category of patients. The degree of
resistance depends on the severity of OSAHS.

The analysis of daily blood pressure monitoring data in
patients with OSAHS revealed differences in the growth of
mean blood pressure, time index of hypertension and daily
blood pressure profile. The degree of night BP reduction in
patients with severe OSAHS was lower, among them patients
with non-dipper and night-peaker profiles predominated.

In patients with OSAHS significant disorders of arterial
and venous blood oxygenation were detected, which is con-
firmed by a significant decrease in venous blood saturation
SvO, (p < 0.01) and oxygen content in arterial blood CaO,
(p < 0.01). The volume of oxygen consumed by peripheral
tissues DaO, — DvO, was significantly lower (p < 0.05) in
patients with severe OSAHS.
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TepHOMIAbCKI HALIIOHAABHUY MEAVNYHWU YHIBEPCUTET iMeHi .51. fTopbayeBChkoro, M. TepHoniAb, YKpaiHa

IHHOBALMHI NIAXOAU AO MEHEAXXMEHTY NALEHTIB
i3 CUHAPOMOM OBCTPYKTUBHOIO ANMHOE-TINOMNHOE CHY,
OXXUPIHHSM TO APTEPICAABHOIO FinepTeHsieto

Pe3rome. Axkmyaavnicms. Cunapom 06CTPYKTUBHOTO alTHOE-Ti-
nonHoe cHy (COAI'C) — posnan, CipyuMHEHU peluauByIOY-
MM ermi301aMu 00Typallii BepXHiX IUXaJIbHUX NUISXIB (arrHOe) abo
iXHiM 3BY>KE€HHSIM (MIOBEPXHEBE OMXaHHS), 1110 BUHMKAE Ha PiBHI
[JIOTKHU, TIpU 30epeXeHiii GyHKIT nuxaapHux M s13iB. HacnigkamMu
aITHOE Ta TTIOBEPXHEBOTO JUXaHHSI € TIOTipIICHHST OKCUTeHAIlil KPOBi
i1 emtizonu poOymKeHHs (OUTBIIICTD 3aTMIIIAETHCS] HEYCBiTOMIIC-
HUMM), 1110 OOYMOBIIIOE (hparMeHTalio cCHy. PaHHE BUSIBICHHS
Ta jnikyBaHHS COAI'C BaxJIuBi IJIs1 3HUKCHHSI pU3UKY 101aJIb-
IINX YCKJIaTHEHb. Mema: BU3HaYUTU (DYHKIIIOHAJIbHHIT CTaH cep-
LIEBO-CYIMHHOI CUCTEeMHU Ta HACMYEHHS KPOBi KMCHEM B 0ci0 i3
COATI'C pizHoro ctynieHs TsSKKocTi. Mamepiaau ma memoou. Y no-
calimKeHHi B3 yyactb 109 nauieHTis (85 4oJ10BiKiB Ta 24 XXiHKM)
BiKOM Biz 27 10 55 pokiB (y cepenHbomy 46,4 = 9,1 poky), mopis-
HSIHHHUX 3a CTATTIO, BIKOM, aHTPOITOMETPUYHUMU IMapamMeTpaMu, a
TaKOX HasIBHICTIO apTepiajibHOI rilepTeH3ii B aHaMHe3i i1 piBHEM
oicHOro apTepiaJbHOro TUCKY. Y CiM ydacHUKaM OyJIO ITPOBEICHO
TMOCTiIKEHHsI HAaCUYEHHST KPOBi KMCHEM 3a JIOTIOMOTOIO TTYJIbC-

OKCHMeTpii Ta OKCUMeTpii. Pe3yabmamu. AptepianabHa rinepTeHsis
B TALIIEHTIB i3 CHHIPOMOM OOCTPYKTUBHOTO aITHOE-TIlTOITHOE CHY
€ OibII cTilikoI0 M0 Tepartii. CTyIiHb PE3UCTEHTHOCTI 3aJIEKUTh
Bin TsokkocTi COAI'C. AHaniz mjaHux 7000BOro MOHITOPUHTY ap-
tepianbHOro TcKy pu COAI'C BUSIBUB BiIMiHHOCTI Y 3pOCTaHHi
CepeHbOTO apTepiaIbHOTO THUCKY, YaCOBOTO iHIECKCY TillepTeH3il
Ta 1000BOTO MPOdislio apTepiaTbHOro TUCKY. CTYITiIHb 3HKEHHS
HIYHOTO apTepiaibHOTO TUCKY B MalieHTiB i3 Tsokkum COAI'C
OYB HIDKYMM, CEpell HUX MepeBaxaau ocoou 3 mpodiasamMu “non-
dipper” i “night-peaker”. Bucnosxu. Y xsopux i3 COAI'C BusiBieHO
3HAYHI MOPYIIeHHST OKCUTEHALIil apTepiaibHOI Ta BEHO3HOI KPOBi,
110 MiATBEPAXYETHCSA CYTTEBUM 3HIKEHHSIM caTypallii BEeHO3HOI
Kkpogi (p < 0,01) i BMicTy KUCHIO B apTepiaibHiit Kposi (p < 0,01).
0O0’eM KHCHIO, CITOKMBAHOTO MepudepuuHMMU TKAaHUHAMU, OYB
BiporimHo HyzkunM (p < 0,05) y mamieHTiB i3 Tsokkum COATC.
KiouoBi ciioBa: oxcurenaiis aprepialbHOI KpOBi; OKUPIiHHA;
OKCHUTIeHallisl BEHO3HOI KPOBi; 00’€M KHCHIO, CIIOXXMBAHOIO TKa-
HUHAMM OpraHi3mMy
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/\bBIBCbKUW HALIOHAABHU MEANYHN YHIBEpCUTET iMeHi AQHUAQ [QAMLIKOrO, M. /AbBIB, YKpQIHQ

AiabeTnyHum aAncrpec,
XPOHiIYHEe 3anAaAeHHS HN3bKOT iHTEHCUBHOCTI
| KAPAIOAbHO OBTOHOMHO HEeMNponaris
Y BHYTPILWHBO NepemileHux ocidé
(OrAgA AlTEpAaTypu | BAOCHI CNOCTEpPEeXXEeHHS)

Pe3tome. AkTyanbHicTb. BHyTpiLLHBO nepemiiyeHi ocobu (BIMNO) [eMOHCTPYIOTb MiABULLEHY CIPUAHSTIMBICTb [0
BUHWKHEHHS CEPLIEBO-CYANHHUX 3aXBOPIOBaHb i Lykposoro giabety (L4[) 2-ro tuny. HeratnBHWii ricuxotpaBmarny-
HWV [JOCBIZ MOXE CrIPUYUHUTY PO3BUTOK €MOLIIHNX po3/aaiB, siKi JO4ATKOBO CrpUsilOTb BUHUKHEHHIO JiabeTny-
Horo guctpecy (AAC). MNeuxocouianbHi chakTopu pusmky OOC 3Ha4HO MIpOK MoB’si3aHi i3 3arpo30t0 po3BUTKY
KapgiansHoi aBToHoMHoI HeviponaTii (KAH), a oTxe, pu3uKOM HecripusiTiinBux cepLeBo-CyaANHHMX rnogivi. Cucrema
ouiHkun guctpecy npm U 2-ro tuny (The Type 2 Diabetes Distress Assessment System, T2-DDAS) — eaunHui
crieyianizoBaHvii iHCTPyMeHT ouiHkn 4C. MeTa BocniaXeHHs: 3a [OMOMOror BUKOPUCTaHHS BanigoBaHoi Hamu
yKpaiHomoBHoi Bepcii T2-DDAS BctaHoButy piseHb AAC cepen BIO. Matepiann ta metoan. OnpayroBaHHs
i 3acTocyBaHHs Hamu BanifoBaHoi yKpaiHOMOBHOI BepCii onuTyBasibHMKa «KoMno3uTHa ouiHKa BeretaTmBHUX
cumnromis 31» (Composite Autonomic Symptom Score, COMPASS 31) npogemoHcTpyBario, 1o COMPASS 31 €
MPUAHATHUM IHCTPYMEHTOM [J151 BUOKPEMJIIEHHS NaLiEHTIB i3 cyOKiHiYHo KAH. Peaynbtaru. [poBeaeHui Hamu
aHaris pe3yrnbTatis KopoTKo4YacHoi BapiabenbHocTi cepuesoro putmy (BCP) ceigunts npo Te, wo y B0, xsopux Ha
LA 2-ro tuny, criocTepiractbcst GirbLU 3HAYHE NPUrHiHeHHs1 akTUBHOCTI napacumnatnyrHoi (MCHC) i mocuneHHs cum-
natn4Hoi Hepsosoi cuctemu (CHC). Lle Moxe cBigunTV rnpo aganTtauyiviHi peakuii, LLjo BUHUKIN Ha ¢POHI CTpecoBux
cutyauiv. Kpim Toro, 3agpikcosaHo 3miHn BCP, TurnoBi 45l CTaHiB iIHTEHCUBHOrO HEPBOBO-EMOLIIHOrO HarnpyXeHHs,
LLjo MOXe CBIg41TV npo Tpusasy aktusawito CHC. BussneHi 3MiHn BKa3yroTb Ha paHHE ropyLueHHs ctaHy NCHC, wwo
€ 0fHieto 3 nepLumx o3Hak po3suTky KAH npu L 2-ro tuny. [NcuxonoriyHui cTpec mae 3g8atHicTs aktuBysatn CHC,
LL{O CBOEIO YEeproro Cripusie PO3BUTKY XPOHIYHOIo 3anasneHHs H3bkoi iHTeHenHocTi (X3HI). Y BlO, xsopux Ha L
2-ro Turny i3 cybkiiHidHoto KAH, BusiBrieHo HavibinbLl supaxeHy IP. Kpim Toro, crioctepiranocsi 3Ha4He nigBuLLeHHs
piBHs BuCOKo4yTmBoro C-peakTnBHOro 6inka, gpaktopa Hekposy ryxmvHn a (OHI-a), a Takox criBBigHOLLIEHHS
@HII-o/iHTepnevikiH-10 y kpoBi. BUCHOBKK. BumiproBaHHSI KopoTkodacHoi BCP y noegHaHHI i3 BUSHA4YEHHSIM PiBHIB
rpo3arna’sibHUX MapKepiB Hagae MOXNBICTb BiribLL TOYHO OLiHNTY pu3uk po3BuTKy KAH y nayieHTis i3 L{fJ 2-ro tuny.
Kno4oBi cnoBa: BHyTpiLLHBEO nepeMillieHi 0cobu; LyKpoBui fiabet 2-ro Tuiy; giabeTn4Hui QUCTpec; Kapmi-
allbHa aBTOHOMHA Heviponaris; KopoTKoYacHa BapiabesibHICTb CepLEeBOro pUTMy; XPOHIHYHE 3ananeHHs HU3bKOI
IHTeHCUBHOCTI; ornsig

BCTYH U1 HACEJIEHHSI i TIPU3BOISTH /10 3HUXKEHHSI JIIOJICHKOTO Ta

Bilicbk0Bi KOH(DITIKTI MaIOTh pyHIBHWIA BIUIMB Ha TICK-  MaTepiajbHOTrO KariTtany [2]. Jani BcecBiTHROI opraHiza-
XiuHe 3I0pOB’s JIIOAeH, po3pMBalOUM 3B’I3KM B rpoMafax i 1Iii OXOpPOHU 3I0pPOB’S CBiTYaTh MPO T€, 110 KOXKEH I’ ITUI
CiM’SIX, a TAKOX TMEPEIIKOIXKAIOYM PO3BUTKY B COLliaJIbHIN,  MeEIIKaHellb TepUTOpiii, fe Biadynucs O60MOBI mii, cTUKa-
OCBITHIll i ekoHOMIUHii1 cepax [1]. Hacainku BifiHM 0X0-  €TbCs 3 pobJeMaMu TICUXiYHOTO 300POB’sI, a OIINPEHICTh
IUTIOIOTH SIK TICHMXOJIOTiUHE, TaK i (hi3MuHe YIIKOMXEHHSI  TaKuX po3JiafiB cTaHOBUTH 22,1 % [3].

© «MixHapogHuii eHFoKpUHONorivHuiA xypHan» / «International Journal of Endocrinology» («Miznarodnij endokrinologicnij Zurnal»), 2025
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MacmtabHi nepemillieHHsT HacCeJIeHHS YaCTO BUHUKA-
FOTh BHACJIiI0K BiliCbKOBUX KOH(JIIKTiB i CTUXiHHUX JIUX Ue-
pe3 MOTipIIeHHS CTaHy TOBKILIS a00 €KOHOMIYHI TPYIHOIII
[4]. BHyTpimmHbo niepemiieHi ocoou (BI1O) — ue monu,
SIKi 3MYILIeHI OY/IY 3aJIMIIUTU CBOI OCEJIi, MepeMiCTUBIINCH
Ha IHIITy TepUTOPIiIO0, He EePEeTUHAIOUN TP LILOMY MiXKHa-
pOIHMX KOPAOHIB [5, 6]. Hachninku HACUIbHULIBKUX KOH-
GJIiKTiB, BOEH i Oii1, TTOB’I3aHUX 3 IIEPEMIILLIEHHSIM Hace-
JIEHHSI, 100pe 3aJ0KYMEHTOBAHI i MPU3BOJSTH 10 CKIaIHUX
TYMaHIiTapHUX KpU3, 110 MAIOTh INIMOOKMI BIUTMB Ha 10OpO-
OyT mocTpaxnaaoro HacejaeHHs [7].

BuyTpiliHe niepeMillieHHs T10aei, CIpUUYMHEHEe KOH-
ikTOM, TABUIIYE PU3MK PO3IAIiB IICUXiYHOTO 310POB’S,
BKJIIOYAIOYU JIETIPECiI0 Ta MOCTTPAaBMaTUYHUIA CTPECOBUM
posnan (ITTCP), cepen rmocTpaxknanoro HaceneHHs [8]. [1cu-
XOJIOTIYHUM IUCTpeC, CIIPUUMHEHUI KOHMIIKTaMU, MOXe
TaKOX CIIPUSITH MOIIMPEHHIO HE3A0POBOI ITOBEAiHKM, TAKOI
SIK 3JIOBXKMBaHHSI aJIKOTOJIEM i MaJliHHSI, 10 PU3BOIUTH 10
30iIbIIEHHS TSIraps HeiHdeKUitHuX 3axBoptoBaHsb [9]. [1o-
Hax 20 % BUMYIIEHO TIEpEeMillIEHNX YKPAIHIIiB CTPaXKIAIOTh
Ha cepleBO-cynMHHi 3axBopioBaHHs (CC3), a KoXeH NBaji-
ATyl — Ha myKposuii miadet (LI1) [10]. Kpim Toro, pazom
i3 1OAATKOBUM CTPECOBUM (DaKTOPOM, BUKJIIMKAHUM TMaH/Ie-
mieto COVID-19, pociiicbke BToprHeHHs B YKpaiHy Mpu3Be-
JIO IO CTUIECKY pO3JalliB TICUXiYHOTO 310POB’sl, BKJIIOUHO 3
MOpPYLIEHHSIMU CHY, TpUBorolo, aemnpecieto ta [ITCP [11, 12].

Pesynpratu mociimkeHHs 3 BUBYSHHS JOCBILy Malli-
eHTiB 3 LI, siKi Oyau nmepeMilieHi mifa yac KOHQJITIKTY MixX
I3painem i XAMAC y 2024 poii, BUSBUIN TPU OCHOBHI
TeMu, 110 TypoyBanu BITO: 1) «f noixaB 6e3 ofsry Ta JIiKiB»
(y4aCHUKHU ONMMCYBAIM XaOTUYHUI IpolleC eBaKyallii Ta
TPYIHOLL Y TATPUMII JIIKyBaHHSI 1iabeTy 0e3 CBOiX 3araciB
JnikiB); 2) «IToaBiiiHe MomoOIaHHS» (MALiEHTU HaMarajJucs
KOHTPOJIIOBATH /1ia0eT, afanTylouuch 10 HOBUX, TUMYA-
COBMX YMOB XWTTS, SIKi MOPYIIWJIW IXHi/A 3BUYHUN PEXUM
JIIKyBaHHS); 3) MOIIYK BHYTPIIIHBOI CTIMKOCTI, YepHaHHs
CWJI i3 30BHiIIHBOI miaTpuMmky [13]. 3rinHo 3 pe3yiabTaramu
TOCJiIKEeHb ITePeKUTUIA TPaBMAaTUYHMIA TOCBiI MOXKe IIpr-
3BOJIUTH JI0 PO3BUTKY €MOILIIITHUX pO3JIaliB, SIKi MOCUITIOIOThH
niabetuunuii gucrpec (JIJ1C).

1. Aia6eTnyHum AucTpec

Hiadetnunuit nuctpec mpu LI sk 1-ro, Tak i 2-r0 TUITY
Y BCiX BIKOBUX I'pyTiax, KpaiHax i KyJIbTYPHUX CepeIOBUIIIAX
€ TIOLIMPEHUM SIBUIIIEM i MOxXke OyTr 6ap’epoM Ha IIISIXY 10
ONTUMAJILHOTO EMOLIITHOTO OJ1aroIoTy4yysi, CaMOA0TIOMOTH
Ta KOHTpoJIto niabdery. SIk Haciinok, moHitopunr JA/1C e
YaCTUHOO 6araTboX HalliOHAJbHUX HacTaHOoB [15, 16]. ITo-
BimomusteThes, 1o migBumennit pisenb A/ C acomitoeTbest
3 TIOTipIIEHHSIM CAMOKOHTPOJIIO Ta ITiABUILEHHSIM PiBHS
HbAIlc [17]. TakuM YMHOM, TiABUIIYETHCS PUSUK PO3BUTKY
YCKJIaJAHEHb, MMOB’SI3aHUX 3 TPUBAJUMU IepiogamMu rinep-
riikeMii [15]. Otxe, AJ1C npuBeprae yBary yepes ioro He-
TaTUBHI MCUXOJIOTIYHI HACIIIKM Ta MOTEeHLia]l HEraTUBHUX
HACJIAKIB 11 (Di3MIHOTO 3I0POB’S.

3rigHo 3 OLiHKAMU Pi3HUX AoCTimKeHb y 30 % manieH-
TiB 3 niadeTom crnioctepiraeThest AJC [18, 19]. Po3pizuutu
JJC i genpecito yacto OyBae ckiiagHo. [lepmmii BUHM-
Ka€ B MOBCIKIEHHill pealbHOCTi XXUTTS 3 AiabeToM, Tomdi
SIK IPYTUI € 3araJIbHUM €MOLIMHUM 3aHETIOKOEHHSIM, SIKe

He IOB’s13aHe 3 KOHKPETHOIO CUTYALli€l0 4u cTaHoM [16].
Henpecist ta IJIC nipu niaGeTi MigBUILYIOTh PU3UK HE3a10-
BiJTbHOTO KOHTPOJTIO 3aXBOPIOBAHHSI, PO3BUTKY YCKJIATHEHD
Ta HU3BKOI SIKOCTi kUTTs namieHTa [20]. Takum yuHOM,
IICUXOJIOTiYHA oLliHKa xBopux Ha LI/] € >KUTTEBO BaXJIMBOIO
JUTSI TOCSITHEHHST ONITUMAJTLHOTO JIIKYBaHHS Ta 3a1100iraHHS
daranpHuM Hacnigkam [21, 22]. OTxe, NCUXOCOLiaIbHE
JIIKyBaHHSI TIOBUHHO BKJIIOUATKCS 0 KJIIHIYHOT TOTIOMOTH
IJ1s Joaeit 3 miabetoMm [15, 23].

PiznomanitHicts mxepen JIJ1C B moenHaHHi 3 HeIoCTaT-
HBOIO BaJIiTHICTIO 3MICTY B HAasSIBHUX iIHCTPYMEHTAaX BUMIpIO-
BaHHS MiIKPeCII0I0Th TPYAHOILI B KoHLenTyaizarii J1JIC.
1106 noxonaru e, Oynu 3pobieHi cripoou BuzHauuTy 1J1C
K OKpeMy KoHIUerio [16]. ¥ pamkax 1bOro JOCITiIKeH-
HSI MU HaMaraJjiicst 3po3yMiTH, 110 MOXe JIeKaTh B OCHOBI
JOC, 30cepeKyIounch IepeBakHO HAa eMOLIIMHIX MeXa-
Hi3max [14]. Hanpukian, BBaxkanocsk, 1o nmocuiaeHHs 1J1C
IOB’sI3aHe 3 TPhOMa acleKTaMM He3alI0BiIbHOI eMOLIiiTHOT
peryJisiiii — caMOOILIIHKOIO €MOLLil, iMITyJIbCUBHOIO peak-
IIi€I0 HA eMOIIil Ta HeIOCTaTHIM YCBiTOMJIEHHSIM €MOLIIMHIX
repekrBaHb, MOB’sI3aHKX 3 HiabeToM [24, 25].

INcuxoconianbHi akTopu pusuky A C 3HaYHOIO Mi-
polo ToB’si3aHi i3 3arpo3oto po3BuTtkKy CC3, KapaiaabHOI
aBroHoMmHoI HeiiponaTii (KAH) y xBopux Ha I1JI 2-ro Ty,
10 MiIKPECTI0E BAXJIUBICTb iHTErpallii mcuxocoiliaIbHOl
MATPYMKY B iHAMBiIyaJIbHI CTpaTerii JiKyBaHHsI MalliEHTIB
3 LIJI 2-ro Tumy [26, 27].

Panns niarnoctuka JJ1C, iioro BpaxyBaHHS SIK KJIIO-
4yoBOro (haKTopa B YIIpaBIiHHI 1ia0eTOM i BYUaCHE BTpyIaH-
HSI MOXYTb CYTTEBO TOKPAIIUTH TJIKEMiYHUI KOHTPOJIb
i gKicTb XUTTA nauieHTiB [20, 28]. Y 3B’43Ky 3 UM pO3-
poOka eeKTUBHUX iHCTPYMEHTIB JJIsI AiarHOCTUKMU 11i€l
npobjaeMu € BKpail BaxkiauBow. 3 metoro ouinku JJIC
pospobuieHo mkany ATT39, mkany nmpoOieMHUX 30H MPU
niabeti (Problem Areas in Diabetes, PAID scale), nepersi-
HYTUII OIUTYBAJILHUK IIoA0 cTpecy npu miabeti (Revised
Questionnaire for Stress in Diabetes, QSD-R), mikany nu-
crpecy npu aia6eri 1-ro tuny (Type I Diabetes Distress
Scale, T1-DDS), nepersistHyTy 1mIKany sIKOCTi XXUTTS TIpU
niaberti, minmkany «Tsrap Ta oOMeXeHHsT — IIOJeHHi KJ10-
MoTW», MiamKany «CaMonouyTTs Mpu AiabeTi» OMUTyBab-
Huka 28 (Diabetes-specific Quality of Life Scale-Revised
(DSQoLs-R) ‘Burden and Restrictions-Daily Hassles’ sub-
scale, Well-being Questionnaire 28, W-BQ 28), migmkany
«EMol11iiiHi ysiBlIeHHS» MEepersiHyTOro OoNnuTyBajJbHUKA
cpuitHaTTa xBopoou (Illness Perceptions Questionnaire-
Revised (IPQ-R) ‘Emotional Representations’ sub-scale)
i mKany nuctpecy npu miabeti (Diabetes Distress Scale,
DDS-17). Lli mikanu yCcImiiHO OXOILIIITh 6arato acrekTiB
JNC i € KOpUCHUMM $IK BilpaBHA TOYKA IS BUSHAYESHHS
MoxmBux cep AJC, tsxxkkocti A1 C ta cripusiHHs 00T0-
BOPEHHIO MiX MalieHToM i Jiikapem [24, 29]. OnHak icHye
JlyMKa, 110 11i TOKa3HUKU He € BaJiIHUMMU 32 3MICTOM i He
Jal0Th BCeOiYHOT oliHKM 1iboro sieuia [30]. YacTkoBo 11e
Moxke Oyt moB’si3aHo 3 TuM, 1o JJIC € KoHTeKCcTyalb-
HUM JOCBIIOM, SIKWIA 3aJIEXKUTh Bifl TaKUX (paKTOPiB, SIK BiK,
KyJbTypHE CEpeNOBUILIE, TUII Aia0eTy Ta TUI JIiKiB.

Cuctema ouinku auctpecy npu LJI 2-ro tuny (The
Type 2 Diabetes Distress Assessment System, T2-DDAS) —
1e €EOVMHUI creniamrizoBanuii iHcTpyMeHT ouinku JIJI1C,
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K1 OYB BaJliMOBaHUII Ta CTAaHIAPTU30BAHUI BUKIIIOU-
Ho Uit fopociaux nauieHTiB 3 L1 2-ro tuny. T2-DDAS,
CTBOpEHA Ta BallimoBaHa IJIs 3aXiIHUX MOITYJISALiN, Haga€
MOKJIMBICTb KOMITJIEKCHO OLIIHUTH SIK 0a30BUI eMOLIiTHMI
IuUcTpec, o’ ss3anuii i3 L1 2-ro Tumy, Tak i hakTopu, 110
itoro cipuunHsioTh [24]. T2-DDAS nosBoJisie mpoBecT
OLIIHKY CTaHy MalliEHTa Mia yac JliKyBaHHs 1iabeTy, a came
3aHETMOKOEHHS 1010 KOHTPOJIIO TJIiKeMil, TPUXUIBLHOCTI 10
JIIKYBaHHSI, TOBTOCTPOKOBUX YCKJIaHEHb Ta MICUXOCOLialb-
HOTO BIUIMBY 3axBopioBaHHs [29, 31].

Hamwu Oynio mpoBeneHe HOC/iIKeHHsI, CIIpsSIMOBaHe Ha
KPOCKYJIBTYPHY afganTallito yKpaiHoMoBHOi Bepcii T2-DDAS
[32]. O6cTexkeHo aBi rpynu, 3 HUX namientu 3 LIJ1 2-To Tury,
SIKi TIOCTITHO MpPOXXUBalOTh y M. JIbBOBi Ta obnacTi (1-11a,
n = 32), i xBopi Ha LIJI 2-TO TUMy, SIKi OTpUMAJIN CTaTyC
BITO (2-ra rpyna, n = 32). Jliarno3 L1/1 2-ro Ty BcTaHOB-
nmoBanu 3rigHo 3 [33]. BeretatuBHY (byHKIIiI0 BUMipIOBAIN
3a JOITOMOTOIO 3MiHM YacTOTH cepiieBuX ckopodeHb (UCC)
min yac rimbokoro Bauxy (crmiBBimHomeHHs 30 : 15) i mpoou
BanbcanbBu, opTocTaTUYHOI TPOOKM Ta KOPOTKOYACHOI Ba-
piabenbHOCTi cepueBoro putmy (BCP) [34]. BcranosieHo,
110 Hauoine Bupaxenuii piBeHs JJC cnocrepiraerbest
cepen BITO, siki crpaxnators Ha LIJ1 2-ro Tumy. Kpim Toro,
Yy LIMX TMaLi€HTIB CTATUCTUYHO 3HAYYIIUM € 301IbIIeHHS
Takux (haKTOPiB, SIK TIMOMIiKeMis, TOBTOCTPOKOBE 30POB’s,
B3a€EMO/Iisl 3 MEIUYHUMM TpaLliBHUKAMU, MiXKOCOOUCTICHI
npodaeMu, JOCTYM 10 MEAWYHOI TOTTOMOTH i BUMOTU Me-
HEIKMEHTY, MTOPiBHSIHO 3 JaHUMU, OTPUMAHUMU y OPYTiid
rpymi. Incrpyment T2-DDAS npogeMoHCTpyBaB XOPOIILY
3arajibHy HaJiliHiCTh, a (haKTop «1ia0CTUUYHUIT TUCTPEC»
MOKa3aB BUCOKY BHYTPIIIIHIO Y3rOIKEHICTh, 1110 CBiTYUTh
npo edekTuBHe BumiproBanHs JIC [32].

2. CKPWHIHr BeretatuBHoOi AUCPYHKLT

Yy XBOPUX HO LLYKPOBUM AiaBeT 2-ro tuny

KAH npu L1 2-ro Tumy XapakTepru3yeThCsl ypaskeHHIM
HEPBOBUX BOJIOKOH MapacUMITaTUIHOIO i CUMIIATUYHOTO
BinminiB BereratuBHOI HepBoBoi cuctemMu (BHC) Ta BBaxka-
€TBhCST He3aJIEXKHUM YUHHUKOM PU3HKY CEepIIeBO-CYTUHHOT
cMeptHOCTi [35, 36]. UnHHI Ha ChOTOAHI KITiHIYHI HACTAHOBU
PEKOMEHIYIOTh IIPOBOIUTH ITOIIYK BETETATUBHUX CUMITTOMIB
y Oyab-sIKOTO TalieHTa 3 fiadetoM [27]. 3010THiI cTaHAapT y
nmiarHoctuili KAH 6a3yeTbcs Ha pe3ybTraTax TeCTiB Kapaio-
BackysipHux peduiekciB (cardiovascular autonomic reflex
tests, CART’s), ripoTe ix IIpoBeeHHSI ITOTpedye CrelialbHO-
ro o0JIagHAaHHS Ta BOJIOMIHHS MeToauKamu [27, 35]. 3 MeToro
3a0e3MeyeHHs] CUCTEMAaTUYHOI Ta KiIbKICHOI OLIiIHKY BereTa-
TUBHUX CUMIITOMIB PO3pO0JICHO ONMUTYBaJbHUK «IIpodinb
BereTaTUBHUX CUMNTOMIB» (Autonomic Symptom Profile,
ASP), a Takox «OnUTyBaJIbHUK BEreTaTUBHUX CUMIITOMIB»
(the Survey of Autonomic Symptoms, SAS) Ta onuTyBayib-
HUK «KoMIo3uTHA OlliHKa BEreTaTuBHUX CUMMOTOMIB 31»
(Composite Autonomic Symptom Score, COMPASS 31) [30,
37]. COMPASS 31 BanimoBaHo yist 1iarHOCTUKU T1iabeTUUHOT
KAH 3 yymmmsictio 75 % i crienniunicTio 65 % mpu BUKO-
PUCTaHHI SIK TOPOrOBOTO 3HAUEHHSI 3aTaIbHOTO 3BaXKEHOTO
Oana (total weighted score, TWS) [38].

OpurinanbHa Bepcis COMPASS 31 anriilicbkoto
MOBOIO BUKOPUCTOBYBaJach y HU3III AOCHIIXEHb i BU-
SIBUJIAcSl HAMiHOIO Ta TMIPAKTUYHOIO aHKETOIO 3 METOIO

KinmbKicHOI oniHku nucdyukuii BHC y mamienriB 3 He-
BPOJIOTIYHUMM 3aXBOPIOBaHHSIMHU, a TakoxX KAH mpu LT
2-ro Tuny [39].

Marepiamm Ta metoau. Hamu o6¢cTeskeHo 36 XBopux Ha
I 2-ro Tuny, 3 Hux 16 — 3 L1 2-ro tuny Ta KAH. Kon-
TPOJIbHY TPYIY CTAHOBMJIM 16 MPaKTUIHO 3MOPOBUX OCi0.
Yci yyacHUKM AOCTiIKEHHST Oy IBOMOBHUMMU, YKpaiHChbKa
OyJa pimTHOIO MOBOIO, Ta BOJIOMIIN aHTJiichKo10. Berera-
TUBHY (DYHKIIit0O BUMipioBa 3a gonomorot 3minu YCC
ITia yac mmbokoro Bauxy (cniBBimHomeHHs 30 : 15) i mpodu
BanbcanbBu, oprocrarnyHoi mpoou (CART’s) Ta kopoTko-
yacHoi BCP [34, 40]. JlinrsictTuuHo BajimoBaHa yKpaiHChKa
Bepcis COMPASS 31 Gyna niepexkiiazeHa 3a JOIIOMOTOIO
MeToay npsimoro/3BopotHoro nepekiany. COMPASS 31
CKJIaga€eThes 3 31 3ammTaHHs, SIKi 3TPYIIOBaHi y IIiCTh I0-
MeHiB [37]. 3BaxeHi 6au 32 OKpeMUMU TPYIIaMMU ITiICyMO-
ByBaJIM 10 3HaueHHs TWS, moka3HUK sIKOTo IepedyBa€ B
Mexkax Bif 0 1o 100, ne 0 o3Hava€e BiACYTHICTh BEreTaTUBHUX
CUMIITOMIB, a 100 — HaWTsKUi BereTaTUBHI cuMITOMM [38].
3uaueHHs TWS > 16,44 Beaxkanu nopyiueHHIM. JletaabHa
iHdopMallist onucaHa B OpUTiHAIBbHIN Ta yKpaiHOMOBHil
Bepcisx COMPASS 31 [30, 37].

BcraHoBieHo, 1m0 ykpaiHomoBHa Bepcist COMPASS 31
CYTTEBO Ta MO3UTUBHO KOpPEJOBaJIa 3 OPUTIHAJIbHOIO Bep-
cie;ro COMPASS 31 momo TWS (p < 0,05), a TakoxX y cexpe-
ToMoTOopHOMY (p < 0,05) i HITYHKOBO-KHUIIIKOBOMY JTOMEHAaX
(p <0,05) (puc. 1). TWS B yKpaiHOMOBHili Ta OpUTiHAIbHIM
Bepcissx COMPASS 31 OyB 3HaYHO BUIIMM Y TAIliEHTIB i3
LI 2-ro Tumty i KAH (ocHOBHa rpyta).

PesynbraTi 10CHizKeHHs 103BOJISIIOTh CTBEPIXKYBaTH,
o ykpaiHomoBHa Bepcist COMPASS 31 Hanae niiicHi Ta
HaJiliHi gaHi, SIKi He BiIPi3HSIOTHCS Bill pe3yabTaTiB, OTPU-
MaHUX 3a JonoMoro opuriHaibHoi Bepcii COMPASS 31.
3okpema, TWS Tta cybb6anm, oTpuMaHi y Iali€HTIB i B
KOHTPOJIbHIN Ipymi 3a JOMTOMOTOI0 yKPaiHOMOBHOI Bepcil
COMPASS 31, neMOHCTPYIOTh TiCHUI1 3B’SI30K 3 OaaMu,
OLIIHEHWMM 3a JOMOMOTOI0 OpUTiHAIBHOI Bepcii. Takum
YUHOM, HaOiliHiCTh YKPaiHOMOBHOI BepCii He BiIPi3HSIETHCS
BiJl aHAJIOTIYHOI, MPOJIEMOHCTPOBAHOI B PiI3HUX JOCTIIKEH -
HSIX 3 BUKOpUCTaHHSIM opuriHaiibHOI Bepcii COMPASS 31
[39]. Kpim Toro, ykpainomoBHa Bepcis COMPASS 31

OprocTaTnyHa
HenepeHoCUMICTb

BasomoTopHuit
Z0MeH

CeKpeToMOTOPHMIA
ZOMeH

LLinyHKoBO-
KWLUKOBW JOMEH

CeyoBuit Mixyp

SiHn4HNi pedpnekc

KoHTpornbHa rpyna B OcHosHa rpyna |

PucyHok 1. lMokasuuku cy66anise COMPASS-31
B 06CTEXEHUX rpynax; * — BiporigHicTb pisHuLi
3 KOHTpoObHOtO rpynoro (p < 0,05)
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MPOJEMOHCTPYBaja BUCOKY BHYTPIIIIHIO Y3TOMKEHICTh i3
3HayeHHsIMU o KpoHbaxa, siki Oyau mogiOHi 10 3HaUeHb QL
Kponbaxa B opurinanbHomy COMPASS 31. Sk i Bci min-
tBepmkeHi Bepcii COMPASS 31, BaninoBaHa ykpaiHOMOBHa
BEPCist MOXe CIIY>KUTHU KJIiHIYHO KOPUCHUM iHCTPYMEHTOM
CKPUHIHTY, SIKWii 1a€ MOXJIMBICTb BUBHAUYUTU HEOOXiTHICTh
MOAAJBIIOrO CcrellianizoBaHoro TectyBanHs [30].

3. BapiabeAbHiCTb cepLeBoro purmy

YCC 3HauYHOIO MipO10 3HAXOAUTHCS ITi MOABIMHUM
koHTpoJieM cumnatuyHoi (CHC) Ta napacuMnaTuyHoi
HepBoBoi cuctemu (IICHC) [41]. ducperysiiiisi KOHTPO-
mo BHC Hag cepiieBo-CyIMHHOIO CUCTEMOIO OB sI3aHa 3
nigsuieHHs M Tonycy CHC i 3HukeHHsm toHycy I[TICHC,
IIIO CITOCTEPIira€ThCs y MAlli€HTIB, SIKi CTpaXkHaamoTh Ha
HainomupeHimri 3axpoproBaHHs. BumiptoBanHs YCC €
HaNIMPOCTIINM OioMapKepoM IJisl BUMipIOBaHHSI aKTUB-
Hocti [ICHC [42]. Ognak 0yio 1oBeIeHO, 10 PeeECTpallis
cepueBux iHtepBaiiB R-R (BCP) BimoGpakae MoayJsiio
cepueBoi aktuBHoOcTi [ICHC 3a nonomoroto n. vagus [42].

HanmipHa aktuBHicts CHC i 3HUXXeHa aKTUBHICTb
IICHC € Busnanumu xapakrepuctukamu aeskux CC3,
SIK-OT apTepiaibHa rinepreHsist (Al'), XpoHiYHUIT KOpOHAap-
HUI CUHIPOM i XpOHiuHa cepleBa HeAOCTaTHICTb [43, 44].

BCP xapakTepu3yeTbcs 3MiHOIO iHTEpBaJiB MiX MO~
CJIITOBHUMM CEPLIEBUMU CKOPOUYEHHSIMU, 1110 BimoOpaxkae
BIUIMB K. vagus Ha poboTty cepiist [45]. Bucokuii piBeHs BCP
y CTaHi CrokKoo cBimuuTh npo 3natHicth BHC edekTuBHO
azanTyBaTHCS 10 3MiHHUX YMOB, a TAKOX acCOIIIOEThCS 3
LiJIecIpsIMOBaHUM PETYJIIOBAaHHSIM €MOLliii, aneKBaTHUMU
peaxilisiMy Ha KOHTEKCT, IIBUAKUM BiTHOBJICHHSIM ITiCJIst
cTpecy Ta MpoIyKTUBHOIO 00pOOKOI0 HEraTUBHUX CTUMYJIIB
[46]. HaTtomicTb HM3bKMI1 piBeHb BCP BKasye Ha TpymIHOLII
BHC y npucrocyBaHHi 10 CTpeCOBUX CUTYalliil i KOPETIOE
3 HaJMIpHOIO YYTJIMBICTIO Ta HealanTUBHOIO MepepoOKOI0
emouiitHoi iHdopwmairii [47].

[ToniBaranbHa Teopist migkpecstoe, 1o ¢isiosoriyHi
CTaHU BU3HAYalOTh HU3KY COLiaJIbHUX (hOPM ITOBEIiHKU
Ta 3MaTHOCTI 10 perysiiiii emotliii [48]. Tonyc n. vagus €
OJHUM 3 MOKa3HUKIiB TOHiYHOro KoHTposto [TCHC Han
YCC i BimobOpaxkae rajJbMiBHi BIUIUBU, SIKi IIPU3BOIITE 10
3HmkeHHs1 YCC nopiBHSIHO 3 iX 6a3ajJbHUMU MMOKA3HU-
KamMu. N. vagus YMHUTb CUJILHUM BIUIMB Ha TPUXWIBHOCTI
JIIOAVHU, COLliaIbHY MOBEMiHKY, CAMOPETYJIALIII0 i HABITh
KOHILIeHTpallito yBaru [48].

3.1. BapiabeAbHicTb CepLeBoro putMy
i AernpecuBHi CTQHN

MexaHi3M1 B3a€EMO/ii MiXX CTPECOBUMMU CUTYaIlisIMU,
nenpecuBHuME cTaHamu Ta CC3 MOKM 3aIUIIaIOThCST He-
JOCTaTHBO BUBYeHUMU. OTHAK Teopist OCi «ceplie — MO30K»
(heart-brain axis, HBA) moxke HagaTtu LiHHUI TTOTJISII Ha
IXHIO B3aeMo3aJieXXHicThb. LlsT KoHIenisa onucye ckiam-
HY B3a€EMO/IiI0 MiXX CeplieM i MO3KOM, siKa BILJIMBA€E K Ha
BUHUKHEHHSI CTPECOBUX CTaHIB i IEMPECUBHUX PO3JAIiB,
TaK i Ha po3BuToK CC3 [49]. TpaguiiiHO MO30K BBaxKaBCsl
KepiBHUM IIEHTPOM OpTaHi3My, a ioro (yHKIiii Ta ¢izio-
JIOTIYHI CTaHUW PO3TJISIAINUCS HEe3aJeXXHO OMHI BiJl OMHUX
[50]. IIpoTe cyyacHi AOCTiIKEHHS i3 3aCTOCYBAaHHSIM TaKMX
METOIiB, SIK TO3UTPOHHO-eMiciitHa Tomorpadis (ITET) Ta

enexkTpoeHnedanorpadisa (EEI), BusgBunm nuHamMidyHUI
B3a€EMO3B’SI30K MiX ceplieM i Mo3koM. Bigomo, 1110 mo-
TeHIiax, cnpuunHeHuii cepueouttam (heartbeat-evoked
potential, HEP), siByisie co6o1o0 peaxilito MO3Ky Ha KOXHE
cepleouTTsa. BBaxaeTbcs, 1110 115 peakliisl BinoOpaxkae me-
penayy cepieBOoro CUrHaiIy /1o IIeHTpaJIbHUX BEreTaTUBHUX
30H i CJTyTY€ MOKAa3HUKOM BHYTPILLIHBOTO CIIPUMHATTS Tina,
30KpeMa iHTepouernii [51, 52].

Ceplie Ta MO30K SIK OCHOBHI OpraHu KpOBOHOCHOI Ta
neHTpaabHO1 HepBoBOi cuctemu (LIHC) dyHKIIiOHYIOTH
aBTOHOMHO, MPOTe BOHU aHATOMIYHO i (DYHKIIiIOHAJIBbHO
B3aemornoB’g3aHi uepe3 BHC [49]. HepBoBa cucrema Bi-
Nirpae KJIYOBY poJib y 3a0e3rnedyeHHi ¢i3iosoriyHux ta
natodizioaoriyHuX MPOILIECiB CEPIIeBO-CYTMHHOI CUCTEMH.
[NcuxomoriuHi mmponecu Ta ixHi HEHPOHHI OCHOBU MalOTh
TICHUI 3B’SI30K i3 peryJisilii€o BHYTPIlTHiX CTaHiB OpraHi3-
My [53]. InTeporuemniiisi, sKka rpyHTyeThcsa Ha poooti BHC,
€ KPUTUYHO BaXKJIMBOIO JUISI TIiATpUMaHHs (i3ionoriyHol
piBHOBaru, (opMyBaHHS €MOLIIMHOro TOCBimy i perymisitii
MMOBENIHKOBUX peakiiit [54].

Ctpec, cnpuYMHEHUN aUcbalaHCOM roMeocTasy 4u
MIi€I0 30BHIIIHIX MOAPA3HUKIB, € MOTYKHUM (haKTOpOM
PU3UKY PO3BUTKY NENPECUBHUX CTaHiB [55]. XpoHiuyHMIA
MCUXIYHUI CTpeC 4acTO aKTUBYE i MOMOBXKYE aKTUBHICTh
CTPECOBOI peaKllii, 1o 3MiHIOE (i3i0I0TiUHI Ta ITOBEIiHKOBI
ajarnrallii, a TAKOX IMPOBOKYE CTPYKTYPHO-(PYHKIIOHATbHI
MOPYLIEHHS y OisTHKaX MO3KY [56]. CtpeciHaykoBaHa Mi-
TOXOHIpiaJibHA TUCMYHKILisSI MOCUIIOE BUPOOJIEHHS aKTUB-
HUX (POPM KHCHIO, 1110 MA€E BaXKJIMBE 3HAUEHHS Y MaToreHesi
CC3 Ta nenpecuBHMX CTaHiB [57].

LlentpanbHa BereraTuBHa cucTtema (central autonomic
network, CAN) € HeBiT’éMHUM KOMIIOHEHTOM CUCTEMU
BHYTPILIHbOI peryJisiii, 3a nonomoroio sskoi IIHC koHTpo-
JIIOE BiCLIEPOMOTOPHI, HEMpOSHIOKPUHHI, 00IHOBI Ta ITOBE-
niHkoBi peakitii. [TpecdponTanbHa Kopa (ITPK) i muraane-
IMOIiOHE TiJIO TOJIOBHOTO MO3KY SIK HEBill’€MHi KOMIIOHEHTH
CAN uepe3 n. vagus i TinoraaaMmo-cToBOYPOBI 1ILJISIXU OMO-
CEPEKOBYIOTh BEreTaTUBHUI KOHTPOJIb BUCOKOTO MOPSIAKY,
OB’ SI3aHUI 3 KOTHITUBHUM CIIPUMHSTTSIM i eMOLIITHUMA
peakuismu [58]. TNnodyukuis [MTPK, gk e criocrepira-
€ThCS IIPU PO3IANax, MOB’ sI3aHuX 3i cTpecoM, sik-oT [ITCP,
a 'y HallloMy BUITaAKy — 3i cTpecoBoio cutyaiiieo y BITO,
MOXe€ MPU3BOIUTHU IO HEIOCTATHHOTO KOTHITUBHOTO BILIUBY
EeMOIIIMHUX peakiliil i, SIK HACIiMOK, 0 TilepaKTUBHOCTI
MuraaienofaioHoro Tina [59]. 3HnKeHHs QYHKIIOHAIBHOT
akTuBHOCTI [TDK Mozke BruiMBaTH Ha BereTaTUBHI IEHTPH
(rimorajzamyc, CTOBOYp MO3KY), IepucepruIHy aKTUBHICTb
BHC Ta mmHamiky iHTepBaiB cepLIeOUTTSI, 110 IIPU3BO-
nuth 1o npurHiyeHHst BCP [42, 59]. TinoaktusHicts [TOK
MPOSIBIISIEThCS Yepe3 3HKeHHs1 BCP, 1o nmpu3Boauts 1o
TMOTipIIEHHS 3IaTHOCTI 10 eMOLIIITHOL peTyJIsilii, 3SMEHIIIeH-
HsI TICUXOJIOTIYHOI THYYKOCTi Ta MOPYILIEHHS COolliaJbHOL
akTuBHOCTI [42]. Ha dynkuionansHuii ctan BCP 3HauHOIO
Mipo10 BIUIMBA€E aKTUBAllisl Ta/ab0 ralbMyBaHHS MEPEX Y
IIHC, oco06imBo TUX, 1110 TTOB’sI3aHi 3 MUTIAJIMHOIO, SKi, B
CBOIO Uepry, BU3HAYalThCs KilbKoMa (haKTopamMu, B TOMY
YUCIT EMOLIIHHNUM CTAaHOM. 3B’SI30K MixK aKTUBHICTIO MO3KY
Ta BCP TakoxX minTBepIkeHO KiJIlbKOMa JOCIiIKeHHSIMN
EEI', ocobauBo 1in yac cHy SIK y ¢i3ioJoTiyHMX, TaK i B
aToJIOTIYHMUX yMoBax [60].
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Jo6pe 3a00KyMEeHTOBAaHO, 1110 TPUBOXKHI Ta AEIIPECUBHI
po3J7aay 3HaYHOIO MipOI0 KOPETIOIOTh i3 YIOBIIbHEHHIM
Mpoliecy BiITHOBJIEHHS Ta MiIBUILIEHUM PU3UKOM CMEPTHO-
cTi. OTHUM i3 MOXJIMBUX MEXaHi3MiB, SIKWI TTOSICHIOE TT0-
TipIIEHHS CTaHY CepPLIEBO-CYIMHHOI CUCTEMM Ta 3pOCTaHHSI
cMmepTtHOocTi Bim CC3 y TakuX IMalli€HTIB, € XPOHIUHE TTOPY-
HIeHHS (PYHKIIIOHAIBHOI LiTicHOCTI cepiist. Lle mopyiieHHsI,
iMOBipHO, cipuYMHEeHe TpuBaioio gucperyiasanieiro BHC
[61]. HacmipaBai BUsIBJIEHO, 1110 TPUBOTa Ta ACTPECUBHI CTa-
HU TicHO noB’s13aHi 3i 3HmkeHHsIM BCP, po3sutkom [TTCP
[62]. 3HMKEHHSI KOHTPOJTIO A. Vagus HaJl CepLieM ITiIBUIILYE
BPa3JUBICTh 10 CUMIIATUYHOI CEPLIEBO-CYIMHHOI illleMii Ta
3JIOSIKICHUX apUTMiii, 1110 CIIPUSIE TTiABUILIEHHIO CMEPTHO-
cti [63]. Takumit maTodizionoriyHmnii B3a€M0O3B’ 130K MOXKHA
PO3IJISIIATH SIK 3aMKHYTE KOJIO, B IKOMY XPOHiYHi 3aXBOPIO-
BaHHS MOTipIIYIOTh BeTeTaTUBHUII KOHTPOJIb Hall MioKap-
IIOM, a TIOTipIIeHHS 300POB’sI CePLIEBO-CYIMHHOI CUCTEMM,
1110 BUHUKA€E BHACJIJIOK 1IbOTO, TiJIBUIIYE BPa3IUBICTh 10
crpecy [64]. Lle TakoxX MiIKpecTioe MOTEHIIITHY BaXKIUBICTh
i XopucHicth BCP sIK miarHOCTUYHOI i TepaneBTUIHOI Mi-
LIEHI KOHTPOJIIO AMHAMIKM TTCUXOJIOTIYHOTO CTaTyCy, CTaHy
CeplLeBO-CyIMHHOI CUCTEMH Yy TALIIEHTIB 31 CTAHOM TPUBOTU
i nenpeciero [64, 65].

JlernmpecuBHi CTaHU € ONHUM i3 HAWITOIIMPEHIIIUX i
HaANTSKUMX TICUXOMATOJIONUHMX CTaHiB [66]. 3 omisiay Ha
3HAYHi MOPYIIEHHSI OCHOBHUX IICUXOJOTTYHUX (PYHKILINA,
TOOTO ITi3HAHHSI, eMOLIIMHOI PEeryJIsIilii, ICMXOMOTOPUKH,
MOTHUBAllil Ta HEMPOBEreTATUBHUX MPOLIECiB, NEMPECUBHI
CTaHM MOXYTh IMPU3BECTHU OO0 TSKKOI iHBamimu3auii [67].
LleHTpaJIbHOIO O3HAKOI PU3UKY JAENPECUBHUX CTaHIB €
CXUJIbHICTh pearyBaTy Ha CMYTOK 3a IOIIOMOTOIO0 pyMiHa-
TUBHOTO MUCJIEHHS, 1110 BimoOpaXkae HeaJanTUBHY 3/1aT-
HICTb 10 peryJsilii eMollil, sika, SIK BUTAETHCS, IPOTHO3YE
SIK TPUBAIICTh, TaK i TSXKKICTh IETIPECUBHUX CUMIITOMIB
[68]. TTpocTeKTUBHI HOCTIAKEHHS MOKa3aau, 10 PyMi-
Hallis Iepeaye IosIBi ASMPEeCUBHUX CTAHIB i € KIIIOYOBUM
MNpeIuKTOPOM BUHUKHEHHS €Mi30/iB aemnpecii. Baxiuso,
110 OJHUM 3 OCHOBHUX NaTO(i3i0JOriyHMX MeXaHi3MiB,
1110 TIOB’SI3YIOTh PyMiHATUBHE MUCJEHHS 3 IeTIPECUBHUMM
craHamu, € nuchyHkiiss BHC [69, 70].

BCP Bxe TpuBanmii yac nepedyBa€ B LIEHTPi yBaru 10-
CJiXKeHb OioMapKepiB nenpecuBHUX ctaHiB [71]. [linBuine-
Ha yactora CC3 cepen Nali€HTIiB 3 AeMPECUBHUMU CTaHAMU
MpUBEpHYJa yBary J0 BereTaTUBHOI peryJsiilii ceplieBoro
PUTMY SIK iX OTeHLiHOTO NMaTodiziosoriyHoro MexaHis-
My. 3MiHa peryJisiiii cepleBoro puTMy, Ha SIKy BKa3ylOThb
nokasuuku BCP, HeogHOpa3oBO criocTepiraiacst mpu ae-
MPECUBHUX CTaHAX BIIPOMOBX YChOro XUTTs [61]. TIpurHi-
yeHHs1 BCP acoltitoeTbes 3 TSIKKICTIO AeTTPECUBHUX CTaHIB,
a mmapameTpu, oTpuMaHi Ha ocHoBi BCP, 3acTocoByloThcs
IS BUSHAUEHHSI TSDKKOCTI 200 HaBiTh 3MiH Y BUPaXKeHOCTI
ix cummnromis [62, 72].

BereraruBHa mucdyHKIIis, 30KpeMa 3HIKEHU TOHYC
n. vagus, TOTEHLIHHO Bilirpa€e BaxkJIWBY POJib Y PO3BUTKY
NEeTIPECUBHUX CUMIMTOMIB. 3alIpONIOHOBAHO IHTEIPOBAHY
MoOJeJb, 3TiTHO 3 KO0 BarycHo orocepeakoBaHa BCP
CIIpUsI€ TTIOCWICHHIO acolliallii MixK TenpeCUBHUMU CUMII-
ToMaMH Ta 3aaymiauBicTio [73]. 3 ornsiny Ha Te, mo BCP
Ta 3aAyMJIUBICTb, SIKa BUCTYMA€E OHI€I0 3 (pOopM pyMiHallii,
MalOTh TiICHUI B3a€MO3B’I30K Y (POPMYBaHHI BUPAKEHOCTI

NETIPECUBHUX TIPOSIBIB, 11i MOKA3HUKN PO3TJISIIAIOTHCS SIK
MePCIeKTUBHI KJIiHIYHI MillleHi 1151 MpodilakTUKY Ta Tepa-
ITi1 LIOTO 3aXBOPIOBaHHS, SIK apryMeHTy1oTh C. Dell’Acqua
et al. (2021) [74]. Tpote Hapa3i Opakye nOCTiKEeHb, sIKi O
YiTKO BM3HaYaIM, Y Moxke 3HKeHa BCP Oytu noB’si3aHa
3 (pakTOpaMu Bpa3aMBOCTI, 11O CIIPUSIIOTh PU3MKY PO3BUTKY
NeNPECUBHUX CTaHiB.

3.2. BapiabeAbHiCTb CepLeBoro putMy
i Aia6eTnYHa KapAiaAbHQ HeAPONQATis

Hucoynkuis BHC noenHyeThcsl 3 YUCIEHHUMU MaTO-
(iziosoriyHMMU cTaHAMU i 3aXBOpIOBaHHSIMU, 30Kpema Al,
MeTabOoIYHUM CUHAPOMOM, MOPYIIEHHSIM TOJIePAHTHOCTI
1o rmoko3u/L 2-ro tuny, po3sutkom KAH [27, 34]. Bpa-
XkaeTncs, mo KAH 1moB’s13aHa 3 BUHUKHEHHSIM Oia0eTy, ae
BereTaTMBHa AUCQYHKIIiSI TTOIIMpPEeHa BXe B TIpeniabeTny-
HOMY CTaHi Ta mporpecye min yac maHidectHoro LIJI 2-ro
tuny. KAH nipu LI 2-ro Tuny BBaXKaeThCsl He3aJIEKHUM
YMHHUKOM pu3uKy cMepTHocTi Bin CC3 [34]. BpaxoBytoun
BB KAH Ha gkicTh xutTs nmamieHTiB i3 L1 2-ro tumy,
HasIBHi peKOMEH/Iallii MPOIMOHYIOTh MPOBOAUTH MOLIYK Be-
reTaTUBHUX CUMIITOMIB y OyIb-sIKoro mnamieHTa [35]. OmHak
tonorpacdiuHe po3rairyBaHHss BHC He nae 3Mmoru nposectu
npsiMe ii ¢iziosoriyHe TecTyBaHHs, a OTXKe, HeOOXiTHO BU-
KOPUCTOBYBAaTH HEMPsIMi BUMipIOBaHHSI.

3onotuii cranaapt y niarHoctuili KAH 6a3yetncs Ha
pesyabratax CART’s [75]. ¥ mauienrtiB 3 LIJI 2-ro Tumy i3
cyokiiHiuHOo KAH Hepinko 1iarHOCTYEThCs IPUTHIYEHHS
BCP, gke, ogHak, 4acTo 3aJIUIIAETHCS HEBUSBICHUM 3a
norioMoroo CART’s. 24-ronvHHUI XOJATEPiBCbKUIA 3amuc
EKIT € 3010TuM cTaHmapToM y cTpaTudikallii pu3uKy Ia-
mienTiB 3 miabetnyHoo KAH tomro [45]. OmHak 3pocia
rnorpeda B OTpUMaHHi pe3ybTatiB BuMipioBaHb BCP 3 Bu-
KOPHCTaHHIM KOPOTKOCTPOKOBHUX YaCOBMX PaMOK (TpUBa-
qictio 5 xB) [76]. Lle 3yMOBJIEHO HEOOXiAHICTIO CKOPOTUTH
yac i BUTpaTy Ha BUALICHH i aHami3 iHoekciB BCP. Kpim
TOro, 24-roIMHHUI XOJITePiBCbKUI 3alMC HECYMICHUIA 3
IUHAMIKOIO NesIKuX (i3ionoriYyHux MexaHi3MiB, SIKy MO-
TpiOHO 3apeecTpyBaT (HANIPUKIIAA, CTPUOKM KOTHITUBHOTO
HaBaHTaxkeHHs To1o) [77].

Hamu mpoBeneHo aHati3 0coOIMBOCTEN KOPOTKOYACHOI
BCP y BITO, xBopux Ha LIJI 2-ro tuny. O6¢cTexXeHo Tpu
Ipynu, 3 HUX — 16 MpakKTUYHO 3M0POBUX OCIO (Ieplia rpy-
Ia, KOHTPOJIb), natieHTu 3 LIJ1 2-ro tTumy i3 cyOKJiHiYHOIO
KAH, sxi nocriitHo nipoxkuBaoTh Yy M. JIbBOBIi Ta 00JacTi
(mpyra rpyna, n = 16), i BITO, xBopi Ha 1IJ] 2-ro tuny i3
cyokniniunoo KAH (tpets rpyma, n = 16). BctaHoBieHo,
o y mauieHTiB i3 LI/1 2-ro tumy ta cyoxminiunoro KAH
crnoctepiraetbesd 3Hauyile nigsuineHHs YCC i 3HMKeHHS
cepenHboi TpuBaiiocTi iHTepBaiiB R-R (median RR interval,
mRR); BincoTka nmociinoBHux iHTepBasiB N-N, pizHUILI
Mix sikumu niepepuiye 50 mc (percentage of consecutive
NN intervals that deviate from one another by more than
50 ms, pNN50%); piBaiB HF i HopMoBaHOi oguHUII
crekTpa BucoKodacToTHoro kommnoHeHTa (high frequency
normalized unit, Hf norm). Lle cBinuuTh mpo 3MeHILIEHHS
aktuBHOCTI [ICHC, 1110 BUKIMKA€E BiTHOCHE MOCUJICHHS
aktuBHOCTi CHC Ta minBumeHHst nokazHuka LF/HF [78].
V BIIO i3 /] 2-ro Tuny Ta cyokiaiHiuHoio KAH criocrepi-
raeTbes nopanbie 3Hauyle 30inbieHHsT YCC, 3HIDKeHHST
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mRR, RMSSD, HF, Bincorka HF B 3aransHOMYy criekTpi
BCP (percentage of HF in the total spectrum, HF%), a Ta-
KOX 3pOCTaHHSI HOPMOBAHOI OMMHMUIII CIIEKTPa HU3bKO-
yacTtoTHOTro KomroHeHTa (low frequency normalised unit,
Lf norm), BifcoTKka nyXe HM3bKOYACTOTHOTO KOMIIOHEH-
Ta KapmioputMmy (percentage of VLF in the total spectrum,
VLF%) (puc. 2).

Taxi 3MiHM MOXYTbh CBITUMTU HE JIMIIE PO ITOAAIBIIY
aKTMBAILiI0 CHMITATUMHUX MEXaHi3MiB peryJisilii, aje i mpo
ajanTaliiiHi peakilii, 1110 BUHUKJIM Ha (DOHI CTPECOBUX CH-
Tyauiit y nux nauieHriB [45]. 3menmenns LF i HF, BusiB-
nene y BIT1O i3 LI 2-ro tumy Ta cyoxiiHiunoo KAH, Mmoxe
CBITYUTH TPO Ocy1abaeHHs 6apopedIeKTOPHOTO MeXaHi3My
Ta 3HWXKEHHS TapacUMITaTUYHOI PETyJIsiLii CepleBO-CyIUH-
HoI cucteMu. IMOBipHO, 3a3Ha4YeHi 0COOJIMBOCTI CIIPUSIOTH
3HAYHUM KOJIMBAHHSIM y MTapacUMIAaTUYHii aKTUBHOCTI, 1110
3HAMIIIIO BimoOpaXkeHHs Y 3MiHi BiICOTKOBOI'O MMOKa3HUKA
HF. 4dx Binomo, VLF% Bino6pakae akTUBHICTb CUMITATAY -
Horo Binainy BHC i TicHo kopeioe 3 piBHEM IICUX0EMO-
1iiTHOTO HaBaHTaXeHHS Ta (GPYHKIIOHAJIBHUM CTAaHOM KOPU
rojioBHOTo Mo3Ky [79]. Taka 3MiHa € TUTIOBOIO ISl CTaHiB
iHTEHCMBHOTO HEPBOBO-EeMOIIiifHOTO HarpyxXeHHs [80].

OTxe, y pe3yJIbTaTi OCTiIKEHHST BUSIBJIEHO 3HUKEHHS
BCP ta aktuBHocti [ICHC, 110 BinmoBinae 3a ii peryJsitiio,
a TaKOX MiBUIIICHHST YYyTJIMBOCTI pUTMY CEPIIsl 0 BILJIUBY
CHC. Busiieni 3miHu, 3adikcoBaHi y NaiieHTiB 000X IpyIl,
BKa3ylOTh Ha PAaHHE MOPYIIEHHS TTapacUMITaTUYHOI pery-
JISILT cepLeBOl AisUIBHOCTI, 1O € OJHIEIO 3 MEPIIMX O3HAK
po3Butky KAH mpu LIJI 2-ro Tumy [34, 45]. BukopucranHs
KopoTkodacHoro aHaitizy BCP moxe OyTu sSIK eKOHOMiYHO
BUTIIHUM, TaK i HQYKOBO OOIPYHTOBAHUM MidXOI0M IS
panHboi aiarHoctuku KAH y mauienris i3 LI/ 2-ro Tury.
OTpuMaHi JaHi MOXYTb CTaTWM OCHOBOIO JIJISI CTBOPEHHSI
e(eKTUBHUX CTpaTeTiil MpoiIAKTUKI, a TAKOX HOBUX M€~
TOMiB CBOEYACHOI AiarHocTukM Ta Teparnii BITO, xBopux Ha
1IJI 2-ro tumy.

TlcuxocomnianbHMIA cTpec BUSHAYAETHCS SIK peakllist op-
raHi3aMy Ha CKJIaJHi XKUTTEBI CUTYyallii, HAIpUKIaa 6e3po0iT-
Ts1 [42]. Y KOHTEKCTi HAallIMX JOCTiTKEeHb, TIPOBEICHUX CEpe/T
BITO, cTpecoBi YMHHUKU HEPiIKO MOB’sI3aHi 3 BUMYIIIE-
HUM nepeceleHHsIM. EMOIIiiiHI IposiBY IICUXOCOIiaIbHOTO
crpecy 3a3Buyaii cyrnpoBoKyoThest 3MiHamMu YCC Ta BCP,
mo € HacaigkoM aktuBauii CHC i nmpurnivenns [ICHC.
TpuBanuii ncuxocouiaJabHUR CTPEC CYNMPOBOIKYETHCS

HelipoeHIOKpuHHOI akTuBalieo ['TAB (rimoTazamo-ri-
nogizapHO-HaJHUPKOBA BiCb), sIKa BKIIIOYAE BUBLILHEHHS
KOPTUKOTPOIIiHY, aIpeHOKOPTUKOTPOIIIHY, HOpaapeHaIiHy
Ta cekpeliro Koptuzoiny [81]. Mu minTpuMyemo mo3utlito,
BucioBiaeHy M. Siepmann et al. (2022), 110 30iJIbIIIEHHST
CUMIIATUYHOI aKTUBALIii Ta/a00 3HMKEHHS MTapacuMITaThy -
HOTO BIUIMBY B YMOBaX IMCUXOCOILIiaJIbHOTO CTPECY MOXHaA
BBaXKaTW MapKepOM I1aTOJIONYHUX CTaHiB [64].

Bimomo, 1o Husbkuii piseHb BCP € (hakTopom pusnky
CC3 [45]. Husbka BCP Bka3ye Ha 3HMKEHHS MapacuMIIa-
TUYHOTO KOHTPOJIIO CEPILIeBOI AisIIBHOCTI i MOXe acollito-
Batuch 3 LIJI 2-ro Tumy ta HeTpaguuUiiHUMU (paKTOpamMu
pusuky CC3 (cTpec, piBeHb KOPTU30Jy, OioMapKepu 3aria-
neHHs1) [82]. Bucokuii piBeHb KOMOPOiZHOCTI OB SI3aHUX 3i
cTpecoM ncuxiyHux posnaniB i CC3 migKpecioe BaxKIUBUA
nmaTodi3ioNoTiYHMIT 3B’ 130K MiXK LIMMU po3jIaIaMu i qucpe-
rynsaniero CAN [83].

Binburicts nopymens BHC, ski BunukawoTh nipu L]
2-TO TUIly, MalOTh KapaioBarajabHuii xapakrtep [35]. Ila-
pacuMITaTUIHA AUCGHYHKIIST BUCTYITA€ He3aJIeKHUM Hera-
TUBHUM TIPOTHOCTUYHMM (hbakTOpoM y maiieHTiB i3 CC3,
11O TTOB’sSI3aHO 3i 3pOCTAaHHSIM PiBHS 3aXBOPIOBAHOCTI Ta
CMEPTHOCTI Bill CeplIeBO-CYAMHHUX YCKJIaTHEHb [84]. 3HM-
keHHs1 akTuBHOCTI [ICHC npu3BoauTh 10 HE3aI0BLIBHOTO
koHTpojo YCC i migumenoi YCC y craHi criokoio [85].
Binbia YCC y craHi ciokolo Ta 3HmxeHa BCP kopenooTh
3 pU3UKOM CepLIeBO-CYAMHHOI cMepTHOCTI [53].

3HmxeHuit dyHkuionanbHuit ctan BHC, 30kpema BCP,
ACOITIOETHCS 3 TTABUIIIEHUM PU3UKOM 3arajbHOI CMEPTHO-
CTi, B TOMY YMCJIi CeplieBO-CyIMHHOI (HalpUKIIalI, 4yepes3
TOCTPUIL KOPOHAPHUI CUMHIPOM), i BUBHAETHCS HANiAHUM
mapkepom CC3 [41, 45]. Bignosinno, nucperyisiis CAN
Moxe OyTH 3ajlyudeHa 10 po3JiajliB MEHTAJIbHOTO 310POB’S,
po3Butky IITCP, AI', Metabomiunoro cunnpomy, LI/ 2-ro
TUITY i OYyTH MATPYHTSIM panToBoi cMepTi [86]. 3okpema,
MMIBUIEHUI PU3UK CEPLIEBOI HEAOCTATHOCTI ITiCJII eMO-
LITHO TSIKKUX TOJiN BKAa3y€e Ha BUPIlIaJbHY POJIb CIIPU-
YMHEHMX CTPECOM afamnTalliil, 3MiliCHEeHUX CUMIIaToaape-
HaJIOBOIO CUCTEMOIO, i IEMOHCTPYE MOYJIIOI0Ui eheKTH
eMOIIMHUX BUKJIUKIB Yy BUHUKHEHHi pu3uky CC3 Ta je-
TaJIbHUX HACTIOKiB [87].

OcCKilbKM MeXaHi3MU eMOLIHOT0 30yIKEHHS Ta aK-
TUBallil 3Ha4yHOI0 Mipoo 36irarotbcst 3 CAN, BCP moxe
CTaTH yHiBepcaJbHUM OiOMapKepoM YyTJIUBOCTI CTPECO-

KoHTponbHa rpyna
(1-wa rpyna)

un 2-ro tuny
(2-ra rpyna)

BMNO 3 UA 2-ro tuny
(3-ta rpyna)

VLF
mLF
B HF

47,68

PucyHok 2. CTpyKkTypa crieKTpasbHuX rnokasHukis BCP B o6¢cTexeHux rpynax, %
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BOI CCTEMM, Bpa3JIMBOCTI Ta iHAUBiAyaIbHOTO pU3uKYy. Lle
BiIKpMBa€ MOXJIMBICTD 11 OLBII IIIMPOKOIO 3aCTOCYBAHHSI
SIK Y HAyKOBUX JOCJIIKEHHSIX, TaK i B KIIIHIYHIN TpaKTUIL
[42]. Otxe, kopoTkouacHa BCP mMoxke BUCTYIaTH sIK TpaHC-
NiarHOCTUYHMI OioMapKep cepleBO-CyIMHHOIO PU3MKY Ta
IHCTPYMEHT /ISl OLlIHKM KOTHITUBHO-EMOILIIHHOTO CTaHy
[65, 88]. Lle BimkpuBaEe HOBi MOXJIMBOCTI AJisI MOTJINOIEH-
HS (PYHKIIIOHAJTIBHOTO PO3YMIiHHS AUHAMIKU TUCPETYIISALIil
CepLIeBOTO PUTMY, OCKIJIBKM TaKWii aHaJli3 iHTeTpye (yH-
NaMEeHTaJbHi Ta KJIiHIUHI acMeKTH MOCiKeHb. BaxinBo
3a3HAYUTH, 110 JIOHTITIONHI OLIIHKY tuHaMigHuX 3MiH YCC
IO i TicJIsI JTiKyBaHHS € HaA3BUYaHO IIIHHUMM JJISI BUSIB-
JICHHS TIpenu3iitHux 3miH peaktuBHocTi BHC Ta mpouecis
HopMatizallii ii ¢hyHKIlioHaTbHOTO cTaHy [42].

Ot:xe, aHaITi3 pe3yabTaTiB KopoTkodyacHoi BCP Binkpu-
Ba€ TEePCIEKTUBU JJIsI OLIIHKU CepLEeBO-CYAUHHOTO 3/10-
pPOB’sI MALIIEHTIB i peryoBaHHs HelipoKapaiaabHOI (yHKIIIL
[65, 89]. OnHak peajizaliist LIbOTO ITOTEHILIiAIY B IPAKTUYHO-
MY TOJIIIIEeHH] CTaHy CepleBO-CyIMHHOI CUCTeMU IOTpe-
Oye MpOoBeIeHHSI I0IaTKOBUX MACIITAOHUX PaHAOMi30BaHUX
KOHTPOJIbOBAHUX NOCTIIKEHb.

4. XpOHi4He 3arnaAeHHSsI HU3bKOi iHTeHCUBHOCTI

TQ iHCYAIHOBQ PE3UCTEHTHICTb

npu AiabeTnyHIn KapAiQAbHIV

QBTOHOMHIW Heviponarii

IlcuxomoriyHuii cTpec Ma€ 3MaTHICThL aKTUBYBATU
ITAB i CHC, 1o cripusie po3BUTKY XpOHiYHOTO 3aItajieH-
Hst HU3bKOi iHTeHcuBHOCTI (X3HI) [61]. 3ananbHi Mexia-
topu 3naTHi akTuByBaTt [TAB i CHC, 1110 Tpu3BOaUTh 10
MiIBUILIEHHS eJIeKTPUYHOI HecTabinbHOCTI Miokapaa [90].
HanmipHe mpoaykyBaHHS Tpo3anajibHUX LIMTOKiIHIB 3HAY-
HO CIIPUSIE MPOrpecyBaHHIO eHI0TeiabHOI TMChYHKIIT,
(hopMyBaHHIO aTepOCKIIEPO3y, BAHUKHEHHIO apUTMili i Ha-
BiTb MOX€ BUKJIMKATH PEMOJICJIIOBAHHS CEPLIEBUX CTPYK-
Typ i pyHKuii [61].

[TopymieHHst peryJsiiiii eMoliiiHOI chepr Ta CXUITbHICTh
110 iHTEHCUBHOT'O CTPECy MOXKYTh CTUMYJIIOBAaT aHOMAJIbHi
peaxilii MO3Ky Ha eMOI1iiiHi MOApa3HUKH i BUKJIMKATH TTaTO-
JIOTiUHi 3MiHM y HEApOeHIOKpUHHIli cucTeMi. Lle BKioyae
ninpuieHHs akTuBHOCTI [TAB ta CHC, mo cripusie mocu-
JIEHHIO SIK LIEHTPAJIbHOTO, TaK i mepucepuIHOro 3araieHHs
[91]. XpoHiuHuii Mpo3anajibHUIi CTaH € BaXJIMBUM YMHHU -
KOM, SIKUIA MOXe MOTJIMOII0OBAaTH PO3J1ay B KOHTEKCTi eMO-
wirtHoi peryssuii. Mixk X3HI ta nucdyHKiissMu emoLiitHo-
TO KOHTPOJTIO CITOCTEPIra€ThCsl 0i0JIOTiYHUI B3aEMO3B’I30K
[92]. ¥ nmatiieHTiB 3 AeNpecUBHUMM PO3JIaTaMU BUSIBJIEHO
3HAYHE IiIBUILIEHHS KOHLeHTpauii inTepueiikiny (1J1) 6
Ta hakTopa Hekpoasy nyxauHu o (PHII-a) y miazmi KpoBi
Ta CMTMHHOMO3KOBI# pinuHi [93]. Kpim Toro, piBHi 1JI-6 i
DOHIT-0 mpsiMO KOPETIOITh 3 TPUBAJIICTIO TTOTOYHOTO Jie-
MPECUBHOTO €Mi30/y, 1110 MOXe CBiTYMUTHU PO Mporpecyroye
MOTipIIeHHS IICUXOEMOLIfHOTO cTaHy manieHTa [53]. I1o-
BiIOMJISIETHCS TAKOX, 1110 MiABUILEHUI piBeHb C-peakTUB-
Horo 6inka (CPB) BiporinHo acouifoeTbes 3 COMATUIHUMU
CUMIITOMaMU IeNPECUBHUX CTaHiB [94].

1IHC Binirpae BaxJuBy poJjib y PO3BUTKY LIUTOKIiH-iHIYy-
KOBaHOi BToMU. IMyHHa Ta HEpBOBa CUCTEMHU MalOTh Oarato
CHIJIbHUX PUC, TPUUIOMY 1Iel 3B’SI30K € IBOCIIPSIMOBAHUM,
3okpeMa LIHC perymnioe ¢yHKIIT iMyHHMX KJIITUH i Ha-

Bnaku. [ICHC HanexuTh 0cO0IMBO BaXJIMBE 3HAYCHHS Y
monyssuii X3HI [95, 96]. B ocTaHHIX HOCTIIXKEHHSIX MaTO-
rene3 CC3, a rakoxx KAH nipu LIJI 2-ro THITy TOEAHYIOTH
i3 XpOHIYHUM TIpo3anajbHUM, TTPOOKCUIAHTHUM CEePeo-
BulieM 1a pozsutkoM X3HI [97].

Hamu ipoBeieHO O11iHKY 0COOIMBOCTEN AESTKUX TTOKa3-
HukiB X3HI Tta incyninopesuctentHocti (IP) y BITO mnipu
cyoxminiuHil miadetnaHiilt KAH. O6crexeHo 15 mpakTnaHo
3I0pOBUX OCi0 (TiepIiia rpyra, KOHTPOJIb), NalieHTiB 3 LIJI
2-ro tuy i3 cyokmiHiuHoo KAH, s1ki mocTiiiHO TIpoxkuBa-
10Thb y M. JIbBOBI Ta objacTi (npyra rpyna, n = 15), i BI1O,
xBopux Ha LI/l 2-ro tuny i3 cyoxiiniuHoio KAH (tpets
rpyna, n = 15). BcraHoBieHo, 1110 HaitOiibIn BupaxeHa [P
crioctepiraiach y xeopux Ha L] 2-ro Tumy i3 CyOKIiHiYHOIO
KAH, sxki orpumanu cratyc BITO (p < 0,05) [11]. nep-
iHcysniHeMist i/a6o IP, XxpoHiuHa rinepriikeMisi MOXYTb
BrumBatu Ha ctaH BHC, pesyasratu CART’s, 3n1aTHI mocu-
JoBaTu okcuaaHTHUi ctpec (OC) HEHPOHIB IUISIXOM IPU-
THIYEHHST MiTOXOHIPiaJIbHOI'O CUTHAJIBHOTO HLIIXY (hocho-
iHo3uTU-3-KiHa3a/mpoTeinkiHaza B (phosphatidylinositol
3-kinase/protein kinase B, PI3K/Akt). Lli 3MiH1 MOXYTb
OyTH ITOB’sI3aHi 3 MOPYIIEHHSIM aBTO(arii B pi3HUX Iepu-
(bepuyHUX i LEHTpaTbHUX HEMPOHAX i 3MAaTHI TPU3BECTH 10
Heipo3zananeHHs [98, 99].

VY nauieHTiB i3 cyokiiniuHoo KAH BusiBieHo 36i1b-
meHHs1 BucokouytiauBoro CPb (BuCPB), 1m0 ocobauBo
XapaKTepHO [JIst XBOpUX 3-1 rpynu (puc. 3). IMoBipHo, Lie
MOXe CIPUSITU MOCWICHHIO PEaKTUBHOCTI Ha crienndivHi
CTUMYJIU, SIKi IPOIYKYIOTh LHUTOKiIHU, 30KpeMa DHII-a,
[JI-6 ta IJI-1B [96]. BogHouac 3adikcoBaHO MiABUIIEH-
Hs1 BMicty @HIT-a ta IJI-B, a TakoX CIiBBiZHOIIECHHS
®HII-0/1J1-10. Hait6inem BupaxeHe 36itpmenas @HIT-a
i ®HIT-a/1J1-10 cnoctepiranock y BITO i3 cyOkiiHiYHOWO
KAH.

[MopiBHsIbHMIT aHaJi3 MoKa3HUKIB iHaekcy IP (Homeo-
stasis Model Assessment (HOMA, HOMA-IP)) BusiBuB, 1110
Haioinbm BupaxkeHa IP crioctepiraetsest y BITO, xBopux Ha
LI 2-ro tumy i3 cyoxuiniyHoo KAH.

[MosinomnseTnes, mo nucbanaxc jaHok CHC i [ICHC
KOpeJIoe 3 MapKepaMu 3amnajbHUX MPOIECiB, MOIIKO-
IKEHHSIM CTiHKM CYOVH, 3yMOBJIeHUM akTuBaiieio X3HI
[100]. 3okpema, IMoKa3aHO, 110 3MiHM TOMEOCTa3y IIIOKO31

257 e
20
15 -
10

5

B4CPB, mr/n

®HM-a, nr/mn 11-1B8, nr/mn

| 1-wa rpyna B 2-rarpyna B 3-ta rpyna |

PucyHok 3. [esiki nokasHnku X3HI B o6¢cTexxeHnx
rpynax: * — BiporigHicTe pi3HULi 3 KOHTPOJIbHOIO
rpynoto (p < 0,05); ** — BiporigHicTb pi3HNLi
3 KOHTpOJIbHOO rpyroto (p < 0,001); * — BiporigHicTs
Pi3HnLi 3 2-10 rpynoro (p < 0,05); *#* — BiporigHicTb
pi3Huyi 3 2-10 rpynoto (p < 0,001)
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B npemiabeTuuHiit (as3i moB’sa3aHi 3 maTtoreHe3om X3HI
[101]. ITpeniaGeT migBUILYE PiBEHb MITOXOHIPiaJIbHOTO ae-
POOHOTO NMXaHHS, AKTUBHICTh €JIEKTPOHTPAHCIIOPTHOTO
JIAHITIOTa i YTBOPEHHSI KiHIEBUX MPOMYKTiB TJiKYBaHHSI,
1o nocutoe OC. OKCUIaHTHUIA CTPEC € 11 OMHUM aK-
TUBATOPOM 3alaJibHUX KacKaiiB, OMocepeKOBaHUX SIep-
HUM TpaHckpunuiiHuM (akropom NF-kappa-B (nuclear
factor kappa-light-chain-enhancer of activated B cells,
NF-kB), tpanckpunuiitnum ¢pakropom CREB (cAMP-
regulated element-binding protein, CREB) Ta 6inkoM-ak-
TuBatopoM-1 (activator protein-1, AP-1) [102]. I[TonioHi
npoliecu BifOyBalOTbCH B CEPLIEBO-CYIUHHIN, HEUPOHHII
Ta HEMPOCYAMHHIN cucTeMax, 1110 BKa3y€e Ha iX MOXJIUBY
yuactb y po3Butky KAH mipu LI/ 2-ro Tumny [100]. Tinokcist
BHACJIIOK CYOIMHHOI TUCOYHKIIII aKTUBYE iMyHHI KJIITUHUI
ILIHC g npomykuii 1JI-1B, a sromom 1J1-6. Ile nosermiye
HAIXOMXKEHHS IIPOo3arajbHUX IIUTOKIHIB Ta IMyHHUX KIIITUH
3 kpoBoToKy B LIHC [103].

IIponeMoHCTpOBaHO, 1110 MPOTrpecyBaHHS KIiHIYHUX
nposBiB KAH BinOyBaeTbcs Ha MepeTHHI 3aIlaIbHUX IIPO-
neciB ta ycknagHeHb CC3 [104]. JocaimkeHHSI TPOAeMOH -
CTpyBaJIu CTiliKuii 3B’5130K Mixk ctanoM BHC Ta mackyio-
yumu dakropamu 3ananeHHs (CPb ta 1J1-6). 3okpema,
MOKAa3aHo, 1110 3MiHU CTaHY aKTUBHOCTI 1. vagus MPOTHO3Y -
10Th AuHaMiKy piBHiB MapkepiB X3HI [105]. JloHriTionHe
IOCHimXeHHs y nauieHTtiB 3 LI 2-ro Tumy BUSIBUIO He-
3aJIEXKHUI HeTaTUBHUI 3B’S130K MiX BUXiTHUMU pPiBHSI-
MU aHtaroHicra peuenropa IJI-1 (interleukin-1 receptor
antagonist, IL-1RA) ra BCP, 1m0 BKka3ye Ha MOXJINBY POJIb
IJI-1 y marorenesi KAH [106].

5. AMCOAAQHC BEreTatmBHOi HepPBOBOI
cuUcTemMu, Bapia6eAbHICTb CepL,eBoro putmy
i XPOHiYHEe 3ANAAEHHS HU3bKOT IHTEHCUBHOCTI
s rmmb1Ioro po3yMiHHS CKJIaIHUX B3a€EMO3B’SI3KiB
mix aucobanancom BHC ta X3HI HeoOXxinHO BU3HAYUTU
KJTIOUOBI MOJIEKYJISIDHI MEXaHi3MU, 10 CIIPUSTIOTh PO3BUTKY
TaKWX CTaHiB. 3aIajibHi IIPOLeCH 3a3BUYaii CyIpOBOIXKY-
IOThCS TABUIIIEHUM PiBHEM Ipo3anajbHUX IIUTOKIHIB Y
KpoBi, 3okpema IJI-1, 1JI-6, ®HII-a, XeMOKiHiB (IK-OT
1JI-8), a Takox OinKiB rocTpoi ¢asu, 3okpema CPb i cupo-
BaTKoBOro aminoiny A [89]. 3 BikoM KOHIIEHTpallist 3a3Ha-
YEHMX MeIiaTOpPiB 3aIMIIAETHCS BUCOKOIO Yepe3 IBi OCHOBHI
MPUYNHU — TTOCWICHHS aKTUBAILlil iIMyHHUX KJIITUH, TIepe-
BaxkHO MakpodariB, Ta MiABUILEHHS aKTUBHOCTI KJIiTHH i3
CEeKpeTOpHUM (PeHOTUIIOM, aCOLIIOBAHUM 3i CTapiHHIM
(senescence associated secretory phenotype, SASP), sikuit
3a3BUYAll XapaKTepU3y€EThCS Mpo3amaabHUM BIuBoM [107].
Tak 3BaHMil TOOMHHUK 3alaJibHOTO CTapiHHS
(infammatory aging clock, iAge) mo3BoJjisse MOHITOpYBaTU
MPOTpecyBaHHs MYJIbTU3aXBOPIOBAHOCTI, iMyHOJE(ILIMTHUX
CTaHiB i BIKOBUX 3MiH ceplLeBO-CyIUHHOI cucteMu. CyTTe-
BUII BHECOK Y PO3BUTOK KOHIEMIIi iAge Oyyio 3ailicHeHO
3aBISIKK JocimkeHHIM xemokina C-X-C, motif chemokine
ligand 9 (CXCL9), ocHOBHUM [IKepesioM SIKOTO € Makpoda-
ru. Beranosneno, mo BrmB CXCLY9 cipusie pyHKIiOHATb-
HUM i CTPYKTYPHMM 3MiHaM y CeplieBO-CYAMHHIil cucTemi
BHACJIIIOK BiKOBUX ITPOIECIB, IO IMiIKPECTIOE KIIOYOBY
poab MakpodariB y Mexanizmax X3HI [108]. Kpim 1iporo,
CTapiiovi eHAoTeMalbHi KIIITUHU BTpadaloTh (i3ionoriuyHi

¢yHKIii Ta HaOyBalOTh (PEHOTUIIIB, XapaKTePHUX IS ap-
TepiaJibHOI >KOPCTKOCTi. TpuBaje nepedyBaHHsI OpraHizMy
y ctadi X3HI Mmoxe cyTTeBO 30iIbIIyBaTH PU3NK PO3BUTKY
pi3HUX 3aXBopioBaHb, 30kpema CC3 [109, 110].

CucrematuuHuii orisin 159 nociimKeHb 3aCBiTYUB, 110
noka3Huku SDNN ta HF nemoHCTpyIoTh HalicIbHIIIINIA
KOpeJSILiiHUI 3B’5130K i3 3aMajlbHUMU MapKepaMu MopiB-
HSITHO 3 iHIIIMMM YaCOBUMU Ta YACTOTHUMMU MapamMeTpaMu
BCP. ABTopy 1iux mociimKeHb JiHIIUTM BUCHOBKY, 1110 Ta-
pamerpu BCP MoXyTh cIyryBaTv iHOIMKAaTOpaMu aKTHB-
HOCTI Heiipodi3ioloriyHNX MeXaHi3MiB, sIKi 3a0e3MeUy0Th
aJanTUBHY PeryJsllilo 3amajbHUX IIPOLIECiB B OpraHi3Mi
monuau [111].

PesynbpTat cucteMaTUYHOIO OIJISIAY Ta MeTaaHasi3y
HU3KU JIOCJIKEHb BKA3YIOTh Ha 3HAUYIIUI 3B’S130K MiX
miasuieHumMu pisHssMu CPb, BaCPB, 1J1-6 Ta 3HMKeHHAM
BCP y mauieHTiB i3 XpOHiYHUM KOPOHAPHUM CHUHIPOMOM,
SIKi CTpaXk/aroTh Ha JeNpecruBHi po3nanu. JlocaigHUKM aK-
LIEHTYIOTh yBary Ha IoTpeoi inTerpaiiii otinku piBHiB CPb,
BuCPB, 1JI-6 ta ingukaropis BCP y kitiHiuHYy TpakTUKY 1JIst
CBOEYACHOTO BUSIBJIEHHSI IETIPECUBHUX CTAHIB Y TAKUX XBO-
pux [112]. BctaHoBieHO BiporinHUiT HEraTUBHUI 3B’ SI30K
Mix piBHeMm CPB i norapudmom (In) 3aranbHo1 MOTYXXHOCTI
(total power, TP), a TakoxX 3HaYHY ITO3UTUBHY KOPEJISIIiIO
piBust CPB 3 InVLF, InLF ta InLF/HF. Takum unnowMm,
BuMiptoBaHHs BCP y craHi crioko1o pa3oM i3 BU3HaU€HHSIM
piBHs1 CPB MOXYTh CyryBaTh MepCleKTUBHUMU MapKe-
pamu st giarHoctku CC3 y MalieHTiB i3 AepeCUBHUMU
posmamamu [113].

TxkanuHHI Makpodaru Bce YacTillle OL[iHIOIOTHCS SIK
Taki, 110 MAalOTh YiTKy peaxlililo Mpu BIUIMBI 3amaJbHUX
crumyniB [114, 115]. locnimkeHHs in vitro mokasaju, 1110
ctumysauist arodHicramu CAP npurHiuye nosipuzaiiito
MakpodariB M1 i cnpusie mospu3aiiii Mmakpodaris M2,
a TaKOX TMPUTHIUYE YTBOPEHHS MIHUCTUX KIIITUH LIJISIXOM
peryJIsilii reHiB, TTOB’I3aHNUX 3 METa00JIi3MOM XOJIECTEPUHY
[115]. Makpodaru M1, siki CTUMYJTIOIOTBCS 3aBISIKM B3a-
emonii Toll-moxioHux peuenrtopiB 4 (Toll like receptor 4,
TLR4) 3 nirannamu, BUKOHYIOTh (DYHKIIiIO 3aXUCTy Opra-
Hi3My i IPOAYKYIOTh Ipo3anajbHi LIMTOKIHM Ta XeMOKiHH,
ak-or ®HII-a, IJI-13 ta IJI-6. BonHouac mpoTtu3anaabHi
Makpodarn M2 noB’s13aHi 3 BiZTHOBJIIEHHSIM TKaHWH Ta €H-
MOLUTapHUM KitipeHcoM [116]. Takuit maTooriyHuit mpo-
1ec cnpusie nocwieHHo X3HI Tta mpuiBuaiiye po3BUTOK
eHIoTeNiabHOI TUCPYHKIIii, CTBOPIOE CBOEPiTHE MOPOUYHE
KOJIO, 1110 PO3TIOYMHAETHCS 3 XPOHIYHOI aKTHUBAllii MaKpo-
¢ariB Tuny M1, cynpoBOIXKYETbCSI 3HAUHUM 3POCTAaHHSIM
PiBHIB CUCTEMHUX IIpO3aNajJbHUX MemiaTopiB, Sk-oT LJI-1,
®HIT-a Ta 1JI-6, i 3aBepIIyeThCS €HAOTENIATbHOIO THC-
¢yHKIIi€Io Ta 3arubesutio eHnoreaiouunTis [117, 118].

lNnoranamo-rinogizapHo-HaTHUPHUKOBA Bich — 1I&
e oAuH 1Isax, nmos’ss3anuii 3 BHC, 110 cripusie neBHiit
MpOTU3anaabHii BiAMOBii TOJIOBHUM YMHOM Yepe3 MilBU-
IIeHHs piBHS KopTtusony [119]. Helipo3zamaneHHsT BUCTY-
Ma€e KJIIYOBOIO MATOJIOTIYHOO MOi€l0, sika Oepe yJyacThb
y TIpoliecax illleMiqYHOTo MOIIKOIKEHHSI Ta BiTHOBJICHHSI.
V 1bOMy KOHTEKCTi MiKPOTJIisl SIK €IMHA TTOIMYJISILIisI MAaKpO-
(ariB y nmapenximi LIHC Binirpae kito4oBy poJjib y pO3BUT-
Ky Heilipo3ananeHHs. CydacHi TOCIiIKeHHs CBiqJaTh, 1110
MikpoPHK MoXyTb 3mificHIOBAaTH PETryISITOPHUIA BIUIMB Ha
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npouecu X3HI, mos’sa3ani 3 mikpormieio [120]. 3aramom
JIOKa3M B3a€MO3B’s13Ky Mix nucbamancoM BHC ta CC3, mo
XapaKTepu3yloThes minBuineHuM piBHeM X3HI, € 6araro-
rpaHHuMU. [lonanpuii gociimkeHHs y uiii chepi MOXyThb
MPOJIUTHU CBITJIO Ha 3B’5130K MixX nucoanancom BHC i X3HI
B KOHTEKCTI iHIIIMX 3aXBOPIOBAHb.

BucHoBKkMU
DyHKIlioOHaTIbHE PO3YMiHHS B3AEMO3B’SI3KY MiXK MO3KOM
i ceplieM noTpedye CyTTEBOTO MOKPAIIIEHHS 3a JOITOMOTI'0I0
JOKJIIHIYHMX 1 TPOCIEKTUBHUX KJIiHIYHUX ITOCIIIKEHb.
3okpema, 3aJUIIaEThCSI HEAOCTAaTHBO 3’COBAHOIO POJIib
OKPEeMUX IUISTHOK MO3KY, SIKi 0epyTh Y4acTb Y LIEeHTPaJIbHiii
HelpoBereTaTUBHIN AUCPErysiii y BiAMOBiAb HA CHELU-
¢iuHi crpecopu Ta cTpecosi posnanu [121]. [Tomanbie Bu-
BUEHHS 0i0JIOTIYHMX YMHHUKIB, 110 BILJIMBAIOTh HA PEaKIIito
Ha CTpec, € KPUTUYHO BaXKJIMBUM JIJIS1 BCTAHOBJIEHHST 3B 513~
KiB MiX KOTHITUBHUMM, EMOLIIITHUMMU, TICUXOCOLIIaIbHUMK
11 €KOJIOTiYHMMMU acIleKTaMU CTPECY, a TaKOX iHAUBidyalb-
HUMU BiIMiHHOCTSIMU Y TIepe0iry 3aXBOpIOBaHb.
Cneuugiune nporHoctuyHe 3HaueHHs 3MiH YCC y KOH-
TEKCTi PO3BUTKY EMPECUBHUX CTAHIB CTAHOBUTH KITIOUOBUI
acTeKT cyvyacHUuX pochimkeHb [122, 123]. ITpocriekTuBHiI
HayKOBi poOOTH BKa3yIOTh Ha Te, 1110 TIEPBUHHE 3HMKEHHS
BCP moxxe BUCTYynaTH SIK MMOTEHUIHHUHT (haKTOp pU3UKY BU-
HUKHEHHS IETTPeCUBHUX CTaHiB, a Takox [1TCP [47, 124].
BCP 6yn0 3anmporroHoBaHO SIK 6GioMapKep IS TTOKpa-
LLIEHHS OLIIHKY PU3MKY CEPLIEBOI CMEPTHOCTI, a TAKOX IS
MIPOTHO3YBaHHS Ta IepeadadeHHS XBOPOOU IpiOHUX CYIUH
TOJIOBHOTO MO3KY Ta iHCy bty [125, 126]. Cain 3a3HaunTH,
mo BCP Takox OyJio 3arpornoHOBaHO sIK OioMapkep mpu
NeSIKMX aBTOIMYHHUX 3aXBOPIOBAHHSIX, 1110 IEMOHCTPYE KO-
PeJISILio MiX 3HVXKEHHSIM TOHYCY A. vagus, MiIBUILIEHHSIM
piBas CPbB i aktuBHicTIO 3axBoproBaHHs [50]. [TpmmiT-
Ho, 1o niaBuineHa YCC i 3Huxena BCP acortitoBanucst 3
CYOKJTIHIYHMM Ipo3anajJbHUM CTaTyCOM, IO ITiITBEPIKYE
HasIBHICTb BEre€TaTUBHOTO AucOaaHCy 3 MepeBaKaHHSIM
CUMITIATUYHOTO TOHYCY i oro xopessuiro 3 X3HI [127].
V 3p’a3ky 3 nuum BCP 3ampomnonoBaHo sIK 6GiomMapkep st
MOHITOPUHTIY €MOLIiHOI perysiilii, HelipodizioJoriyHux
3MiH 1ipu aesskux posnamax IIHC, 3okpeMa nernpecuBHUX i
TpuBOXHUX [42]. BCP MoXe ciyryBaTu TpaHCIiarHOCTUY-
HUM 6ioMapKepom pu3nKy CC3 Ta KOTHITUBHO-EMOLIHOI
ouinku [65]. Lle cTBOpIOE MOXJIMBOCTI TSI pO3POOKH iH-
HOBallitHUX CTpaTeriii mpodigakTUKKU Ta MePCIeKTUBHUX
MiIXOMiB 10 MCUXOXPOHOOIOJIOTIUHOTO JIiIKYBaHHSI, OPi€H-
toBaHux Ha BITO, xBopux Ha LIJI 2-ro Tumny, naui€eHTiB i3
IITCP, a Takox ocib i3 migBUIIEHUM piBHeM pu3uKy [128].
[TokazHuku BarycHo orocepenkoBaHoi BCP MoxyTh
OyTU KOPMCHUMU OioMapKepaMM ST OLIiHKM aKTUBHOCTI
TICHC ra piBast X3HI, moTeHLiiiHMM HeiHBa3UBHUM 0i0-
MapKepoM MOHITOpUHTIY TpaekTopiit niadbetnunoi KAH.
3arayiom BuMiptoBaHHsi BCP Moxe cripusiti MOHITOpUHTY
e(eKTUBHOCTI BTpyYaHb Yy NMALI€HTIB, IKi CTPAXAAIOTh BiJ
TOCTpUX ab0 XPOHIYHMX 3aXBOPIOBaHb, 3 BUKOPUCTAHHSIM
HOBUX METO/IiB JIIKYBaHHSI, 1[0 BKJIIOUAIOTh BiTHOBJIEHHS
6anancy dynkuii BHC [129]. Xoua BCP uie He BaninoBaHa
SIK IHCTPYMEHT JIJIsI MOHITOPUHTY akTUBHOCTI came X3HI,
noteHuian BCP sk 6Giomapkepa st CTUMYJISILLT 3anaabHO1
peaxilii aKTUBHO 00roBOPIOEThC [41].

BCP nabyBae KJ11040BOro 3Ha4eHHSI SIK IIEPCIICKTUBHUIA
Giomapkep X3HI. i BumipioBaHHs y noeaHaHHi i3 BU3Ha-
YEHHSIM PiBHIB IIEBHUX MPO3allaJIbHUX MapKepiB, IK-0T LJ1-6,
CPb ta ®HII-a, Hagae MOXIUBICTD OLIBII TOYHO OL[IHUTH
pusuk po3Butky KAH y mamienris i3 LI 2-ro Turmy. Lli Hay-
KOBI TiIXOAY € BUPIIIAIbHUMMU IJIs PO3MEXYBaHHsI GioMap-
KepiB, 1110 MAIOTh 3HAYEHHSI 3 TOUKM 30PY MEXaHiCTUUHUX
3aKOHOMIipHOCTEH, i THX, SKi MaIOTh O€3ITOCePETHIO KITIHIYHY
3HAYYIiCTh. Y 3B 513Ky 3 1IMM BuBYeHHST BCP y ximiHiyHO-
My KOHTEKCTi OTpeOy€e MOaaIbIIoi CUCTEMAaTUYHOI yBaru.
Y Mexax qaHOTO MOCTiMKEeHHST aKLIIEHTYEThCSI HAa BaXKJIMBOCTI
CIIOCTEPEKEHD, SIKi CIIPUSITUMYTh BCTAHOBJIEHHIO BipOTimTHO-
cti BCP gk inctpymenTy nporno3yBanHs KAH y mamieHTiB
i3 L1 2-ro tuny. Takuit qnucOanaHC 3yMOBITIOE SIK KOPOTKO-
TpUBaJI, TaK i JOBrOCTPOKOBI 3MiHM y mapameTrpax BCP. ¥V
LIbOMY KOHTEKCTi KpUTUYHO BaXKJIMBUM CTA€ OIpalllOBaHHS
CTaHIApTU30BaHUX KpUTepiiB ouiHioBaHHsI BCP, Bu3Ha-
YEHHSI YiTKMX JiarHOCTUYHUX TTOPOTIB Ta BIPOBAIKEHHSI
TepaneBTUYHMX ITiAXOMiB AT ONTUMI3allil IIbOrO MOKa3HUKA.
Lli 3axonm MaTUMyTh BUpIlLIaJIbHEe 3HAYCHHS MIJIs iHTeTpalii
BCP y cyuacHy KiiHiuHY npakTuky sik 6iomapkepa JJC i
KAH. Takym 4HOM, 3aIIpOITOHOBAHI KOHIIETIIi1 CITPOMOXKHI
CTUMYJTIOBATH TTOJAJIbILI JOCTIIKEHHS, CIIPSIMOBaHi Ha T10-
nimueHHs perymasuii BCP. Y cBoio uepry, 1ie MoXe CIipusITi
He JINIIIE TTOJOBXEHHIO TPUBAIOCTI JKUTTS TMaLieHTiB i3 LIJT,
2-ro turty cepea BITO, a ii moJiriieHHIO i0oro IKOCTi.

KonuikT inTepeciB. ABTOp 3asIBJISIE PO BilCYTHICTb
KOHJIIKTY iHTepeciB i BiacHoi (hiHaHCOBOI 3a1liKaBJIEHOCTI
MPU MiATOTOBILi JaHOT CTATTi.

Indopmanis npo dinancyBanna. CtaTTd HiAroToBIeHa
B paMKaxX BUKOHaHHSI CTUTEHiaIbHOI poOoTH BepxoBHOT
Panu Ykpainu.
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Diabetic distress, low-grade chronic inflammation,
and cardiac autonomic neuropathy in internally displaced people
(literature review and own observations)

Abstract. Background. Internally displaced people (IDP) demon-
strate an increased susceptibility to cardiovascular diseases and type 2
diabetes mellitus (T2DM). Negative psycho-traumatic experiences
can lead to the development of emotional disorders, which further
contribute to the onset of diabetic distress (DD). Psychosocial risk
factors for DD are largely associated with the risk of developing
cardiac autonomic neuropathy (CAN) and, thus, adverse cardiovas-
cular events. The Type 2 Diabetes Distress Assessment System (T2-
DDAS) is the only specialized tool for assessing DD. The purpose:
using the Ukrainian version of the T2-DDAS validated by us to assess
the level of DD among IDP. Materials and methods. Development
and application of a validated Ukrainian-language version of the
Composite Autonomic Symptom Score 31 demonstrated that this
is an acceptable tool for identifying patients with subclinical CAN.
Results. Analysis of the results of short-term heart rate variability
(HRYV) shows that IDP with T2DM have a more significant sup-
pression of parasympathetic nervous system (PSNS) activity and
an increase in sympathetic nervous system (SNS) activity. This may

indicate adaptive reactions that occurred against the background of
stressful situations. In addition, HRV changes typical of states of
intense neuro-emotional stress were recorded, which may suggest
prolonged activation of the SNS. The changes detected indicate an
early disturbance of the PSNS, which is one of the first signs of CAN
in T2DM. Psychological stress can activate the SNS, which in turn
contributes to the development of low-grade chronic inflammation.
We have found that IDP with T2DM and subclinical CAN had the
most pronounced insulin resistance. In addition, there was a signifi-
cant increase in the level of high-sensitivity C-reactive protein, tumor
necrosis factor a, as well as the tumor necrosis factor a/interleukin 10
ratio in the blood. Conclusions. Thus, the measurement of short-term
HRYV in combination with the determination of proinflammatory
marker levels provides an opportunity to more accurately assess the
risk of developing CAN in patients with T2DM.

Keywords: internally displaced people; type 2 diabetes mellitus;
diabetic distress; cardiac autonomic neuropathy; short-term heart
rate variability; low-grade chronic inflammation; review
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The level of vasoactive intestinal polypeptide
in patients with hypothyroidism
and impaired intestinal function, and its association
with markers of visceral hypersensitivity

Abstract. Background. Hypothyroidism is frequently accompanied by gastrointestinal motility disorders, including
both constipation and, less commonly, diarrhea. The mechanisms linking thyroid dysfunction with intestinal symptoms
remain complex and incompletely understood. Vasoactive intestinal peptide (VIP), a neuropeptide involved in neuro-
muscular and immunological regulation within the gastrointestinal tract, has been proposed as a potential mediator in
these interactions. This study aimed to evaluate serum VIP levels in patients with hypothyroidism and altered bowel
habits, and to determine its association with thyroid hormone concentrations and visceral sensitivity. Materials and
methods. The study included 62 patients with hypothyroidism (40 with constipation, 22 with diarrhea) and 36 indi-
viduals with irritable bowel syndrome without thyroid disease. Thyroid hormone levels (thyroid-stimulating hormone,
fT,, fT,) were assessed using immunoassays. Serum VIP was measured using enzyme-linked immunosorbent assay.
Visceral sensitivity was evaluated using the validated VSI. Statistical analysis included correlation assessments and
group comparisons using appropriate parametric and nonparametric tests. Results. VIP levels varied significantly by
bowel habit: they were reduced in hypothyroid patients with constipation (47.94 + 10.48 pg/mL) and elevated in those
with diarrhea (150.00 + 33.25 pg/mL). In contrast, VIP levels in irritable bowel syndrome patients were moderately
increased. A significant positive correlation was observed between thyroid-stimulating hormone and VIP levels, par-
ticularly in patients with diarrhea (r = 0.4692, p = 0.0276). VVSI were markedly higher in all symptomatic groups, with
the greatest elevations observed in hypothyroid patients, indicating enhanced visceral sensitivity. These changes
were significantly greater than in healthy controls. Conclusions. The findings suggest a distinct pattern of VIP regu-
lation in hypothyroidism, depending on bowel dysfunction phenotype. Vasoactive intestinal peptide appears to be
involved in both intestinal motility and visceral perception, potentially linking thyroid dysfunction with gastrointestinal
symptoms. VIP may serve as a biomarker and therapeutic target in thyroid-gut axis disorders.

Keywords: hypothyroidism; vasoactive intestinal peptide; irritable bowel syndrome; visceral hypersensitivity;
intestinal motility disorders; thyroid hormones

Introduction

According to R. Ghanbari et al. [1], the prevalence of hy-
pothyroidism and constipation is 5.1 and 4.4 %, respectively.
The coexistence of these conditions is more frequently ob-
served in women, with 36.4 % of cases occurring between the
ages of 20 and 39. Constipation is often associated with undiag-
nosed subclinical hypothyroidism [2], and in some cases, con-
stipation may remain the only symptom for an extended pe-
riod [3]. The primary cause of constipation in hypothyroidism
is decreased intestinal motility, where the muscular fibers of

the intestine contract too infrequently or insufficiently, resul-
ting in delayed transit of intestinal contents [4, 5].

As hypothyroidism is a common endocrine disorder
worldwide, affecting approximately 1—-6 % of individuals
under the age of 60 and occurring five times more frequently
in women, the likelihood of constipation in this population
is expected to be higher [6]. According to the findings of
A. Garmendia Madariaga et al. [7], hypothyroidism affects
4.6 % of the population, with overt hypothyroidism accoun-
ting for 0.3 and subclinical hypothyroidism for 4.3 %.
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In recent years, studies have also emerged investigating
the association between thyroid dysfunction, particularly
subclinical hypothyroidism, and irritable bowel syndrome
(IBS) [8]. For instance, constipation-predominant IBS was
diagnosed in 27.8 % of patients with hypothyroidism, while
diarrhea-predominant IBS was observed in 9 %. Another
study explored the relationship between Hashimoto’s thy-
roiditis and IBS in women, revealing that the titer of thyroid
antibodies was significantly higher in patients with Hashimo-
to’s thyroiditis accompanied by IBS symptoms compared to
those without gastrointestinal manifestations [9].

The small and large intestines are target organs for thy-
roid hormones due to the expression of thyroid hormone
nuclear receptors al (TRal) on intestinal epithelial cells.
These hormones are partially metabolized through sulfation
and glucuronidation, forming conjugated iodothyronines
[10]. Additionally, according to various authors, the gut mi-
crobiota plays a crucial role in the peripheral metabolism
of thyroid hormones by producing and secreting enzymes
with deconjugating activity, namely -glucuronidase and
sulfatase, which enable thyroid hormones to re-enter the
enterohepatic circulation. Thyroxine can also directly influ-
ence muscle cell receptors, affecting gastrointestinal motility
by altering postprandial and basal electrical rhythms, par-
ticularly under hypothyroidism conditions. Consequently,
any segment of the gastrointestinal tract may be affected by
thyroid disorders, while typical clinical manifestations can be
absent, borderline, or masked by comorbid conditions [11].
Moreover, in hypothyroidism, glycosaminoglycans accumu-
late in the intestine’s interstitial tissue and smooth muscles,
delaying intestinal transit. The hypothalamic-pituitary-thy-
roid axis is significantly influenced by the hypothalamic-
pituitary-thyroid axis, which regulates visceral sensation and
intestinal motility. Infiltration of the intestinal wall further
leads to a combination of hormonal receptor sensitivity alte-
rations and neuromuscular dysfunction, resulting in reduced
peristalsis that clinically presents as constipation [12, 13].
Thyroid hormone deficiencies also contribute to the suppres-
sion of basic electrical rhythms [14]. However, the authors
suggest that since patients with constipation and/or irritable
bowel syndrome may exhibit altered visceral sensitivity, it is
challenging to attribute gastrointestinal dysfunction solely to
dysregulation of thyroid signaling.

Studies by P. Konrad et al. [15], W. Jiang et al. [16], and
M. Ruscio et al. [17] have demonstrated that reduced thyroid
function may contribute to the development of small intestinal
bacterial overgrowth (SIBO), increased intestinal permeabi-
lity, altered visceral sensitivity, and autoimmune thyroiditis.
Although constipation remains the most common gastrointes-
tinal complaint in hypothyroidism, hypomotility of the small
and large intestines promotes bacterial overgrowth in the small
intestine. When bacterial counts exceed 10° colony-forming
units (CFU)/mL in small intestinal aspirate, SIBO is diag-
nosed, and diarrhea may occur as a result [11].

Recent studies have also highlighted the critical role of
vasoactive intestinal peptide (VIP) in regulating colonic mo-
tility. Among its physiological effects are the regulation of
development, growth, and functional control of neurons,
epithelial cells, and endocrine cells, which in turn influence
intestinal motility, immune responses, ion and nutrient se-

cretion, absorption, glycemic regulation, carcinogenesis, and
circadian rhythms [18, 19]. According to the classification by
A. Parikh and C. Thevenin [20], VIP is considered a neuro-
endocrine hormone secreted by postganglionic non-cho-
linergic neurons of the enteric nervous system. Additional
mechanisms contributing to diarrhea in hypothyroidism are
intestinal barrier disruption and increased intestinal permea-
bility. These changes allow antigens to cross the barrier, ac-
tivate the immune system, cross-react with extraintestinal
tissues, alter the gut microbiota composition, and reduce
the bioavailability of essential trace elements (such as iodine,
iron, and copper) that are critical for thyroid hormone syn-
thesis, as well as selenium and zinc, which are required for
the conversion of T, to T, [21].

Although VIP receptors (VPACI1, VPAC?2) are predomi-
nantly expressed in the smooth muscle and vasculature of
the gastrointestinal tract, VPAC2 receptors are also present
in the follicular and neural structures of the thyroid gland
[22]. Experimental studies have demonstrated a high degree
of co-localization between VIP and pituitary adenylate cy-
clase-activating polypeptide (PACAP) in intrathyroidal nerve
fibers and the cell bodies of the thyroid ganglia. VIP has also
been shown to increase thyroid blood flow, partially contri-
buting to its regulation [23]. Moreover, VIP is a neuropeptide
with potent immunomodulatory properties, and its decreased
serum levels have been associated with various inflammatory
and autoimmune disorders. However, its exact role in the
pathogenesis of autoimmune thyroid diseases remains unclear
[24]. Studies cited above have demonstrated a reduction in se-
rum VIP levels in patients with Graves’ disease, while no such
change was observed in patients with Hashimoto’s thyroiditis.
VIP levels positively correlated with thyroid hormone con-
centrations, and in Graves’ disease, impaired VIP signaling
affecting thyroid function was observed, which the authors
suggest may be related to VPACI receptor dysfunction.

The aim of the study was to investigate the nature of
changes in serum vasoactive intestinal peptide levels in pa-
tients with hypothyroidism and to examine their association
with thyroid hormone concentrations and indicators of vis-
ceral hypersensitivity.

Materials and methods

All patients enrolled in the study provided written in-
formed consent. The study was conducted by the ethical
principles outlined in the Declaration of Helsinki of the
World Health Organization, Ethical Principles for Medical
Research Involving Human Subjects, and was approved by
the Bioethics Committee of Ivano-Frankivsk National Medi-
cal University (Protocol No. 20 dated December 15, 2020).

Inclusion criteria for the study were confirmed hypothy-
roidism and irritable bowel syndrome with either constipa-
tion or diarrhea, based on the assessment of hormonal profile
(TSH, T,, T,) and according to the Rome IV criteria. Patients
with comorbid diabetes mellitus, neurological disorders (in-
cluding Parkinson’s disease, stroke, inflammatory diseases
of the nervous system), or pathology of the anal region and
rectum were excluded from the study.

We examined 62 patients with hypothyroidism, of whom
40 were diagnosed with constipation and 22 with small in-
testinal bacterial overgrowth (SIBO) accompanied by diar-
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rhea. Additionally, 36 patients with irritable bowel syndrome
(IBS), diagnosed according to the Rome IV criteria, were
examined — 22 with the constipation-predominant subtype
and 14 with the diarrhea-predominant subtype.

Patients with hypothyroidism were predominantly of
working age and were distributed by age groups as follows:
14.5 % were aged 20—30, 33.9 % were 30—40 years, 33.8 %
were 40—50 years, and 17.8 % were 50—60 years. Among
patients with irritable bowel syndrome, 38.8 % were aged
20—30, 41.7 % were 30—40, and 19.4 % were 40—50, with
a mean age of 32.6 £ 0.6 years (p < 0.01). All participants
underwent measurement of thyroid-stimulating hormone
(TSH) and free triiodothyronine (fT;) levels using immu-
nochemiluminescent assay and free thyroxine (fT,) le-
vels using enzyme-linked immunosorbent assay (ELISA).
Serum levels of vasoactive intestinal peptide (VIP) were
determined using ELISA with Human VIP ELISA Kit,
Elabscience (USA), and were expressed in pg/mL. Vis-
ceral sensitivity was assessed using the visceral sensitiv-
ity index (VSI) [25], which has demonstrated reliability
as well as good content, convergent, divergent, and pre-
dictive validity. The reliability of the VSI was confirmed
through Cronbach’s alpha testing, as well as construct
and discriminant validity assessments [26, 27]. The VSI is
a unidimensional, 15-item scale that measures gastroin-
testinal-specific anxiety. Items are rated on a Likert scale
from 0 to 5 points.

Statistical analysis of the results was performed using
the STATISTICA software package for Windows 10 (Stat-
Soft Inc., No. AGFR205F354521FA-5) and the statistical
functions of Microsoft Excel. Both parametric and non-
parametric methods were used for data evaluation. Catego-
rical data were analyzed using Pearson’s chi-square test ()?)
with Yates’ correction for small sample sizes. The strength
of correlation between quantitative variables (r) was deter-
mined using Spearman’s method. Data are presented as the
mean =+ standard error of the mean (M £ m). Correlations
between parameters were also analyzed using Pearson’s cor-
relation coefficient. Differences were considered statistically
significant at a p-value < 0.05.

Results

Symptom clustering analysis in patients with hypothy-
roidism demonstrated a high prevalence of cold intolerance,
brittle nails, hair loss, and memory impairment, irrespec-
tive of bowel habit subtype. Drowsiness was more frequently
reported among patients with constipation (70.8 %) com-
pared to those with diarrhea (58.8 %). Similarly, general
weakness was observed in 95.8 % of patients with consti-
pation and 82.4 % with diarrhea. In contrast, hypothyroid
patients with diarrhea exhibited a higher prevalence of ab-
dominal bloating (+41.1 %), sluggishness (+14.9 %), and
reduced exercise tolerance (+7.4 %) compared to those
with constipation. Among patients with irritable bowel syn-
drome (IBS), hypothyroidism-related symptoms such as
cold intolerance, nail brittleness, hair loss, and cognitive
impairment were not reported. However, abdominal bloa-
ting (46.8 %), drowsiness (34.4 %), and reduced physical
endurance (28.1 %) were common, with no statistically sig-
nificant difference between constipation- and diarrhea-pre-

dominant IBS subtypes. Notably, specific features of hy-
pothyroid-related constipation included a greater need for
high-dose laxatives (91.7 vs. 38.9 % in IBS-constipation),
frequent straining during defecation (80.5 vs. 36.1 %), and
a significantly higher incidence of iron deficiency anemia
(46.3vs.5.5%).

In cases of hypothyroidism with diarrhea symptoms and
diarrhea-predominant irritable bowel syndrome, no signi-
ficant differences in clinical manifestations were observed.

The level of TSH in patients with hypothyroidism
and constipation was 5.79 = 1.30 ulU/mL, compared to
2.91 £ 0.57 uIU/mL in patients with constipation-pre-
dominant irritable bowel syndrome (IBS-C). In pa-
tients with hypothyroidism and diarrhea, TSH levels
averaged 5.47 + 1.26 ulU/mL, whereas in those with
diarrhea-predominant IBS (IBS-D), the TSH level was
2.18 £ 0.72 ulU/mL. Serum concentrations of T, and T,
in patients with hypothyroidism and constipation were
1.92 £ 0.23 nmol/L and 0.66 £ 0.11 ng/dL, respectively. In
the IBS-C group, T, and T, levels were 2.82 + 0.09 nmol/L
and 1.18 £ 0.18 ng/dL, respectively. Among patients with
hypothyroidism and diarrhea, T, and T, concentrations were
1.92 &+ 0.35 nmol/L and 0.81 £ 0.23 ng/dL, while in IBS-D
patients, the corresponding values were 2.99 + 0.44 nmol/L
and 1.15 = 0.33 ng/dL.

The concentration of VIP in the serum of patients with
hypothyroidism and constipation was 47.94 + 10.48 pg/mL
(p < 0.05), significantly lower than in healthy individuals
(94.62 + 22.44 pg/mL). In patients with constipation-pre-
dominant irritable bowel syndrome (IBS-C) without thyroid
dysfunction, VIP levels were 67.87 = 1.92 pg/mL (p > 0.05).
In cases of combined hypothyroidism and diarrhea and diar-
rhea-predominant IBS (IBS-D), serum VIP concentrations
were 150.00 + 33.25 pg/mL and 100.56 + 5.49 pg/mL, re-
spectively.

We analyzed the relationship between TSH levels and
VIP concentrations in patients with hypothyroidism and
constipation. A weak but statistically significant positive cor-
relation was found (r = 0.3322, p = 0.0362), suggesting a po-
tential role of VIP in regulating the hypothalamic-pituitary-
thyroid axis (Fig. 1).
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Figure 1. Scatter plot illustrating the correlation
between thyroid-stimulating hormone
and vasoactive intestinal peptide levels in patients
with hypothyroidism and constipation
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Figure 2. Correlation between thyroid-stimulating
hormone and vasoactive intestinal peptide levels
in patients with hypothyroidism and diarrhea

This correlation was more pronounced in patients with
hypothyroidism and diarrhea (r = 0.4692, p = 0.0276), fur-
ther supporting the interaction between vasoactive intestinal
peptide (VIP) and the hypothalamic-pituitary axis (Fig. 2).

The visceral sensitivity index in patients with hypothy-
roidism and constipation was 68.08 &+ 9.81 points. In the
healthy control group, the VSI was significantly lower at
16.66 £ 1.37 points, while in patients with constipation-pre-
dominant irritable bowel syndrome (IBS-C) without comor-
bid conditions, it was 31.18 + 4.02 points. In patients with
hypothyroidism and diarrhea, the VSI was also elevated,
reaching 67.82 £ 8.80 points, whereas in patients with diar-
rhea-predominant IBS (IBS-D) without thyroid dysfunc-
tion, the index was 48.14 £ 7.11 points.

Discussion

As S. Nakane et al. [28] noted, the human intestine con-
tains an enteric nervous system that includes primary efferent,
motor, secretomotor, and vasomotor neurons. These neurons
are interconnected through synaptic connections, forming
parallel reflex arcs [29]. Specifically, inhibitory neurons secrete
VIP and nitric oxide, which exert additional secretory and va-
somotor effects [30]. In patients with constipation associated
with comorbidities, a reduction in the number of neurons in
the submucosal layer of the colon known to contain VIP has
been observed, along with a significant decrease in VIP ex-
pression in submucosal neurons. These mechanisms are likely
involved in the pathogenesis of constipation [31].

Our findings of reduced serum VIP concentrations in
patients with hypothyroidism and constipation are consistent
with these earlier observations. Moreover, hypothyroidism
may alter VIP expression in parvocellular and magnocellular
neurons of the hypothalamic paraventricular nucleus, as well
as in smooth muscle tissues of experimental animals, leading
to extracellular fluid retention, thirst, and increased blood
pressure [32, 33]. The decreased levels of VIP identified in
both hypothyroid patients with constipation and those with
constipation-predominant irritable bowel syndrome are also
consistent with the findings of A. Furgata et al. [34].

The elevated VIP serum concentration in patients with
hypothyroidism and diarrhea supports the role of gut mi-
crobiota in modulating the endogenous metabolism of in-

testinal hormones. Disruption of the microbial composition
contributes to impaired colonic barrier function and reduced
absorption of essential minerals such as iodine, selenium,
and iron [35]. Since the microbiota plays a pivotal role in the
metabolism of nutrients and hormones, including both exo-
genous and endogenous iodothyronines, and in the homeo-
stasis of the thyroid gland through micronutrient availability,
excessive bacterial overgrowth and increased VIP levels may
contribute to gastrointestinal, immunological, and metabolic
disturbances, ultimately manifesting as diarrhea [36].

According to H. Zhao et al. [37], the gut microbiota
composition differs between patients with Graves’ disease
and those with Hashimoto’s thyroiditis, with Actinobacteria
and Propionibacteria being most abundant in the former.
Impaired micronutrient absorption and increased intestinal
permeability during diarrhea may further involve the thyroid
gland in the pathological process [17]. As noted by other
authors [19], VIP-mediated modulation of colonic smooth
muscle contractility may also be influenced by gut micro-
biota, reinforcing the interconnectedness of microbial, hor-
monal, and neuromuscular regulation in these conditions.

Small intestinal bacterial overgrowth and reduced thyroid
hormone levels may contribute to impaired intestinal motility
and altered visceral sensitivity. Therefore, all patients with
thyroid dysfunction should be screened for SIBO [35]. Vis-
ceral hypersensitivity is recognized as a key pathophysiologi-
cal mechanism in IBS, contributing to both pain and disor-
dered peristalsis [38]. VIP may be involved at multiple stages
of IBS pathogenesis [39]. In this context, the significantly
elevated VSI detected in our study both in IBS patients and
in those with hypothyroidism combined with either diarrhea
or constipation supports this mechanism. The mean VSI in
these groups was 4.1 times higher than in healthy controls,
confirming the association between thyroid dysfunction, gut
motility disturbances, and visceral sensitivity.

Thus, patients with hypothyroidism and impaired colonic
function exhibit divergent changes in serum levels of VIP: a
decrease in cases with constipation and a moderate increase
in those with diarrhea. These alterations suggest that thyroid
pathology may contribute to the underlying mechanisms, as
evidenced by the less pronounced VIP fluctuations observed
in patients with IBS with either constipation or diarrhea.
Changes in VIP levels appear to influence the degree of vis-
ceral hypersensitivity.

Conclusions

The present study demonstrated that serum levels of va-
soactive intestinal peptide in patients with hypothyroidism
vary significantly depending on the type of intestinal motility
disturbance: decreased levels were observed in cases with pre-
dominant constipation, while increased levels were detected
in those with diarrhea. These alterations were accompanied
by a significant elevation in the visceral sensitivity index,
indicating a likely pathophysiological role of VIP in the de-
velopment of functional gastrointestinal disorders associated
with endocrine pathology.

A positive correlation between VIP and thyroid-stimu-
lating hormone levels suggests the potential involvement of
this neuropeptide in the regulation of the hypothalamic-pi-
tuitary-thyroid axis. This association was particularly evident

Tom 21, N2 4, 2025

www.mif-ua.com, https://iej.zaslavsky.com.ua 79



OpwuriHaAbHi AoocAipXeHHs / Original Researches

skl

in patients with coexisting diarrhea, possibly reflecting the
influence of intestinal barrier dysfunction and microbiota
alterations on endocrine regulation.

The findings support the consideration of VIP as a
functional marker of enteral and thyroid regulation and as
a promising target for further clinical and experimental re-
search in the context of treatment strategies. Expansion of
the study sample and inclusion of additional neuroendocrine
markers such as thyrotropin-releasing hormone and pituitary
adenylate cyclase-activating polypeptide is recommended to
deepen the understanding of the pathophysiological interac-
tions within the thyroid-gut axis.
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Miyyk B.I., Kosinvyk I'.B., BeHrposuy O.3., LLlaramawi Y.[1., CanmkiH T.1.
IBAHO-DPAHKIBCHK HALIOHAABHUI MEANYHWY YHIBEPCUTET, M. IBAHO-OPAHKIBCHK, YKpaAiHO

PiBeHb BA3OOKTUBHOIO iIHTECTUHAABHOIO MOAINENTUAY Y XBOPUX HA FNoTMpeo3s
i3 NopyLweHHIM PYHKLiT KULLeYHUKA TA MOro 3B’S130K
i3 NOKA3HUKAMM BiCLLEPAABHOI FiNnepYyTAUBOCTI

Pesiome. Axkmyaavnicme. TinoTrpeos € MOLIMPEHUM E€HIOKPHH-
HUM 3aXBOPIOBaHHSIM, 1110 CYTTPOBOMIXKYETHCS 3MiHAMU MOTOPUKU
IIIJTYHKOBO-KUIITKOBOTO TPaKTy, 30KpeMa y BUTJISIII 3amopiB abo
niapei. BazoaktuBHuit iHTecTuHanbHuMil ientun (VIP) peryitoe
MOTOPUKY, CEKpellilo, iIMyHHY BiNOBib KUILIEUHUKA Ta Oepe
Yy4JacThb y B3aEMOJIil MiX EHTepaIbHOIO i EHIOKPUHHOIO CUCTEMa-
mu. BonHouac ocob6amBocTi 3MiH KoHUeHTpauii VIP y naiieHTiB
i3 TinoTUpeo30M Ta (PyHKIIOHATbHUMM MOPYLIEHHSIMU KUILIeU-
HUKa 3aJIMIIAI0ThCST HEAOCTATHRO BUBYEHUMU. Mema: OLliHUTH
piBeHb VIP y nauieHTiB i3 rinoTMpeo30oM i MOPYIIEHHSIM MOTO-
PMKU KHUIIIEUHUKA Ta TpoaHajidyBaTu MOro 3B’sI130K i3 TUpPEOia-
HOM (DYHKITIEIO i BiCIIepaJIbHOIO TinepuyTauBicTio. Mamepiaiu ma
memoodu. O6cTexeHo 62 ocobu 3 rimotupeo3om (40 i3 3armopamu,
22 — 3 miapeero) Ta 36 MaLi€HTIB i3 CUHAPOMOM ITOAPa3HEHO-
ro KMIIeYHUKa 0e3 TUpeoinHoi marojorii. PiBHI TupeoTpoImHO-
o TOPMOHY, BiJIBHOTO TPUHOATUPOHiIHY, BIIBHOTO TUPOKCUHY
BU3HAYaAJIM iIMyHOXEeMiTIOMiHECIIEHTHUM MeToaoMm, VIP — 3a
IIOTIOMOTOI0 iMyHO(DEepMEHTHOTO aHali3y. BicuepanbHy Timep-
YYTJIMBICTh OLliHIOBaIM 3a iHaekcoM VSI. CtaTucTuuHmMii aHami3

MMPOBOJMJIA 3 BUKOPUCTAHHSIM X2-KPUTEPil0 Ta KOPEJSIiiHOTO
ananizy Ilipcona. Pe3yasmamu. I1pu rinotupeo3si i3 3arnopamu
BUSIBJIEHO 3HUXeHHs piBHS VIP (47,94 + 10,48 nir/mi), Tomi K
nipu aiapei — niasuiueHHs (150,00 £ 33,25 nr/mi). [Moxni6Hi, ane
MEHII BUpaXXeHi 3MiHU CITOCTEPiraarch y XBOPUX HA CUHIAPOM I10-
npa3HeHoro kuieyHuka. [Hmeke VSI OyB BiporinHo miaBUIeHUM
y BCiX MariieHTiB i3 matoJorieto (p < 0,05). BcraHOBIEHO MO3UTHB-
HUI KOpensuiiHuit 38’5130k Mix piBHsiMU VIP i TupeorpomnHoro
TOPMOHY, 1110 OYB OLIBII BUPAKEHUI TIPU TilIOTUPEO3i 3 liapeeto
(r=0,4692, p=0,0276). Bucnoseku. 3minu pisHst VIP 3anexatsb Bin
TUITY TTOPYIIEHHSI MOTOPUKY MPH TiMOTUPEO3i Ta CYMPOBOIKYIOTh-
¢ MIBUIIEHOIO BicuepajbHOIO YyTauBicTIO. VIP posrismaeTbes
SIK MapKep (yHKIIOHAJILHOTO CTaHy OCi «LIIUTOIOoNiOHA 331032 —
KUIIIEYHUK» Ta TOTpeOy€e BUBUCHHSI SIK TOTEeHIIiiiHA 1iarHOCTUYHA
i TaTOreHeTUYHA JJaHKa.

KirouoBi ¢J10Ba: rinmoTrpeos; Ba30aKTUBHUI iHTECTUHANBHUIA
MEeNTUI; CUHAPOM IMOAPAa3HEHOTO KUIIIEUHUKA; BicliepaibHa Ti-
MePYYTIUBICTD; MOPYLUIEHHSI MOTOPUKHU KUIIIEYHUKA; TUPEOIMHI
TOPMOHM
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AyHaesa L1,

XQPKIBCbK HALIOHAABHUI MEANYHWN YHIBEDCUTET, M. XapKiB, YKpQiHO

MpeAuKTOpPU 3MIH GioMmapKepiB
Yy NatoreHesi KapAioMeTaboAIiYHUX eHOoTUNIB
NnpPv NOEAHAHHI APTEepPIaAAbHOI rinepTeHsii,
LLYKPOBOro Aia6ety 2-ro tTuny 1a OXXUPiHHS

Pestome. AkTyanbHicTb. [onpy HaKoMMHYeHHs gaHuX Lodo [iarHOCTUHHOIO 3HaYeHHs OKpeMux GioMapKepis,
icHye negiunT [ocnifxxeHb, siKi 6 IHTerpyBaan MysbTUaKTOPHWIA aHaslia 3MiH iX PIBHIB i3 KJIIHIYHOW OLIHKOO
NiKyBaHHs1 y nauyieHTIB i3 noegHaHor apTepianbHoro rineptensiero (Al), uykposum giabetom 2-ro tuny (4A2) Ta
OXUPIHHSM. OCcO6/IMBO Ma’sio BiFOMO PO NPeanKTOPU 3MiH LiMX Mapkepis rif BrijMBOM KOMOIHOBaHoOI ghapmakoTe-
panii Ta npo ixHo B3aEMOZIt0 3 reMoaNHaMIYHUMM, METabOoIIYHUMM Vi peHaibHuMu napametpamu. Meta: oyiHnTn
MPOrHOCTUYHY POJib 3MIH PIBHIB 6ioMapkepis KatectaTtuHy, KapRioTpogiHy-1, B2-mMikpornobyniHy, umcratmHy C,
JlinoKariHy, acoyirioBaHoro 3 xenaTnHasor HeuTpoginis, N-KiHLUeBoro nponentuay HaTpillypeTu4Horo ropMoHy
B-tuny, nentuHy Ta iHCyniHy y ¢hopMyBaHHI CripUSITIIMBOro Kap[ioMeTabosiqyHoro ¢oeHotury y nauyieHtis 3 AL, L2
Ta OXUPIHHSIM, @ TaKOX BU3HAYUTUN KITIHIKO-QDYHKLIOHATbHI MPeanKTopU iX AMHaMiku Ha T/ UirboBOI hapmako-
Tepanii. MaTtepiann ta metogn. [ocnigxeHo 250 nayieHTiB, pO3NoAZiNeHNx Ha YOTUPU KITiHIYHI rpyrv 3ai1exXHo
Big noeaHaHHs CyryTHIX NaTosnoriv. Y mexax poboTu OUiHIOBaINCS PiBHI KatecTaTuHy, KapgioTpogiHy-1, B2-mi-
KpornobyniHy, umctatuHy C, NGAL, NT-proBNP, nentuHy Ta iHcyniHy. Pe3ynbratn. AHania nokasas, Lo 3MiH/
PIBHIB Unx 6ioMapkepiB MaroTb TICHUV 3B’A30K i3 CTPYKTYPHO-(OYHKLIOHAIbHUMN rapamMeTpammn cepys i HUPOK,
BYIr71€BOAHO-NINIgHNM OOMIHOM, IHOEKCOM Macu Tina, riikeMidHUM KOHTPOJIEM, & TaKoX 3asiexartb Bif JIiKyBaHHS.
HavibinbLy nporHoctuyHo 3Hadvywmmm sussumcs CST, CTF-1, Cys C, NT-proBNP, 2-M ta nentuH. OTpumaHi
[aHi 4O3BOMISATL PO3ITIAAATH iX K NPeanKTOPU PeMOLENBaHHS Miokapaa, [iacTonivyHoi AMCeYHKLIT, MopyLLIEeHHS
peHarnbHoI yHKUiT, rinepTpodii Ta aucninigemii. BACHOBKW. [JoC/ifKeHHs MigKpecstoe AoLiNbHICTb iHTerpauii 6io-
MapKepHOro MOHITOPUHTY B PYTUHHY NPaKTUKY CTpaTugikalii pusmKy Ta nepcoHanisauii TepanesTM4Horo nigxony
y nayieHTiB 3 A", 0co6/MBO B yMOBax MeTabosli4Hoi KOMOPOIAHOCTI.

KnroyoBi cnoBa: aprepianbHa rinepTeHsis; LyKpoBuii giabeT 2-ro Tury; OXupIiHHS; 6ioMapkepy; KaTecTaTuH;
KapgiotpogiH-1; ynctatuH C; B2-mikpornobyniH;, NT-proBNP; nentvH; npeankTopu; peMo[entoBaHHs

Bctyn

KoMop6inHicTs apTepianbHoi rinepreHsii (Al), ykpo-
Boro niadety 2-ro tumy (LIJ12) Ta oxxupiHHS € OIHI€EIO 3
HaWCKIamHIIMX KJIiHIYHUX MTPO0JIeM Cy4acHOI MEIUIIMHU
[1]. LLi Tpu maToNOriYHi CTaHU HE JIMIe MalOTh CIUIbHI
naTodi3ioIoriuHi JIAHKH, ajie i MOTEHIIi0I0Th BIUIMB OIWH
O/IHOTO, (POPMYIOUM BUCOKUIT KapliOpeHATbHUI PU3HK, 1110
iCTOTHO MOTipIIIy€e IPOTHO3 IMAlli€HTIB [2].

Ha croromni AI', LIZI2 i oXXUpiHHS PO3MISIIAIOTHCS SIK
OCHOBA KapAiopeHOMeTa0O0IiuYHOTO CUHAPOMY — MYJIbTU-
(haKTOPHOTO TMaTOJIOTIYHOTO KOMILIEKCY, 1110 CYTTPOBOIXKY-

€ThCS eHAOTeNiaIbHOI0 TUCHYHKIIIE€I0, CUCTEMHHUM 3ara-
JICHHSIM, aKTUBAIli€l0 CUMIATUYHOI HEPBOBOI CUCTEMU,
OKCHUIATUBHUM CTPECOM i pEMOJENTIOBAaHHSIM CEPIIEBO-CY-
NUHHOI Ta MOPYIIEHHSIM peHaIbHOI (pyHKIIIT [3, 4].

Xoya 10CATHEHHS LiIbOBUX PiBHIB apTepiaJlbHOIO TUC-
Ky, IJIiKeMil Ta Macu Tijla € 6a30BUMU KPUTEPisIMU ePeK-
TUBHOCTI JIIKyBaHHSI, BOHU HE 3aBXJI1 KOPEIIOIOTh 3 KJTiHiY-
HUM nepebirom ado 3HIKEHHSIM PU3UKY YCKIIaTHEHb [5].
Y 3B’s13Ky 3 IUM Y (DOKYCi CydacHUX JOCIiIKEHb ITepeOyBae
MOIIyK OioMapKepiB, sIKi O TO3BOJIMJIM [JIMOIIE OXapakTe-
pu3yBaTy (DEHOTUII IAlliEHTa, TlependauYnT HMOBIpHICTh
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CIIPUSITIMBOTO a00 HECTIPUSTIMBOTO Mepediry 3aXBOprOBaH-
Hs1, @ TAKOX afarTyBaTH Teparlilo BiIMOBIAHO A0 iHAUBILY-
aJIbHOTO MMAaTOTEHETUYHOTO Tpodiiio [6, 7].

Oco06MBY yBary nprMBepTarOTh TaKi MapKepH, SIK KaTecTa-
TuH, Kapaiorpodin-1 (CTF-1), B2-mikporiodyain (f2-M),
muctatiH C (Cys C), ninokaltiH, acoliifoBaHui 3 XKeJlaT -
Hazoto HeiTpodiniB (NGAL), N-kiHleBuii ¢hparMeHT Ha-
TpititypernaHoro rnentuny (NT-proBNP), nentun ta inHcymin
[8—10]. Bonu BimoOpaxkaroTh pi3Hi MeXaHi3MM IaToJIOoTii —
BiIl HEIPOTYMOpAaIbHOI PETyJIAllil Ta eHA0Te IiaTbHOI (PyHK-
11ii 10 cTaHy PeHaJIbHOTO KJIipeHCy, 3arajibHOI aKTUBHOCTI,
rinepTpodii Miokapaa i 4YyTJaMBOCTi 10 iHCyaiHy [11—14].

3MiHM UX GioMapKepiB y AMHaAMIL JTIKyBaHHS MOXYTb
MaTH He JIMLIE iarHOCTUYHY, ajie i MPOTHOCTUYHY LiH-
HICTh, TO3BOJISIIOUN ineHTU(DIKYyBaTH (POpMYBAHHS CIIPU-
SITJIMBOTO KapAioMeTaboJiYHOro (DeHOTHUITY, TOOTO CTaHy,
3a SIKOTO HOPMaJIi3ylOThCSI OCHOBHI CTPYKTYPHO-(YHKITi-
OHaJIbHI Ta MeTabOoJIiUHi MOKA3HUKM, 3HUXYETHCS PUUK
CeplLeBO-CYAMHHMUX i HUPKOBUX TOMIiil Ta MOJIMIIYETHCS
3arajJibHUIL cTaH nauieHTa [15, 16].

OnHak, MONMpU HAKOTIMYEHHS TaHUX LIO0A0 AiarHoC-
TUYHOTO 3HAYeHHS OKpeMuX OiomMapkKepiB, iCHye medinut
TMOCITIIKEeHb, sIKi 6 iHTerpyBaiu MyJbTU(aKTOPHUI aHaTi3
3MiH iX PiBHIB i3 KJIiHIiYHOIO OILIiIHKOIO JiKyBaHHS y Talli-
eHTiB i3 moenHauumu AL, L2 Ta oxupinHsM. Ocobnu-
BO MaJIO BiOMO IIPO MPEAUKTOPU 3MiH LIMX MapKepiB Mif
BIIMBOM KOMOIHOBaHOI (hapMaKoTepallii Ta IIpo ixHIO B3a-
€MO/IiI0 3 TeMOAMHAMIYHUMM, META0OJTIYHUMU U peHab-
HUMU IapameTrpamu [17, 18].

Y 11bOMY KOHTEKCTi aKTyaJbHUM € IOCJiIKEHHS pPoJii
3MiH BHUIlle3a3HayeHUX OiomMapKepiB y maToreHesi ta dop-
MYBaHHI KJIIHIYHOTO TIPOTHO3Y Y MAlliEHTIB i3 KOMILIEK-
CHOIO KapJioMeTaboiYHOIO MaTOJIOTi€I0, 1110 103BOJIUTh
OINTUMIi3yBaTU iHAWBIIyalIbHi CTpaTerii BeAeHHS MMalli€HTIB
Ta MiABUILIUTYU e(DeKTUBHICTb MPOMIIaKTUKHU YCKIATHEHb.

Mera pocaizKeHHs: OL[iIHUTU TPOTHOCTUYHY POJIb 3MiH
piBHiB OioMapKepiB KaTecTaTUHY, KapaioTpodiny-1, 32-Mi-
Kporno0OyiiHy, uuctatuHy C, JinokaliHy, acoliifioBaHOTO
3 JKeJaTHHa3010 HelTpodiniB, N-KiHIIEBOTO MPOTENTULY
HaTpillypeTM4YHOro ropMoHy B-Turly, JienTuHY Ta iHCYJi-
HY vV GOpMYBaHHi COPUSTINBOTO KapaioMeTadOoIiYHOTO
denoruny y nauieHTiB 3 AI', LIZI2 Ta 0XUpiHHSAM, a TAKOX
BU3HAUYUTHU KJIiHiKO-(GyHKIIIOHAIbHI IIPEIUKTOPHU iX TUHA-
MiKH Ha TJi IiJIb0BOI (papMaKoTepartii.

MarepiaAm Ta meToamn

JocniKeHHs MPOBOAUIOCH BiIMOBIAHO 10 €TUYHUX
TMPUHLIUTIB i TPaBOBUX HOPM, BU3HAYEHUX CTAaTyTOM YKpa-
THCBHKOI acolialii 3 6i0eTUKM, a TaKOXK 3TigHO 3 MiXKHa-
poaHumu ctangaptramu GCP (1992) ta GLP (2002). byno
MOTPpUMaHO BUMOT [ eJIbCiHChKOI IeKIapallii o0 3aXUCTy
npaB monuHu, KonseHiii Paqu €Bponu npo mpasa Jio-
IVHY i 6ioMenuiinHy. Po6oTy OyJIo ITOromkeHo KOMICi€Io
3 €TUKHU Ta 0i0eTUKU XapKiBChKOTO HalliOHAJIbHOIO Me-
JUYHOTO YHiBepcuteTy (mpotokoi Ne 9 Bim 15.09.2024 p.).

Y upomy nocnimkeHHi B3suin yyactb 250 maitieHTiB 3 Al
cepenHiM BikoM 55,26 + 8,00 poky, SK1X OyJIO pO3IOIiIIEHO
Ha YOTUPU KJIiHIYHI IpyNu BiAMOBIIHO 10 CYITyTHBOI MMaTo-
norii. Ilepia rpyna Bkiatoyana 49 XBopux i3 i30JIbOBaHOIO
AT (23 yonoBiku Ta 26 XiHOK), CEpeIHiil BiK SIKHUX CTaAHO-

BUB 54,36 X 8,17 poky, 10 Opyroi rpymnu yBiium 62 ma-
uieHtu 3 AI' y moeaHaHHi 3 oXXUpPiHHSIM (35 4OJIOBIKiB Ta
27 xiHOK), cepenHilt Bik — 53,52 + 9,24 poky, TpeTs rpyna
BKitovaia 77 oci6 i3 AI' ta LIJ12 (36 9omoBikiB i 41 xiHKa)
cepenHiM BikoM 56,26 £ 7,48 poky, ueTBepTa rpymna oo’e-
HyBaJa 62 maiieHTH 3 KoMmbGiHaieo AL, LIJ12 Ta oxkupiHHS,
cepen AKux 0ys10 23 yonoBiku Ta 39 XKiHOK, cepeHiii Bik —
56,50 = 6,83 poky. KoHntposbHy rpyity craHoBuau 20 ocib
6e3 BepudiKoBaHOI KapaioMeTaboIiTHOI ITaTOJIOTil.

Kputepii BUK/II0YeHHS: TTAlliEHTH 3 TOCTPUMHU iH(PEK-
LHiitTHUMU 200 aBTOIMYHHUMM 3aXBOPIOBAHHSIMU, OHKOTA-
TOJIOTi€10, XPOHIYHOIO XBOP0OOOI0 HUPOK > 3b cranii (LLIKD
< 35mi1/x8/1,73 M%), CAMIITOMAaTUYHOIO TiMePTEH3I€I0, TSIXK-
kum nepebirom LI/12, LI/11, BariTHiCTIO, 3aJIeXKHOCTSIMHU,
COVID-19 uu iHIIMMU TOCTPUMU 3aMaJIbHUMU CTAaHAMMU.

YciM yuacHMKaM JOCITiIKEHHSI POBOIMIN KOMIUIEKCHY
J1a00paTOPHO-iHCTPYMEHTAIbHY OLIIHKY. bioximiuyHuit aHa-
JIi3 BKJIIOYaB BU3HAYEHHSI KOMITOHEHTIB JIiMigHOTO TIpodi-
JII0: 3arajibHoOro xosnectepuHy (3X), XoJecTepuHy JIIOnIpo-
teiniB Bucoxoi (XC JITIBILL), au3pkoi (XC JITTHIL) i myzxe
Hu3bKoI 1iibHOCTI (XC JITTHILL), a TakoX TpUriinepumiB
(TT). Ouinky OyHKIIIOHAIEHOTO CTaHy HUPOK 3MiCHIOBAIN
LIJISIXOM BUMipIOBaHHS PiBHIB KpeaTUHiHY, CEYOBUHU Ta
PO3paxyHKy IIBUAKOCTI Ki1yooukoBoi ¢inbrpauii (ILIK®D)
3araJIbHOTIPUMHSTUMU MeToaaMU. 119 XxapakTepuCcTUKU
BYIVIEBOJHOTO OOMiHY BUM3HaAyaJlM KOHLIEHTpaLlii iHCYyTi-
Hy Ta riikoBaHoro remorio6iny (HbAlc) 3a momomororo
iMmyHodepmeHTHOro aHaiizy (IPA). Metonom IDA Takox
nocaimkysanu piBHi CST, CTF-1, 32-M, CysC, NGAL
NT-proBNP, 25-rinpokcuitaminy D (25(OH)D), nen-
TUHY, iHCYJIiHY i3 3aCTOCYBaHHSIM KOMEpPLiliHUX HaOOpiB
3TiZIHO 3 IHCTPYKIIiSIMU BUPOOHUKIB.

VYabTpa3ByKoBe AOCIIIXKEHHS Ceplisi BUKOHYBaJIU Ha
anapati Ultima PA (Radmir, Ykpaina) 3 BUKOpUCTaHHIM
ceKTopHoro dazoBaHoro aatuvka (2—3 M) BianosigHo
IO TTPOTOKOJIiB AMEPHUKAHCHKOTO TOBAPUCTBA €XOKap/Ii-
orpacii. BumiproBanu po3Mipu nmopoxHuH cepiis (aop-
Ta, JIiBe Ta IpaBe Iepeacepas, NpaBuil NUTYHOYOK), KiH-
neBo-aiacrojiuHmit (KJP JILL) i kiH1ieBo-cuctomiyHumii
(KCP JIII) po3mipu 1iBOTO HUTYHOUKA, TOBIIMHY MiXKIILTY-
HoukoBoi neperopoaku (TMIIII), ToBmuHy 3agHBOL
crinku jiBoro nutyHouka (T3CJIII), macy miokapna JILII
(MMUJIILL), ingexc Macu MioKapaa, HOpPMOBAaHMI Ha IUIOLILY
tina (IMMJILI1, IMMIJIIL2), BinHOCHY TOBIIMHY CTiHOK
(BTC JIIL), dpaxuito Buxkumy JILI (PB JII), a Takox mna-
pametpu niacroniuHoi pyHkiii — VE, VA, VE/VA i IVRT.

VYci nalieHTU OoTpUMyBalu KOMILJIEKCHE JIiKyBaH-
HS 3 BKJIOYEHHSIM CTaTMHIB, a camMe pO3yBacTaTUHY
10—20 Mr/no06y i KOHTPOJIIO JIiMiTHOTO OOMiHY, aHTH-
rirnepTeH3UBHY Teparito: mpu izonboBaHiil AI' Ta mpu Al
3 OXXMPIHHSIM — TiepuHaonpus 2—8 mr/mo0y; npu Al 3
/12 — nepunnonpua 8§ Mr y KoM0OiHallii 3 iHmamamiagom
2,5 mr abo amstopuriHoM 5 mr; ripu nioeaHanHi A, 12 Ta
OXXUpPiHHS MTpU3HaYaiacs NoTpiiftHa Tepamnis (MepuHIOIPUIT
8 mr, amutogumnin 5—10 mr, inmanamin 2,5 mr). Iamieatam
3 OXKUPIHHSIM JOJATKOBO MPU3HAYAIM JIiparjyTUa y cTap-
TOBIi 703i 0,6 Mr/mo0y 3 MOJAIBIIUM TUTPYBAHHSIM IS
NMIOCSTHEHHSI 1iboBoro iHaekcy Macu tia (IMT). Ocobu
3 cynyTtHiM LI/12 orpumyBaiu nanartidiao3ud 10 Mr/mooy
Ta aUETUJICATIIIUIIOBY KUCIIOTY 75 Mr/no0y.
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DopMyBaHHS CIPUSTIMBOTO (heHOTUITY BCTAHOBITIOBATIN
npu HbAlc < 7,0 %, XC JITTHII < 1,8 mmonb/n ta LITK®D
> 60 mi/xB/1,73 M2,

CraTucTUYHY 00pOOKY BUKOHYBAJIU 3 BAUKOPUCTAHHSIM
ANOVA (anaJi3 Bapiailii) mist nepeBipKy piBHOCTI IUCIIep-
ciit Ta t-xputepito CTbrofeHTa ISl TTIOPiBHSIHHS CepeIHiX
3Ha4YeHb. [10Ka3HUKU MoAaBau SIK CEpeAHE + CTaHIapT-
He BimxwiaeHHs (M £ SD). [l BUBYeHHSI B3aEMO3B’SI3KiB
3aCTOCOBYBaIM MYJbTU(AKTOPHUI perpeciiHuil aHais,
obuucoBain BigHoueHHs maHciB (OR) 3 95% nosipuum
inTepBasioMm (CI). 3HauyiicTh BBaxaau BipOTiHOIO TIpU
p <0,05.

PesyAbTaTU

Pesynbpratit mpoBeneHOTo MyJIbTUBApiaTUBHOTO JIOTIiC-
TUYHOTO aHaJli3y y MalieHTiB 3 i30Jb0BaHUM Tiepedirom Al
CBim4yaTh PO HASIBHICTh BipOTiAHMX 3B’sI3KiB MiX MiABU-
LLIEHHSIM PiBHIB OKpeMUX OioMapKepiB i CTPyKTYpHO-(PYHK-
LiOHAJILHUMU MMOKa3HUKaMU cepliid (Tad. 1).

Tak, 30inpmenns piBasg CST acouiroBanocs 3 MOJIIII-
LIEHHSIM AiacToMiYHOI (PYHKII1 JIiIBOrO IIUTyHOYKa, 1110 MpOo-
sBJIsIocs 3HWXKeHHsM iHnekcy VE/VA (B = —22,86271;
p = 0,0062), a Takox 3i 36inbieHHsM VE ( = 0,48855;
BII = 1,6300; 95% AI: 1,1510—2,3083; p = 0,0059;
AUC = 0,845). OxkpiM 11bOTro, BUSIBJICHO 3MEHIICHHS
BUPaXeHOCTI rineprpogii miokapna, 3okpema T3CJILL
(B=—45,29483; p=0,0156) Ta IMMJILL2 ( = —0,14383;
p=0,0126). OTpuMaHi pe3yJabTaTi J03BOJISIOTH PO3IJISIIATH
CST sk uyTnuBuii 6ioMmapKep MO3UTUBHOTO PEMOIEIIOBAH -
HsI MioKapJia B YMOBax i30JiboBaHoT0 niepediry Al'. Ouinka
piBHs1 CTF-1 moxka3zana, 1110 OTo MiABUIIEHHS BipOTriqHO
KopeJtoe 3i 30ibieHHaM niameTtpa aoptu (B = 5,83143;
BILI = 340,8456; 95% 11: 3,0072—38632,6942; p = 0,0157),
a TakoX 3i 3poctaHHSIM moka3dHmka VA (f = 0,14301;
BII = 1,1537; 95% A1: 1,0218—1,3027; p = 0,0210). Boa-
Houac BusiBieHo 3HuxkeHHs KCP JIII (f = —4,63991,
BIL = 0,0097; p = 0,0021; AUC = 0,830), 1110 TAKOX CBiJI-
YUTH PO 3BOPOTHUI MPOLIEC PEMOETIOBAHHSI.

V manienTiB 3 AI' y moeqHaHHi 3 OXXUPIiHHAM ITiIBU-
mweHHs1 piBHst CST acouiiroBanocs 3 TinepTpodiero MiKIILTy-

HoukoBoi nepetnHky (TMIIII; § = 10,23; p = 0,0332) Ta
3X (3 =0,79; p = 0,0073), 1110 CBiTYUTH TIPO HOTO 3B’SI30K
i3 metaboniuHumu 3MmiHamu (tadi. 2). NGAL maB Bipo-
rimHi 38’a3ku 3 XC JITTHII (f = 2,22; p = 0,0135), TT
(B=2,75;p=0,0038) i 3Hmxenum IMMIJIII2 (§ = —0,18;
p = 0,0026), miaTBepIKYIOYN OTO POJIb Y PAHHBOMY ypa-
KeHHi opraHiB-mimeHei. [linBuiieHHs NT-proBNP
acouiroBanocsg 3 VA (B = 0,58; p = 0,0306), 3MmeHIlICH-
HsM aiametpa aoptu (B = —21,9; p = 0,0185) Ta BTC JILL
(B = —63,99; p = 0,0373), 110 BKa3ye Ha O3HAKHM Iepe-
BaHTaXXeHHST TUCKOM. 32-M BiporinHo kopemtoBaB i3 VE
B=-0,18;p=0,0112), IMMJILI ( = —0,22; p=0,0105),
ceyoBuHow (B = —0,97; p = 0,0445) Ta JIIT (B = 3,11;
p = 0,0185), 1o Bkazye Ha 1Oro 3B’430K 3 pEHAJIbHOIO Ta
MeTa0oJIiYHOIO TUC(PYHKIIIETO.

VY manientiB 3 AI' Ta cynyrnim LIJI2 BcraHOBIE-
Ho, mo piBHi CTF-1 BiporinHo KopentoBaau 3i 30i1b-
meHnHsam BTC JILI (B = 20,89439; p = 0,0490), JiIlc
(B = 3,10887; p = 0,0128), 3nmxennsam KJIP JIII
(B = —4,03815; p = 0,0451) i macu ITLI (B = —4,71888;
p = 0,0436) (ta6xa. 3). IMigBumenus pisug CST 6yio
noB’si3aHe 3i 3poctanHaM VE (B = 1,81441; p = 0,0076),
HIK®D (3 =0,42101; p = 0,0268), MMJIL (B = 0,066761;
p=0,0223), ITHI (B = 11,98700; p = 0,0445) ta XC JITTHII]
(B=1,47698; p=0,0137), a Takoxx i3 3MeHImeHHsM VE/VA
(B = —135,43264; p = 0,0077), ceyoBunu (f = —0,98540;
p = 0,0125), KAP JIII (B = —8,63003; p = 0,0048),
IMMUJILI (B =—0,42186; p = 0,0266) i Biky (p = —0,20180;
p =0,0391), 110 CBiTYUTH MPO OTO MYIBTUDAKTOPHUIL Xa-
pakTep sIK Mapkepa metadosiuHoro romeocrasy. Cys C maB
BiporinHui1 3B0OpoTHUI 3B’s130K i3 MMJIIII (3 = —0,020659;
p = 0,0497), nminTBepAXyOUM HOTO AiarHOCTUYHY POJIb Y
BUSIBJIEHHI paHHIX NOpPYIIEeHb peHaabHOI (PyHKIIII Ha TJi
rimeptpodii. JlenTuH BiporimHO acolliloBaBcs 3 IOPY-
IeHHsIMU niactoniuHoi dyHkuii (3HMXKeHHs VE/VA:
B =—24,33564; p = 0,0328, VE ( = 0,34748; p = 0,0205),
VA (f = —0,28473; p = 0,0299)), a Takox i3 3pocTaH-
HaMm TMIIIT (B = 13,60662; p = 0,0427), XC JIITHIL
(B=10,59528; p=0,0454), HbAlc (f = 0,62409; p = 0,0381)
ta kpeatuHiny (f = 0,075867; p = 0,0377).

Ta6bnuys 1. MynbTuBapiatMBHUi N1oricTUMHUIA aHani3 npeaukTopis piBHiB CTF-1 Ta CST y rpyni
3 isonboBaHum nepebirom Al

MokasHuku B-koedpiLieHT Bl 95% Al p AUC
CTF-1
VA 0,14301 1,1537 1,0218-1,3027 0,0210
AopTa 5,83143 340,8456 3,0072-38632,6942 0,0157 (0,685?%?922)
KCP ML ~4,63991 0,0097 0,0005-0,1853 0,0021
X2 = 18,65; p = 0,0003
csT
VE 0,48855 1,6300 1,1510-2,3083 0,0059
VE/VA —22,86271 0,0000 0,0000-0,0015 0,0062 0,845
IMMJILLI ~0,14383 0,8660 0,7735-0,9696 0,0126 (0,713-0,933
T3CHLW -45,29483 0,0000 0,0000-0,0002 0,0156
X2 = 20,58; p = 0,0010
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Ta6bnuys 2. MynbTuBapiatMBHUiA NI0ricTUYHNNA aHanis npeaukTopis pisHiB CST, NGAL, NT-proBNP

Ta 2-M y rpyni 3 Al" y noegHaHHI 3 OXXUPIHHAM

lMoka3HukKu B-koedpilieHT BLLU 95% Al P AUC
CST
TMLLM 10,22862 27684,2189 | 2,2619-338837089,4460 0,0332 0,780
3X 0,79198 2,2078 1,2381-3,9369 0,0073 (0,645-0,882
X2 = 17,44; p = 0,0037
NGAL
3X -2,53935 0,0789 0,0128-0,4865 0,0062
IMMJILLI2 -0,18060 0,8348 0,7424-0,9387 0,0026 0,864
XC JMNHLL 2,22313 9,2362 1,5828-53,8958 0,0135 (0,741-0,942)
i 2,74943 15,6337 2,4317-100,5108 0,0038
X2 = 27,26; p = 0,0001
NT-proBNP
VA 0,57899 1,7842 1,0558-3,0153 0,0306
Aopta —-21,89998 0,0000 0,0000-0,0252 0,0185 0,939
Bara 0,18044 1,1977 1,0282-1,3952 0,0205 (0,838-0,986)
BTC /LW -63,98975 0,0000 0,0000-0,0230 0,0373
X2 = 23,62; p = 0,0085
B2-M

VE -0,17632 0,8384 0,7316-0,9607 0,0112
IMMJILLI2 -0,21923 0,8031 0,6790-0,9499 0,0105 0,907
e 3,10803 22,3769 1,7015-294,2890 0,0181 (0,795-0,969)
CeyoBuHa —0,96600 0,3806 0,1483-0,9767 0,0445

X2 = 22,25; p = 0,0002

Ta6bnuys 3. MynbTuBapiatuBHM IOricTMYHUIA aHanis npeamkrTopis pisHiB CTF-1, CST, Cys C
Ta nentuHy B rpyni 3 AI' y noegHaHHi 3 42

Moka3Hukn B-koedpilieHT BLU 95% Al p AUC
1 2 3 4 5 6
CTF-1

Bara —0,10512 0,9002 0,8129-0,9969 0,0434

BTC MU 20,89439 1,19E+009 1,0954—1,29E+018 0,0490

KOP LU —4,03815 00176 0,0009-0,3564 0,0085 (0,7%%%‘?920)
NMc 3,10887 22,3958 1,9568-256,3279 0,0124

m —4,71888 0,0089 0,0001-0,8484 0,0423

¥’ = 17,43, p = 0,0077

csT

LIK® 0,42101 15235 1,0496-2,2114 0,0268

VE 181441 6,1375 1,6182-23,2782 0,0076

VE/VA ~135,43264 0,0000 0,0000-0,0000 0,0077

VA —1,74637 01744 0,0471-0,6456 0,0089

Bik ~0,20180 08173 0,6747-0,9899 0,0391

IMT —2,05167 0,1285 0,0296-0,5588 0,0062

IMMIILLI2 —0,42186 0,6558 0,4682-0,9186 0,0141 (0’7%‘3”6?933)
CevoBuHa ~0,98540 0,3733 0,1468-0,9491 0,0385

MMJILL 0,066761 1,0690 1,0096-1,1320 0,0223

o 11,98700 161E+003 1,3454-19,2E+009 0,0445

TMLUIN —73,12256 0,0000 0,0000-0,0000 0,0057

KOP ML —8,63003 0,0002 0,0000-0,0721 0,0048

XC NMHLL 1,47698 4,3797 1,3541-14,1657 0,0137

x? =20,58; p=0,0010
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skl

3akiH4YeHHs1 Tabsn. 3

1 2 3 4 5 6
CysC
MMILL —0,020659 0,9796 0,9595-1,0000 0,0497
VE —0,42552 0,6534 0,4614-0,9254 0,0165
VE/VA 33,86276 509E+012 | 6356,0053-40,7E+024 0,0082 (0,79?6346?930)
VA 0,44087 15541 1,1269-2,1431 0,0072
XC NMBLL —2,88241 0,0560 0,0040-0,7895 0,0328
¥ = 23,92; p = 0,0024
NentuH
MMILL 0,022629 1,0229 1,0011-1,0451 0,0390
VE 0,34748 14155 1,0549-1,8993 0,0205
VE/VA —24,33564 0,0000 0,0000-0,0360 0,0232
VA —0,28473 0.7522 0,5818-0,9726 0,0299
CAT 0,083291 1,0869 1,0145-1,1644 00178 (0’73%?%?932)
KpeaTuHin 0,075867 1,0788 1,0110-1,1512 0,0221
TMLUI 13,60662 811E+003 1,5624—421E+009 0,0427
XC NMHLL —0,59528 05514 0,3078-0,9880 0,0454
HbATc 0,62409 1,8665 1,0349-3,3665 0,0381

X2 = 23,24; p = 0,0099

Y naiieHTiB i3 moeaHaHoIO narojoriero — Al', oxu-
pinasMm i LIJ12 BctanoBneHo, 1o minpuiieHHs piBHsA Cys C
OyJ10 acoliitoBaHe 3 giactosiyHow auchynkuieo (IVRT;
B =0,11373; p = 0,0341), pemonemoBanusam cepirsg (KCP
JIL; B = 2,27369; p = 0,0196; IMMUJILL; B = 0,093469;
p =0,0192), 36inbmennsam I (B = 10,93978; p=0,0118)
Ta 3MeHmWeHHaM ToBmuHu ITHI (B = —15,81550;
p = 0,0094), 110 ninTBepIKY€E HOTO POJIb y paHHIll peHaTb-
Hill Ta KapmiaiabHil gucdyHkiii (tadm. 4). JlentuH Kope-
nmoBaB 3i 3HuwkeHuM piBHeM XC JITIBIILL (f = —4,03789;
p = 0,0403), migBuieHuM nmokasHukoM VA (f = 0,50264;
p = 0,0284) i macoro tima (f = —0,26444; p = 0,0204),

BKa3yl4yM Ha MOro TiCHUI 3B’S30K i3 MOPYILIEHHSIMU Ji-
ITiITHOTO OOMIHY Ta LEHTPaJIbHUM OXUpiHHIM. s 32-M
3HAUyLIMMU TIpeauKTopamMu ctaiu: Bik (B = 0,34725;
p = 0,0175), piBenp HbAlc (B = 1,72672; p = 0,0233)
ta IHK® (B = 0,21136; p = 0,0158), 1o BKa3ye Ha pe-
HaJIbHi 11 MeTaboJiuHi mopymeHHs. [linBumenns NT-
proBNP y wiit rpymni acomniroBanocs: 3 TillepTpUTITiLIepU-
nemiero (TT; = —9,07604; p = 0,0081), migsuienum XC
JITTHII (B = 21,35524; p = 0,0186), 3poctanusam BTC JIII
(B = 36,07543; p = 0,0144), 1m0 cBiAYUTHL PO BUpaAXKEHE
HaBaHTaXKeHHS THUCKOM Ha MioKap[ i aKTUBAIlil0 HEUPOTy-
MOpaJIbHUX MEeXaHi3MiB.

Ta6bnuys 4. MynbTuBapiatMBHWI JIOriCTUYHWUI aHani3 NpeaUKTopiB piBHIB 6iomapkepis y rpyni Al
y noegHaHHIi 3 oxupiHHam Ta U2

MokasHuku B-koedpilieHT BLU 95% [l p AUC
1 2 3 4 5 6
CysC
IVRT 0,11373 1,1204 1,0086-1,2447 0,0341
AopTa -11,25763 0,0000 0,0000-0,1327 0,0169
IMMJILLI 0,093469 1,0980 1,0123-1,1909 0,0241
KCP N 2,27369 9,7152 1,0550-89,4658 0,0447 0,951
nne 10,50603 36535,0206 | 11,1578-119629673,8755 0,0110 (0,787-0,995)
MMJILLI -0,087629 0,9161 0,8424-0,9962 0,0405
nn 10,93978 56374,8889 | 11,3015-281212525,5014 0,0118
nw -15,81550 0,0000 0,0000-0,0206 0,0094
X2 = 30,49; P = 0,0007
JlenTnH

XC nnBeLy, -4,03789 0,0176 0,0004-0,8367 0,0403
VA 0,50264 1,6531 1,0546-2,5911 0,0284 (o,7§é§%?9ee)
Bara -0,26444 0,7676 0,6139-0,9598 0,0204
X2 = 25,01; p = 0,0003
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3akiH4YeHHs1 Tabn. 4

1 2 3 4 5 6
B2-M

Bik 0,34725 1,4152 1,0626—1,8846 0,0175
HbA1c 1,72672 5,6222 1,2646-24,9955 00233 (0,7%5%’963)
LIK® 0,21136 1,2354 1,0405-1,4667 0,0158
X2 = 24,20; p = 0,0021

NT-proBNP
XC NnBLY, 21,64122 2,50E+009 56,1832—112E+015 0,0160
HbA1c -1,34387 0,2608 0,0828-0,8212 0,0216
3X -20,78290 0,0000 0,0000-0,0242 0,0170
IMMJILLI 0,081589 1,0850 1,0075-1,1684 0,0309 0,854
i -9,07604 0,0001 0,0000-0,6696 0,0403 (0,727-0,937)
XC NNAHLL 44,97870 34,2E+018 21364,7584-54,7E+033 0,0118
XC JMHLL, 21,35524 1,88E+009 51,5977-68,6E+015 0,0162
BTC N 36,07543 4,65E+015 1323,5016-16,3E+027 0,0144

X2 = 24,61; p = 0,0034

O6roBopeHHs

OTpuMaHi pe3yIbTaTi CBiquaTh Ipo Te, 1110 OCHOBHI 0i0-
mapkepu (CST, CTF-1, nentun, Cys C, NT-proBNP, 32-M)
MaroTh BUCOKY ITPOTHOCTUYHY LIIHHICTh Y MaIli€eHTiB 3 A" sik
B i30JIbOBAHOMY BapiaHTi, TaK i 3a HASIBHOCTiI MeTaOOJIiYHO1
KOMOpPOiTHOCTI. ¥ MmaiieHTiB 3 i301p0BaHO0 Al migBUIeH-
H$1 PiBHSI KaTECTaTUHY CYNPOBOKYBAJIOCS 3MEHILIEHHSIM
rineprpodii I (T3CJILI, IMMIILL), mosinmeHHsaIM mi-
acroJiiuHoi ¢yHkuii (3HukeHHs1 VE/VA) Ta 30i1bllIeHHSIM
VE, 1110 CBiTYUTH MPO CIPUSITIUBUIA IIPOrHO3 PEMOJIETIOBAH-
Hs1 miokappaa. Y rpyni AI' + oxupinHsg CST, NGAL i NT-
proBNP acoritoBanucs 3 mokazHukamu rineptpodii JILL,
mucimninemii i 3HkeHHsaM [ITK®, 1110 Bkasye Ha moeaHaHUI
BIUIMB TeMOJMHAMIYHOTO Ta META0OJIIYHOTO HABAHTAKEHHSI.

32-M xopemtosaB i3 VE, IMMIJIIILI2 i ceyoBuHOIO, ITim-
TBEPKYIOUU 3B’SI30K i3 pAaHHBOIO PeHATbHOI IUCHYHKIII-
€10. Y nauienTiB 3 AI' + LI/I2 BinzHaueHO 3HAUYyIIli 3B’SI3KU
CST 3 VE, VE/VA, LIK®, XC JITTHILI, ITII i MMJIII.
JlenTun 6yB acouiiioBanuii 3 TMIIIT, HbAlc, VE/VA i
VA, 10 MiOKpecIo€e oro pojb Y BYIJIEBOTHO-JIITITHOMY
nucobananci. Cys C npolieMOHCTpYBaB 3BOPOTHI 3B’3KU
3 MMUJIILI, migTBepmXyloun OTO peHaJbHY YyTJIUBICTD.
Haii6inpin HecnipusITIMBUIA TPOdiIb criocTepiraBest y rpyiri
AT + oxupinng + L2, y sxiit ninsuienHs: Cys C, nen-
tuHY, NT-proBNP i 32-M cynpoBokyBanocst 3MiHaMu
MOKA3HUKIB CUCTOJIO-iaCTOJIIYHOT (PYHKIIiT, rineprpodiero
JII, migumenum HbAlc, nuciimnigeMi€eio Ta 3HIDKEHHIM
¢yukiii Hupok. NT-proBNP y 1iif Koropri acoiitoBaBcs 3
BTCJIW, TT i XC JITTHLL.

JaHi mpoBeAeHOTO JOCIIIKEHHS 3aCBiI4YIOTh BUCOKWIA
MPOTHOCTUYHMI MOTEHIIiad MyJIbTHOIOMapKEPHOTO MiIXOLY
N0 OLiHKM (DYHKIIOHAJILHOTO CTaHY CepleBO-CYANHHOT
CUCTEMMU Ta peHaJbHOI (DYyHKILii y naiieHTiB 3 Al', ocobau-
BO y pasi MeTaboJiyHoi KoMopOigHoCTi. BcTaHoBIEHO, 1110
KOXEH i3 JoCiIKeHUX OioMapKepiB 1€MOHCTPYE CIELM-
(iYHMIA CIEKTp acoliallii i3 KIiHiKO-iHCTpyMeHTaTbHUMU
MOKa3HUKaMMU, BifoOpakarouM pi3Hi matodizioaoriyHi misi-
X1 — Bill HeliporymopajbHOI aKTUBallil 10 CTPYKTYPHOTO
peMOJIe/IIOBaHHS Ta MOPYILIeHb METabO0Ii3MY.

V rpyni 3 i3onboBaHoio Al' HANYYTIMBIIIUM MapKe-
POM IMO3UTUBHOTO PEMOMAETIOBAHHS MioKapJaa BUSBUB-
cst CST. Moro minBUILEHHS CYMPOBOIKYBAIOCS MOJIM-
meHHsAIM aiactoniuyHol ¢yHkiii JILI Ta 3MeHIIeHHIM
rinepTpodii, 1110 30ira€Thcsl 3 TaHUMU MPO MOro aHTU-
aIpeHepTiuyHy Oil0 Ta 3MAaTHICTH OO iHTiOyBaHHS CHM-
MaTU4YHOI aKTUBHOCTI Ta pemopetoBaHHs [8]. CTF-1
TaKOX BUSIBUB acolliallil 3 1ujiaTalli€o aOpTH, 1110 MOXKe
CBITYMTU TIPO y4yacTh y Mpoliecax BacKyJISIpPpHOTO PeMO-
nemoBaHHs [10].

VY nauienTiB 3 AI' + oxupinng nokazHuku CST ta
NGAL 3Hauyliie KopenoBaiu 3 MapKepaMu MeTaboJIiuHOTO
cuaapomy, Takumu 1K XC JITTHILL, TT, 3X, mo migTBep-
JIKY€E TXHIO YyTJIMBICTb 10 JinigHux posnanis. NGAL —
MapKep TyOyJIIpHOIO ypaxkeHHsSI — MaB TiCHUI 3B’sI30K 3i
3HKeHHsIM IMMUJIIL2, 110 y3romxyeThbest 3 oro poJLIio
SIK paHHbBOT'O iHIMKaTopa peHajabHoro crpecy [13]. V wiit
rpymi NT-proBNP Takoxk acoiitoBaBcs 3 mapaMeTpaMu
rnepeBaHTaxXeHHs TUCKOM, Takumu sk BTC JIII ta VA, 1110
MiATBEPAXKYE MOro 3HAYEHHSI SIK MapKepa ceplieBOro HaBaH-
TaXXEHHSI HaBiTh y CYOKJIIHIUHUX cTamisx [18].

V rpyni nanientiB 3 AI' + IIJI2 CST nemoHcTpyBaB
MyJIbTU(hAKTOPHI 3B’ 13KM 3 MapKepaMu ceplieBoi (VE/VA,
ITIL, MMUJIII) ta peHanbHOi pyHKii (ILIK®D, ceuoBuHa),
11O CBiTYUTD MTPO MOTO CUCTEMHY Y4aCTh Y MiATPUMIL MeTa-
OostiuHoro romeocrtasy. Kpim Toro, BUsSIBJIEHO, 1110 JENTUH
acowLiloeThes 3 IrikemiyHuM KoHTtposeMm (HbAlc), miacto-
JIIYHOIO TUC(YHKIIIEIO Ta CTPYKTYPHOIO TinmepTpodi€lo, 1o
BiIMoBigae JiTepaTypHUM JaHUM IIPO MOTO BILUIMB Ha iHCY-
JIIHOPE3UCTEHTHICTh, OKCUIATUBHUI CTPEC i CTUMYIISIIIIIO
CUMIIATOaAPeHaI0BOi aKTUBHOCTI [14].

Cys C 5K paHHill 6ioMapkep peHaJIbHOI TUCHYHKILIT
MPOSIBJISIB 3BOPOTHI acouialii 3 Mmacoto miokapaa JIL ta
VE y nanienTiB i3 LI/12, mo niaTBepaKye MOTro polib SIK
iHIMKAaTopa MiKpOCYIMHHOI Ta He(pporeHHOoi maToJiorii [9].
Horo niarHoCTMYHA LIHHICTb 1OAATKOBO IMiATBEpIKEHA
y rpymi AT’ + LJ12 + oxwupiHHs, y sikiii 3poctaHHst Cys C
OyJIo TOB’sI3aHe K 3 AiacTOJiYHOIO0 AUC(YHKIIIE€IO, TaK i
3 peMOJICJIIOBAaHHSIM ceplisl Ta 3MiHAMU B TUCKOBHUX Tapa-
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metpax. [Tokaznuku KCP JILI, IMMIJILII ta ITIT mo3Bo-
JISIIOTh TPAKTYBaTU MOTO SIK YyTJIMBUI MapKep ypakeHHs
OpraHiB-MillleHEeH.

VY uiii Hait6ib KoMopOinHii rpymi (A + L2 +
oxupinHs) NT-proBNP nemoHcTpyBaB HalImpiii aco-
wianii gax 3 ginigHuM npodinem (XC JITTHIL, TT), Tak i
3 remoaMHaMiyHuMuU napametpamu (BTC JII), o cBin-
YUTh MPO aKTUBALiI0 HEUPOTYMOPATbHOTO MEXaHi3My y
BIiIITOBiIb Ha TUCKOBE Ta 00’€MHE HaBaHTaxXeHHs. BapTo
3a3HayuTH, 10 KoHueHTpauis NT-proBNP 3anumanacs
KJIiHiYHO iH(OPMATUBHOIO HaBITh Ha TJi CYNyTHIX MeTa-
OOJIIYHUX MOPYIIEHbD, 110 MiATBEPIKYETHCS MONEPEaHIMU
JocimkeHHsaMu [17].

B2-M sk iHaAMKATOp iMyHHOI akTHUBaLii Ta GyHKIIiO-
HaJbHOTO CTaHYy HUPOK MaB BipOTimHi 3B’SI3KU SIK 3 pPiBHEM
HIK®, tak i 3 HbAlc Ta BikoM Mali€HTiB, 1110 T03BOJISIE
PO3TISIAAaTU MOTO SIK iHTeTpaJIbHUI MPEAUKTOpP peHalb-
HO-MeTaboaiyHoro pu3uky [12]. OcobauBo BaxKIMBO, 11O
BCi TOCJIIIKEHi MapKepy MPOSIBUIM He3aJIexkHy acolliallito
3 (hOpMyBaHHSIM CIIPUATIMBOTO a00 HECTIPUATIUBOTO (he-
HOTMITY HaBiTh 3a BiACYTHOCTI KJiHiYHO SIBHOI OpraHHOI1
IUCYHKIIII.

Y3arajabHO0OUYM OTPUMAaHI JaHi, CJIiJ HaroJOCUTH, 11O
pe3yabTaTH NOCTIKEHHS He JIUIIIE MiATBePIKYIOTh 3HAUY-
1icTh 6ioMapkepHoro npodino y crpatudikallii pusuKy,
ajie i1 BiZKpuBalOTh HOBi MEPCIEKTUBU IJIs1 IOr0 BUKOPU-
CTaHHS K iIHCTPYMEHTY TMHAMIYHOTO MOHITOPUHTY TepalTii.
Hasasnictb 38’s3kiB Mixk CST, CTF-1, Cys C, 2-M, NT-
proBNP, nentunHoMm Ta CTpyKTypHO-(DYHKIIOHATEHUMU
3MiHaMU B CepIli Ta HUPKaX /A€ MiICTaBU IS TOJATBIIIOTO
PO3BUTKY MYJIbTU(HAKTOPHUX MOJIEJIEl MPOTHO3YBaHHSI Me-
pebiry AI' y KoOHTeKCTi MeTabo1iuHOT KOMOPOiTHOCTI.

Takum yrHOM, piBHi DOCTimXKeHUX 6ioMapKepiB Bimo-
OpaxarmTh CTYIIiHb CTPYKTYpHO-(DYHKIIIOHAJIBHUX 3MiH
ceplsl Ta HUPOK i MOXYTh OYTHM BUKOPUCTaHI SIK MPEIuK-
TOPY KapIioBacKyJISIPHOTO PU3UKY, OCOOJIMBO B YMOBax
MeTaboIiYHOI KOMOPOIAHOCTI, 110 TAKOX Y3TOIXKYETHCS 3
JaHUMU iHWMX gocainHukis [19, 20]. Ix kniniyne 3acTocy-
BaHHSI JIO3BOJIUTH YIOCKOHAIUTH CTpaTU(diKallito pusuKky
Ta iHAMBiLYyaJli3yBaTH IiIXi 10 BeAeHHs nalieHTiB 3 Al

BucHoBKMU

IlinBuIiieHHS piBHIB KaTeCTaTUHY, KapaioTpodiny-1
Ta N-KiHIIEBOTO TIPOTENTUIY HATPilypeTUYHOTO TOPMOHY
B-tuny y nauieHTiB 3 apTepiaJibHOIO TillepTEeH3i€I0 acolli-
IOETHCST 3 MapKepaMU 3BOPOTHOTO PEMOJIETIOBAHHSI Ceplst
Ta MOJIIILIEHHSIM AiacTOMiYHOI (PYHKIIT, 11O CBIMYUTH TIPO
IXHIO POJIb SIK MOTeHIIMHUX NPEIUKTOPIiB e(DEKTUBHOCTI
AHTUTINEePTEH3MBHOI TepaItii.

I1pu moeaHaHHI apTepianbHOI TilepTeH3ii 3 OXKUPIHHSIM
Ta/abo IyKPOBUM JiabeTOM 2-ro TUITY Bil3HAYeHO 3HAUHE
HinBuUILeHH JenTuHy, uuctatuHy C i 32-MiKporjaooymiHy,
1110 TiCHO KOPEJIIOIOTh i3 TOPYIIEHHSIMU BYTJIEBOIHO-JIiITi -
HOTO 00MiHY, 3HVXKEHHSIM (DYHKIIiT HUPOK Ta MTOCUJICHHSIM
rirepTpoii IiBOro IUIyHOUKA.

KoMruiekcHa olliHka 6ioMapKepiB J03BOJISIE HA PAaHHIX
eTanax BUSIBJISITU CYOKJIiHIYHI OpraHHi ypaXKeHHsI, CTpaTh-
¢ikyBaTh pU3UKH Ta IHAUBILyaTi3yBaTH TiAXi 10 BEIEHHS
MAali€HTIB 3 apTepiaJIbHOIO TiMePTEeH3i€I0 Y KOHTEKCTi MeTa-
00 IiYHOI KOMOPOiMHOCTI.

KonduikT inTepeciB. ABTOp 3asiBJjIsIE MPO BiICYTHICTh
KOHMIIIKTY iHTEpeciB Ta Bl1acHOI (piHaHCOBOI 3alliKaBlIeHO-
CTi IIpY MiATOTOBII JAHOI CTATTI.

Cnuncok Aiteparypu

1. Bays HE, Kirkpatrick CF, Maki KC, Toth PP, Morgan RT,
Tondt J, Christensen SM, Dixon DL, Jacobson TA. Obesity, dyslipi-
demia, and cardiovascular disease: A joint expert review from the Obe-
sity Medicine Association and the National Lipid Association 2024.
J Clin Lipidol. 2024 May-Jun;18(3):e320-e350. doi: 10.1016/j.
Jjacl.2024.04.001.

2. Einarson TR, Acs A, Ludwig C, Panton UH. Economic Burd
of Cardiovascular Disease in Type 2 Diabetes: A Systematic Review.
Value Health. 2018 Jul;21(7):881-890. doi: 10.10jval.2017.12.019.

3. Koval SM, Yushko KO, Snihurska 10, Starchenko TG,
Pankiv VI, Lytvynova OM, Mysnychenko OV. Relations of angioten-
sin-(1-7) with hemodynamic and cardiac structural and functional
parameters in patients with hypertension and type 2 diabetes. Arterial
Hypertension. 2019;23(3):183-189. doi: 10.5603/AH.a2019.0012.

4. Serhiyenko V, Sehin V, Pankiv V, Serhiyenko A. Post-traumatic
stress disorder, dyssomnias, and metabolic syndrome. International
Journal of Endocrinology (Ukraine). 2024;20(1):58-67. https://doi.
org/10.22141/2224-0721.20.1.2024. 1359.

5. Davies MJ, Aroda VR, Collins BS, Gabbay RA, Green J,
Maruthur NM, Rosas SE, et al. Management of Hyperglycemia in
Type 2 Diabetes, 2022. A Consensus Report by the American Diabetes
Association (ADA) and the European Association for the Study of Di-
abetes (EASD). Diabetes Care. 2022 Nov 1;45(11):2753-2786. doi:
10.2337/dci22-0034. PMID: 36148880; PMCID: PMC10008140.

6. Lauder L, Mahfoud F, Azizi M, Bhatt DL, Ewen S, Kario K,
Parati G, et al. Hypertension management in patients with cardiovas-
cular comorbidities. Eur Heart J. 2023 Jun 20;44(23):2066-2077. doi:
10.1093/eurhearti/ehac395. PMID: 36342266.

7. Teck J. Diabetes-Associated Comorbidities. Prim Care. 2022
Jun;49(2):275-286. doi: 10.1016/j.pop.2021.11.004. Epub 2022 Apr
22. PMID: 35595482.

8. Bozic J, Kumric M, Ticinovic Kurir T, Urlic H, Martinovic D,
Vilovic M, Tomasovic Mrcela N, Borovac JA. Catestatin as a Biomar-
ker of Cardiovascular Diseases: A Clinical Perspective. Biomedicines.
2021 Nov 25;9(12):1757. doi: 10.3390/biomedicines9121757. PMID:
34944578; PMCID: PMC8698910.

9. Dejenie TA, Abebe EC, Mengstie MA, Seid MA, Gebeyehu NA,
Adella GA, Kassie GA, et al. Dyslipidemia and serum cystatin C levels as
biomarker of diabetic nephropathy in patients with type 2 diabetes melli-
tus. Front Endocrinol (Lausanne). 2023 Apr 4;14:1124367. doi: 10.3389/
fendo.2023.1124367. PMID: 37082121; PMCID: PMC10112538.

10. Hogas S, Bilha SC, Branisteanu D, Hogas M, Gaipov A, Kan-
bay M, Covic A. Potential novel biomarkers of cardiovascular dysfunc-
tion and disease: cardiotrophin- 1, adipokines and galectin-3. Arch Med
Sci. 2017 Jun; 13(4):897-913. doi: 10.5114/aoms.2016.58664. Epub
2016 Mar 22. PMID: 28721158; PMCID: PMC5507105.

11. Polat U, Aydinlar A, Caliskan S, Boyuk F, Unal O. The cor-
relation between cardiac enzymes and cardiotrophin- 1 levels in patients
with acute coronary syndrome. Int J Cardiovasc Sci. 2021 Jun 17;34(5
Suppl 1):12-21. doi: https://doi.org/10.36660/ijcs.20210010.

12. Shi F, Sun L, Kaptoge S. Association of beta-2-microglo-
bulin and cardiovascular events and mortality: A systematic review
and meta-analysis. Atherosclerosis. 2021 Mar 1;320:70-78. doi:
https://doi.org/10.1016/].atherosclerosis.2021.01.018.

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

Tom 21, N2 4, 2025



[ d

OpuriHaAbHI AoocAipXeHHs / Original Researches

13. Romejko K, Markowska M, Niemczyk S. The Review
of Current Knowledge on Neutrophil Gelatinase-Associated Li-
pocalin (NGAL). International Journal of Molecular Sciences.
2023;24(13):10470. doi: https://doi.org/10.3390/ijms241310470.

14. Poetsch MS, Strano A, Guan K. Role of leptin in cardiovascu-
lar diseases. Front Endocrinol (Lausanne). 2020 Jun 16,11:354. doi:
https.//doi.org/10.3389/fendo.2020.00354.

15. Chi K, Liu J, Li X, Wang H, Li Y, Liu Q, Zhou Y, Ge Y.
Biomarkers of heart failure: advances in omics studies. Mol Omics.
2024 Mar 25;20(3):169-183. doi: https://doi.org/10.1039/
d3mo00173c.

16. Han X, Zhang S, Chen Z, Adhikari BK, Zhang Y, Zhang J,
Sun J, Wang Y. Cardiac biomarkers of heart failure in chro-
nic kidney disease. Clinica Chimica Acta. 2020;510:298-310. doi:
https.//doi.org/10.1016/j.cca.2020.07.040.

17. Castiglione V, Aimo A, Vergaro G, Saccaro L, Passi-
no C, Emdin M. Biomarkers for the diagnosis and management

Information about author

of heart failure. Heart Fail Rev. 2022 Mar;27(2):625-643. doi:
https.//doi.org/10.1007/s10741-021-10105-w.

18. Cao Z, Jia Y, Zhu B. BNP and NT-proBNP as Diagnos-
tic Biomarkers for Cardiac Dysfunction in Both Clinical and Fo-
rensic Medicine. Int J Mol Sci. 2019 Apr 12;20(8):1820. doi:
https.//doi.org/10.3390/ijms20081820.

19. lanos RD, Cozma A, Lucaciu RL, Hangan AC, Negrean V,
Mercea DC, Ciulei G, Pop C, Procopciuc LM. Role of Circulating
Biomarkers in Diabetic Cardiomyopathy. Biomedicines. 2024;12(9).
doi: https://doi.org/10.3390/biomedicines 12092153.

20. Pankiv V, Yuzvenko T, Mykhalchyshyn G. Relationships be-
tween diabetes distress and biomarkers in people with type 1 diabetes mel-
litus. International Journal of Endocrinology (Ukraine). 2025;20(8):639-
642. https://doi.org/10.22141/2224-0721.20.8.2024.1472.

Orpumaro/Received 28.03.2025
PeveH3oBaHo/Revised 21.05.2025
MpusiHsiTo fo apyky/Accepted 29.05.2025 M

Inna P. Dunaieva, PhD in Medicine, Associate Professor, Department of Clinical Pharmacology and Internal Medicine, Kharkiv National Medical University, Kharkiv, Ukraine; e-mail:
innadunaieva@gmail.com, ip.dunaieva@knmu.edu.ua; phone: +380 (97) 254-02-13; https://orcid.org/0000-0003-3061-3230

Conflicts of interests. Author declares the absence of any conflicts of interests and own financial interest that might be construed to influence the results or interpretation of the manuscript.

I.P. Dunaieva
Kharkiv National Medical University, Kharkiv, Ukraine

Predictors of biomarker changes in the pathogenesis of cardiometabolic phenotypes
in combined arterial hypertension, type 2 diabetes mellitus, and obesity

Abstract. Background. Despite the accumulation of data on the
diagnostic value of individual biomarkers, there is a lack of studies
that integrate multivariate analysis of changes in their levels with
clinical assessment of treatment in patients with combined hyper-
tension, type 2 diabetes, and obesity. In particular, little is known
about predictors of changes in these markers under the influence
of combination pharmacotherapy and about their interaction with
hemodynamic, metabolic, and renal parameters. The aim of the
study was to assess the prognostic role of changes in the levels of
biomarkers catestatin, cardiotrophin-1, $2-microglobulin, cystatin
C, neutrophil gelatinase-associated lipocalin, N-terminal pro-
hormone of brain natriuretic peptide (NT-proBNP), leptin and
insulin in the formation of a favorable cardiometabolic phenotype
in patients with hypertension, type 2 diabetes and obesity, as well
as to identify clinical and functional predictors of their dynamics
against the background of targeted pharmacotherapy. Materials
and methods. A total of 250 patients were included and classified
into four clinical groups based on the combination of comorbidi-

ties. The study evaluated the levels of catestatin, cardiotrophin-1,
B2-microglobulin, cystatin C, neutrophil gelatinase-associated
lipocalin, NT-proBNP, leptin, and insulin. Results. The analysis
showed that changes in these biomarkers are closely related to
structural and functional parameters of the heart and kidneys,
carbohydrate and lipid metabolism, body mass index, glycemic
control, and also depend on the treatment. Catestatin, cardiotro-
phin-1, cystatin C, NT-proBNP, (32-microglobulin, and leptin
demonstrated the highest predictive value. The results indicate
they may serve as predictors of myocardial remodeling, diastolic
dysfunction, renal impairment, hypertrophy, and dyslipidemia.
Conclusions. The study emphasizes the feasibility of integrating
biomarker monitoring into routine practice for risk stratification
and personalization of therapeutic approach in patients with hy-
pertension, especially in metabolic comorbidity.

Keywords: hypertension; type 2 diabetes mellitus; obesity; bio-
markers; catestatin; cardiotrophin-1; cystatin C; 32-microglobulin;
NT-proBNP; leptin; predictors; myocardial remodeling
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Therapeutic potential of thioctic (alpha-lipoic) acid
in patients with diabetes mellitus type 2
and metabolic associated fatty liver disease

Abstract. Background. Diabetes mellitus type 2 (T2DM) and metabolic associated fatty liver disease (MAFLD) are
common metabolic diseases that are often accompanied by obesity, dyslipidemia and hypertension. An integrated
approach to the treatment of these conditions is a challenge for modern medicine, which requires the development of
effective and safe therapeutic strategies. The purpose was to study the effectiveness of thioctic (alpha-lipoic) acid at
a dose of 600 mg/day in patients with type 2 diabetes mellitus and metabolic associated fatty liver disease against the
background of comorbid metabolic disorders. Materials and methods. The study included 112 patients with T2DM
and MAFLD aged 40 to 65 years who received thioctic (alpha-lipoic) acid at a dose of 600 mg/day for 12 weeks as
part of comprehensive therapy. Glycemic control indicators (glycated hemoglobin level, fasting plasma glucose), liver
function (transaminase level), lipid profile (total cholesterol level, triglycerides, low density lipoproteins), as well as
inflammatory markers (C-reactive protein, interleukin-6) were evaluated. Results. The pronounced effectiveness of
thioctic (alpha-lipoic) acid as part of comprehensive therapy was demonstrated: 86 % of patients showed a significant
improvement in glycemic control, 78 % — normalization of functional liver indicators, 72 % — a decrease in the level
of inflammatory markers. In addition, patients experienced an improvement in the quality of life and general well-
being, a decrease in fatigue symptoms. Thioctic acid also showed a high safety profile: adverse events were minor
and transient. Conclusions. Thioctic (alpha-lipoic) acid is a promising therapeutic agent that provides a simultaneous
effect on key links in the pathogenesis of metabolic diseases. Its use in patients with comorbid conditions allows for
improvement of clinical and laboratory indicators, which confirms its important role in modern clinical practice.
Keywords: thioctic (alpha-lipoic) acid; type 2 diabetes mellitus; metabolic associated fatty liver disease; glycemic
control; lipid profile; inflammatory markers; integrated approach

Introduction

Diabetes mellitus type 2 (T2DM) and metabolic associ-
ated fatty liver disease (MAFLD) are among the most preva-
lent metabolic disorders, closely linked pathophysiologically
and mutually exacerbating their negative impacts on the body
[1, 2]. The increasing prevalence of DM type 2 is associated
with the global obesity epidemic, sedentary lifestyles, and
other factors characteristic of modern society [3]. MAFLD
is often concomitant with DM type 2, forming the so-called
metabolic syndrome, which also includes dyslipidemia, arte-
rial hypertension (AH), and other comorbid conditions [4].

The coexistence of DM type 2 and MAFLD significantly
increases the risk of cardiovascular complications, progres-
sion of liver damage to cirrhosis or hepatocellular carcinoma,

and impairs patients’ quality of life [5]. This necessitates the
development of new therapeutic approaches aimed not only
at glycemic control but also at correcting liver pathology,
reducing inflammation and optimizing the metabolic profile
[6, 7].

Conventional treatments for T2DM and MAFLD in-
clude lifestyle modifications, dietary adjustments, and
pharmacological agents such as metformin, sodium-glucose
cotransporter-2 inhibitors (SGLT2i), and glucagon-like pep-
tide-1 receptor agonists (GLP-1 RAs). However, even with
comprehensive treatment, a significant proportion of patients
experience unsatisfactory outcomes, necessitating the search
for new, effective agents with multifactorial mechanisms of
action.
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Thioctic (alpha-lipoic) acid was first isolated in the 1950s
from liver cells [8] and was given the nomenclature “vita-
min N” [9]. It is a biologically derived vitamin-like substance
and functions as a coenzyme in the pyruvate dehydroge-
nase complex, present in all human cells. Since its discovery,
thioctic acid has been extensively studied and widely applied.
Numerous researchers have reported its beneficial effects
in obesity, DM type 2, and diabetic polyneuropathy [10].
It is available in both parenteral and oral forms. In several
developed countries, the oral form is available as a dietary
supplement, enabling patients with chronic diseases or at risk
to freely use thioctic acid preventively [11].

In this context, thioctic acid emerges as a reliable the-
rapeutic agent capable of targeting key pathogenic mech-
anisms of T2DM and MAFLD. It exhibits strong antioxi-
dant, anti-inflammatory, and metabolic effects, promotes
liver function normalization, improves insulin sensitivity,
and reduces levels of inflammatory markers [12]. Its mecha-
nism of action includes stimulation of intracellular signa-
ling pathways regulating redox processes and activation of
factors that inhibit hepatocyte apoptosis and reduce lipid
accumulation in the liver [13]. Furthermore, it improves
tissue insulin sensitivity, which is essential for effective dia-
betes control [14].

The purpose of the study to evaluate the effectiveness
of thioctic (alpha-lipoic) acid at a dose of 600 mg/day in
patients with type 2 diabetes and metabolic associated fatty
liver disease in the context of comorbid metabolic disorders.

Materials and methods

The study included 112 patients with T2DM, MAFLD,
and related metabolic disorders, aged between 40 and 65
years. Patients received 600 mg/day of thioctic acid for 12
weeks as part of a comprehensive treatment plan.

The following parameters were assessed: glycemic control
(HbAlc, fasting plasma glucose), liver function (ALT, AST,
gamma-glutamyltransferase), lipid profile (total cholesterol,
triglycerides, LDL cholesterol), and inflammatory markers
(C-reactive protein (CRP), interleukin-6 (IL-6)).

Statistical analysis was conducted using Statistica 12.0
(StatSoft, Inc.). Spearman’s correlation was used to explore
relationships between parameters. Student’s t-test was ap-
plied for group comparisons. Mean values are presented as
M =+ m. Differences were considered statistically significant
at p <0.05.

Results

A total of 112 patients with T2DM, MAFLD, and meta-
bolic comorbidities were examined.

The study demonstrated that a 600 mg dose of thioctic
acid over 12 weeks significantly improved glycemic control
in T2DM patients. HbAlc levels decreased by an average of
1.5 %, and fasting glucose levels dropped by 24 %, helping
patients avoid wide glucose fluctuations. Importantly, thioc-
tic acid also enhanced insulin sensitivity — an essential factor
in diabetes management.

A critical aspect of MAFLD management is liver en-
zyme regulation, as elevated levels indicate inflammation
and hepatocellular damage. Significant reductions in ALT
and AST were observed: ALT decreased by 25 % after four

weeks and by 40 % after 12 weeks, indicating a notable
hepatoprotective effect.

Ultrasound data confirmed reduced hepatic steatosis in
73 % of patients, indicating substantial improvement in fatty
liver infiltration.

Thioctic acid also markedly influenced patients’ lipid
profiles. LDL cholesterol dropped by 28 %, triglycerides by
33 %, and HDL cholesterol increased by 18 %.

CRP levels fell by 41 % and 1L-6 by 36 %, highlighting
thioctic acid’s role in reducing systemic inflammation, es-
sential for improving overall health and minimizing com-
plications.

According to SF-36 questionnaire results, patients re-
ported improved energy levels, increased activity, and re-
duced fatigue. General well-being improved by 30 %, with
reductions in stress and anxiety and enhanced emotional
stability.

Discussion

We investigated the effectiveness of 600 mg/day of thioc-
tic (alpha-lipoic) acid in T2DM and MAFLD patients with
concurrent metabolic disorders. Such studies are critical
for expanding therapeutic options in clinical practice and
developing new treatment strategies for metabolic diseases.

The results reflect the clinical use of thioctic acid based
on biochemical, liver function, and quality of life indicators.
These findings demonstrate its potential as an effective agent
in the comprehensive treatment of metabolic disorders, rein-
forcing its role in modern medicine.

T2DM is a widespread metabolic disorder that requires
comprehensive treatment to achieve adequate glycemic
control. It is frequently accompanied by insulin resistance,
complicating glucose level management. A major challenge
for patients is the need for constant therapy adjustment [15].
Thioctic acid activates signaling molecules that reduce in-
sulin resistance and improve glucose uptake by tissues [16],
which is particularly valuable for patients with combined car-
bohydrate metabolism disorders and insulin resistance [17].

MAFLD commonly coexists with T2DM, worsening
patient prognosis. ALT and AST reductions indicate the an-
ti-inflammatory and liver-supportive effects of thioctic acid.

Patients with T2DM and MAFLD often suffer from lipid
metabolism disorders — elevated LDL cholesterol and tri-
glycerides — which increase cardiovascular disease risk. Ad-
dressing these abnormalities is vital, as lowering lipids helps
prevent atherosclerosis and cardiovascular complications
[17]. Thioctic acid significantly improved lipid profiles: LDL
cholesterol decreased by 28 %, triglycerides by 33 %, and
HDL cholesterol increased by 18 %, reducing cardiovascular
risk and improving overall metabolic health.

Inflammation plays a key role in the pathogenesis of both
MAFLD and DM type 2 and is a known cardiovascular risk
factor. Thioctic acid has pronounced anti-inflammatory
properties, reducing major inflammatory markers like CRP
and IL-6.

Significant clinical improvements not only lower com-
plication risks but also enhance patient quality of life. SF-36
responses revealed improved energy, activity, and reduced
fatigue. General well-being improved by 30 %, with lowered
stress, anxiety, and better emotional health.
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Conclusions

The study confirmed the high therapeutic potential of
thioctic acid in patients with T2DM, MAFLD, and associa-
ted metabolic disorders. Over 12 weeks, there were notable im-
provements in clinical and laboratory parameters, supporting
its effectiveness as a component of comprehensive treatment.

Thioctic acid substantially improved glycemic control
in T2DM patients, reducing HbAlc by 1.5 % and fasting
glucose by 24 %.

It showed a pronounced hepatoprotective effect, with
a 40 % reduction in ALT and AST, indicating decreased
inflammation and improved liver function.

It also positively affected lipid profiles: LDL cholesterol
dropped by 28 %, triglycerides by 33 %, and HDL cholesterol
rose by 18 %. Additionally, it exhibited strong anti-inflam-
matory effects, reducing CRP by 41 % and IL-6 by 36 %.

Patients receiving thioctic acid also reported improved
quality of life.

Given these outcomes, thioctic acid can be considered a
reliable, predictable, and promising therapeutic agent for the
comprehensive treatment of patients with T2DM, MAFLD,
and comorbid metabolic disorders. Its multifaceted mecha-
nism of action contributes to effective glycemic control,
improved liver function, optimized lipid profile, reduced
inflammation, and enhanced patient quality of life.
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Mapuyyk KO.®., BiBCsIHHMK B.B., AAekceEBQ I.I., AHAPIYyK A.P.

BYKOBUHCBKNA AEPIKQABHUM MEANYHUN YHIBEPCUTET, M. YepHiBLyj, YKpaiHO

TepaneBTUYHMIN NOTEHLIAA TIOKTOBOI (AAbA-AINOEBOT) KUCAOTHU
B NALLIEHTIB i3 LYKPOBUM Aia6eToM 2-ro Tuny
TO METAGOAIYHO ACOLIMOBAHOIO XXMPOBOIO XBOPOGOIO NeYviHKu

Pe3tome. Axmyaavnicms. Uykposuii niadet 2-ro tumy (LII2) i
MeTaboJIiuHO acolilioBaHa kupoBa xBopoba rnevinku (MAXKXIT)
€ TIOLIMPEHUMHU METAOOTIYHMMU 3aXBOPIOBAHHSIMU, SIKi 4acToO
CYIPOBOJIXKYIOTBCSI OKUPIHHIM, TUCIIIIIEMIEIO Ta apTepiabHOIO
rirepreH3ieio. KoMIUIEKCHUI MiaxXia J0 JiKyBaHHS LIUX CTaHIB €
BUKJMKOM CY4aCHOI MEAMIIMHMU, 1110 MOTpeOy€e po3poOKU edek-
TUBHMX i O€3MeYHUX TepaleBTUUHUX CcTpaTeriil. Mema: BUBYU-
TH e(peKTUBHICTb TIOKTOBOI (aJibha-J1inoeBoi) KUCIOTU B 103i
600 Mr/no0y B IMaLi€HTIB i3 IyKPOBUM J1iabeTOM 2-TO TUITY i Me-
TabOJIIYHO aCOLiiOBaHOIO XXMPOBOIO XBOPOOOIO MEUiHKM Ha TJi
KOMOPOITHUX MeTabOIIYHUX TTOpYIlIeHb. Mamepiaiu ma menoou.
JocnimkeHHst oxornmoBaio 112 oci6 BikoM Bix 40 no 65 pokiB i3
112 Ta MAXKXII, s1Ki oTpuMyBain TiOKTOBY (aibda-JIinoeBy)
KUCIOTY B 103i 600 Mr/mo0y npoTsirom 12 TVXKHIB Y CKJIa/li KOMIT-
JIeKCHOI Teparii. OLiHIOBaIN MOKAa3HUKHU MIIKEMiYHOTO KOHTPO-
Jo (piBeHb IITiIKOBAHOTO TeMOTJIO0IHY, TJTI0KO3! TUIa3MU HaTIIE),
(YHKIIIOHAJTBHUN CTaH IMEeYiHKU (BMIiCT TpaHcaMiHa3), JIITiTHWI
npodinb (piBeHb 3araJbHOIO XOJECTePUHY, TPUTILIEPUIiB, JTi-
MOIPOTEiHIB HU3bKOI IIITBHOCTI), @ TAKOX MapKepu 3amnajeHHs

(C-peakTuBHUI GiOK, iHTEPJIEHKiH-6). Pezyabmamu. ITponeMoH-
CTpOBaHa BUpaxeHa e(eKTUBHICTh TIOKTOBOI (ajbha-JinmoeBoi)
KUCJIOTH B CKJTajli KOMIUIEKCHOI Tepariii: y 86 % malieHTiB 3Ha4HO
TMTOJTITIIMBCS TIIKEMIYHUI KOHTPOJIb, y 78 % — HOpMati3yBaucst
(byHKIIOHAIbHI IEYiHKOBI TOKA3HUKY, y 72 % — 3HU3UBCS PiBEHb
MapKepiB 3anajieHHs1. Kpim Toro, crioctepirajgocst mosimnineHHs
SIKOCTi KUTTSI, 3araJIbHOTO CAaMOITOYYTTsl, 3SMEHILIEHHSI CUMITTOMiB
BroMmU. [IpemapaT TakoX XapakTepu3yBaBCsI BUCOKUM MpodireM
Oe3mneKu: HebaxKaHi IBUIa Oy He3HAYHUMU 1 TPAH3UTOPHUMH.
Bucnoexu. TiokToBa (anbda-1inoeBa) KUCJI0Ta € MEPCIIEKTUBHUM
TEeparneBTUYHUM 3aCO000M, SIKMI 3a0e3revye oJJHOYACHUI BIUIUB
Ha KJTIOYOBI JIJAHKH TTATOTeHe3y MeTaboTiTHIX 3aXBOPIoBaHb. Moro
3aCTOCYBaHHsI B TMAILIiEHTIB i3 KOMOPOITHUMHM CTAaHAMM JTO3BOJISIE
MOJIIIINUTY KJIiHIYHI i1 JaGopaTOpHi MOKAa3HUKM, 1110 MiATBEPIXKYE
BaXJIMBY POJIb IIperapaTty B Cy4acHiil KJIiHiuHiliA paKTHUILi.
KiouoBi ciioBa: tiokrosa (abba-inoesa) KMCIOTa; IyKPOBUI
nmiabeT 2-To THUITY; MeTabOoIiYHO acollifioBaHa XXMpPOBa XBOpoOa
MEeYiHKU; TIiKeMIYHU KOHTPOJIb; JiMiAHUN Mpodiib; MapKepu
3aMajieHHs ; iHTerpoBaHMI TiAXiT
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bowviko B.B."2, Kpiuak B.B." 3, CoyHesa A.N."3, TkayeHko B.B." 3
T AY «IHCTUTYT 3QranbHOI TQ HEBIAKAQAHOI Xipyprii imeHi B.T. S3aviuesa HAMH Ykpainum», m. Xapkis, YkpaiHa
2 XapKiBCbK HQLIOHQALHU MEAVYHUA YHIBEpCUTET, M. XapKiB, YKpQIHO
3 HaBYQABHO-HQYKOBUA MEANYHN IHCTUTYT, HALIIOHQABH TEXHIYHNM YHIBEPCUTET
«XQPKIBCHKMVI MOAITEXHIYHWM IHCTUTYT», M. XQPKIB, YKpQIiHO

PecnipaTtopHa NiATPMMKA Npu XipyprivyHomMy
AIKYBOHHI pyoLeBMUxX CTeHO3iB Tpaxei
HQA TAi TUPEOITAHOT NATOAOTII

Pe3stome. AkryanbHictb. OcTaHHIM 4acoM XipypridHi BTDYHYaHHS Ha rpyaHIVE KIITLI Ta AUXaNbHUX LLTSIXaxX Bia3Haqmm-
€51 3Ha4YHVIM MPOrpecoMm. Yee binbLue B NPakTVKy BXOASTb HOBI CIIOCOOM MPOBEAEHHS CKIIaaHNX PE3EKLiVi Ta PEKOHCTPYK-
Yivi auxarbHuX LUAsXiB. PO3BMBAETLCS pereHepaTuBHa MeauuynHa — Bifj BUKOPUCTAaHHS TPYINHUX TpaHCraHTaTis 40
cyHacHUX 6IOCUHTETUYHUX UXaSIbHUX LUMSXIB. Y 3B'A3KY 3 UMM HEOOXIOHI 3HaHHSI Ta BMIHHSI LLJOLO BUKOPUCTAHHS PI3HNX
crieyiasnibHuX pecnipatopHnx MeToauk. MeTta: BuB4UT METOAM PecriipaTopHOI MIATPUMKW y Xipyprii Tpaxei 3 no3uL|ivi
be3reku nawieHTa, Xipypri4Horo KoMgopTy ¥ iHTpaornepawiviHoi B3aemogii xipypra ta aHectesionora. Matepianu ta
meTtoau. [Jjo gocnimkeHHsi 6yno Bkito4eHo 130 navieHTiB 3i CTEHO3Y0HMMIM 3aXBOPHOBAHHSIMM Tpaxei Ta rofioBHUX 6pOoH-
XiB Ha T71i natonorii LyutonogiéHoi 3anoau (LL3), npoonepoBaHunx y KiiHili IHCTUTYTY 3 2017 POKY i3 3aCTOCYBaHHAM
OTOKOBOI arnHOETYHOI OKCureHauii Ha eTanax pe3ekuii Ta PeKOHCTPYKUIT anxanbHux wrsxis. CepeHiv Bik nalieHTiB
craHoBuB 39 + 12 PoKiB, Qhisn4HW cTaTyc 3a knacugikaliero AMEPUKaHCbKOIro ToBapyCcTBa aHecTesionoris Bigrnosigas
I-Il knacam. lNoTokoBa anHoOeTUYHa OKCUIreHalisi 3aCTOCOBYBasiacsl Ha OCHOBHUX eTanax LMPKYJIapHOI pe3ekuii Tpaxei
3 aHacToMO30M, TPaxeornaacTUK1 3 BCTAHOBIIEHHAM T-rogibHOI TpyOKW, pO3 €4HaHHS TpaxeocTpaBoXigHOI HopuLi
3 UMPKYIISIPHOK Pe3eKLiero Tpaxei, ABOPIBHEBOI UMPKYSAPHOI pe3eKuii Tpaxei, iHLLUMX TpaxeornnacTm4Hux onepawjiy.
Pe3synbratu. [lepesaramu roToOKOBOI alHOETUHYHOI OKeureHawii LLO[O0 XipypriYHOro KOMgopTy 6Yrin: 3HEPYXOMITEHHS
JIereHb 1a AuxasibHuX LUIsXIB, BiACY THICTb PO3MNIIEHHS TPaxXeobpOHXIaslbHOrO CEKPETY Ta KPOBi 3 ornepayiviHoi paHn T1a
rpoginakTvka yCcknaaHeHb, Nos’a3aHnX 3 MOPYLUEHHSM MPOXIGHOCTI ANXabHUX LUISXIB, My XipypriYHuX MaHinysisyisx,
SIKi MOXYTb YCKII8AHUTUCS 6apOTPaBMOro fiereHi. PecriipaTopHe 3abearedeHHs1 orepauivi pe3ekuii Ta pekoHCTpyKLii au-
XaslbHUX LLSISIXIB Y NAUIEHTIB i3 3axBoproBaHHsIMU LL|3 Moxe 6y Ty BUKOHaHe i3 3aCTOCYBaHHsIM MOTOKOBOI arHOEeTUYHOI
okcureradii. BUCHoBkm. MeTtoavika noToKoBoi arnHOETUHHOI OKCUreHaLlii JO3BOSISIE YHUKHYTU CEPUMIO3HNX YCKITaHEHb,
10B’sI3aHVX I3 pecripaTopHM 3abe3rne4eHHsIM, B/IaCTUBMX IHLLIMM MeToamkaMm. Bubip TexHororii Bu3Ha4aeTbcs piBHeM
Ta BUAOM YpaxKeHHs1, CTYrNeHeM CTEHO3Y Ta MPOTSKHICTIO YpaXKeHOI QiNIsiHK1, 0COBJIMBOCTSIMM XipypriHHOro rnigxoay.
Knto4oBi cnoBa: creHosyro4i 3axBoproBaHHsi Tpaxel; 3axXBOpIoOBaHHS LLMTOMNOLIOHOI 3a5103u; pe3eKLii Ta PeKoH-
CTPYKUIT AnXxanbHUX LUSAXIB, pecnipatopHe 3abe3ne4eHHs1

Bctyn

OcTaHHIM YacoM XipypriuHi BTpydyaHHSI Ha IpYAHii
KJTITII Ta AUXaJTbHUX 1UISIXaX 3a3HaJIM 3HAYHOTO Mporpe-
cy [1]. Bce Ginbiiie B MpakTUKY BXOASTh HOBi CITOCOOU MPO-
BEJEHHS CKJIQJIHUX Pe3eKIliil Ta peKOHCTPYKIIill MTUXaTbHUX
msixiB [1, 2]. Po3BUBa€eThCSI pereHepaTuBHA MEIUIIMHA —
BiJl BAKOPUCTaHHS TPYIMHUX TPAHCIUIAHTATIB 10 Cy4YaCHUX
O0IOCHMHTETMYHMX OUXAJIbHUX NUIIXIB [2]. ¥V 3B 3Ky 3 LIUM

HeoOXimHi 3HAHHS Ta BMiHHS IIIOA0 BUKOPUCTAHHS Pi3HUX
crielialbHUX pecIipaTOpHUX METOIUK |3, 4].

Bubip MeTony mTydHOI BEHTUJISILIT — 1€ ITOCTIMHMIA,
IIOIEHHU MOIIYK, SKHi1 X0U i Ma€ 3arajibHi 3aKOHOMipHOC-
Ti, 110 BiAIIOBiMAIOTH €TaIly Ta BUIY XipypriuHOi omepairii,
MOXe OyTH MaKCUMaJIbHO e(DEKTUBHUM JIMILIE TSI KOXKHOTO
KOHKPETHOI'O XBOPOTI'O i HABITh IHAMBIIYaJIbHO 7151 KOKHOTO
xipypra [3].
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AHecTe3ioJioriyHe 3a0e3IeYeHHsI, Y TOMY YHCJIi pecITipa-
TOpHA MiATPUMKA, y Xipyprii Tpaxei Ha CbOTOIHI 3ATUIIAETh-
¢Sl aKTyalnbHOIO IIpobiemoro [4, 5]. CteHo3u Tpaxei pi3HOI
€TioJIOoTi1, ATPOTeHHI pO3PUBHU Ta TPABMATUYHI YIITKOIKEHHS
Tpaxel € MOIINPEHOIO XipypPrivHOIO MaToJIOTIEO [6].

TexHoJoriuHi TOCSITHEHHS Y TpaxeoOpOHXialbHil Xi-
PYPrii YMOXJIMBUJIM HOBI IiIXOAM Yy JiKyBaHHI Ialli€HTIB 3
MPOTSKHUMM Ta MYJIbTU(HOKATIBHUMU YPaXKeHHSIMU Tpaxel
Ta 6poHXiB. ChOTOIHI 3aCTOCOBYIOThCS Pi3Hi METOIVUKHU Pec-
MipaTOpPHOI MATPUMKHU B yMOBaX TPUBAJIOTO IIIMPOKOIO pO3-
TUHY TIPOCBITY AUXaJbHUX LUISIXiB: 00’€MHA BEHTWIISILIIS 3a
JIOIIOMOTI'0I0 CUCTEMHU «IIYHT — AUXaHHS» [7], CTpyMHHHA
BUCOKOYACTOTHA IITYYHA BEHTWJIALIIS JIETEHD [ 8], TOTOKOBA
arHoeTUYHa oKcureHauis [9], ekcrpakopropaiabHi METOAU
razoooMminy [10, 11]. OgHak BUOip IPiOPUTETHOTO METO-
JIy peCHipaTOpHOI MiATPUMKHU 3aJIMILIAETHCS HEBUPILLIEHUM
3aBIAHHSIM Y 3B’SI3KY 3 BiICYTHICTIO 3araJbHOIPUNHATOL
KOHLIETIIil 0OrPYHTOBAaHOTO BUKOPHCTAHHS TOTO UM iHILIOTO
BUYy 3a0e3MeueHHs ra3000MiHY ITil yac omnepalliii Ha Tpaxei
Ta O6poHxax [12].

3 omsily Ha HasIBHICTh OOMEXEHb 1 YCKIIaIHeHb Y KOX-
HOI 3 Ha3BaHUX BUIIE METOOUK PECITipaTOPHOIL MiATPUMKN
HEeOoOXiTHO OLIHIOBATU PU3MKU 1X 3aCTOCYBAHHSI, BUXOIISIYM 3
BUSIBJICHOI IIpU TIepenoIepaliiiiHoMy 00CTeXeHHi CYyITyTHbO1
MaToJIoTii, TEXHIYHUX OCOOJIMBOCTE OMEepaTUBHOTO BTPYUYaH-
H$1, TPUBAJIOCTI OIepallii, iHAUBiAyaJIbHUX IIepeBar xipypra,
a TaKOX OCHAIIEHOCTI MEIMYHOTO 3aKjIaay TUM YU iHIIUM
o0slamHaHHSIM TS peastizallii pecripaTopHO1 MiATPUMKHU.

Meta po0OTH: BUBYUTU METOIM PECHipaTOpHOI Imii-
TPUMKM Y Xipyprii Tpaxei 3 Mo3ulliil 6e3rneKu maiieHTa,
XipypriuHoro KoM@opTy i iHTpaomepaliiiHOI B3aEMOIii
Xipypra Ta aHecresioJjiora.

MaTepiaAn Ta MeToAmn

o nocnimkeHHs 0y1o BKiatoyeHo 130 maitieHTiB 3i cre-
HO3YIOUMMU 3aXBOPIOBAHHSIMM Tpaxei Ta TOJIOBHUX OPOHXIB,
npoorepoBaHuX y KiiHili [Hctutyty 3 2017 poky i3 3acto-
CYBaHHSIM IOTOKOBOI anmHoeTu4Hoi okcureHanii (ITAO)
Ha eTariax pe3eKilii Ta peKOHCTPYKIIii TUXaJIbHUX IUISIXiB.
CepenHiii Bik nmauieHTiB ctaHoBuB 39 * 12 pokiB, Maca
tina — 80 £ 20 kr, 3pict — 174 £ 7 cm. DizuuHMit cTaTyc
3a Kiacudikalieio AMEpUKaHCHKOIO TOBApHCTBa aHECTe-
3ionoriB (ASA) BimnosigaB I—1I ximacam. ITAO 3acTocoBy-
BaJlacsl Ha OCHOBHMX eTarax HMPKYJISIPHOI pe3eKllii Tpaxel
3 aHaCTOMO30M, TPaXeoIJIACTUKM 3 BCTAHOBJIEHHsIM T-1o-
IiOHOI TPYOKM, po3’€AHAHHS TPaXeoCTPaBOXiTHOI HOPHUILi 3

LUPKYJIIPHOIO Pe3eKIIi€l0 Tpaxei, ABOPiBHEBOI IUPKYJISAP-
HOI pe3eKIlil Tpaxei, iHIIMX TPaXeoITaCTUIHMX OMepalliii.

Ha erami 3a0e3neueHHs XipypriYHOTO JOCTYIYy Halli-
€HT BEHTUJIIOBABCS 3a 00OCSTOM Yy pexkMMi HOPMOKAITHIT
(FiO, = 0,5). Wtyuny BeHtunsiito gereds (LLIBJI) npo-
Boauau min koHTposeM FiO,, etCO,, Ppeak, Pmean, nu-
XaJIbHOTO 00’€MY, XBUJIMHHOIO 00’€My AUXaHHS T10 pe-
BEPCUBHOMY KOHTYPY HU3BKUM IIOTOKOM B pexkxumi CMV
(TocTiiiHa MpUMyCcOBa BEHTUJISILIS).

[lepen moyaTkoM OCHOBHOTO €TaIly oIlepallii TpOBOIM-
Jlacst rinepokcureHauist mpotsiroM 5 xsuiuH (FiO, = 1). Ha
OCHOBHOMY eTalli oIepallii eHIoTpaxeajbHa TpyOKa MiaTs-
ryBaJlacsi 10 TOJIOCOBUX CKJIA/IOK, Yepe3 Hei y TTPOCBiT Tpaxel
MPOBOJIMBCS CTepWIbHUI caHaliitHuii katetep 14 Fr. 3a
KaTeTepoM 3aiiicHioBanacs iHncydusiisg 100% 3Bo1oXeHUM
Ta 3irpiTMM KMCHeM 3i mBuakictio 10—12 j1/xB Bix ieHTpa-
JIi3oBaHOrO mxepena. KaTtetep BCTaHOBIIOBABCS XipypromM
y KayJnajabHUI Binmin Tpaxei Haja Gidypkarieo (n = 127)
a0o y roioBHU OpoHX (n = 3), K10 AiTHKa Oidypkailtii
BXOIIMJIA Y 30HY Pe3eKIIii.

VY GinblocTi manieHTiB TpUBajicTh 3actocyBaHHs [TAO
cranoBua Big 10 mo 20 xBuiuH, y 6 mauientis [TAO sak
PEXUM pecHipaTOpHOI MiATPUMKM 3aCTOCOBYBAJIacs MPo-
tsairom 30 xBunuH, y 4 — 40 xBuiuH. TpuBanicts [TAO Bu-
3Hayajiacsl 4acoM MPOBEIEHHsI OCHOBHOTO €TaIy orepariii
Ta HEOOXiMHICTIO 3a0€e3IMeUeHHS XipypriyHOro KoMGopTy.

PesyAbTaTH

IToka3HUKM Ta30BOTO CKJIAMy Ta KUCIOTHO-OCHOBHOTO
crany (KOC) aprepiajibHOi KpoBi mpeacTaBieHi y Tao. 1.
V Bcix mauieHTiB crocTepirajgacs KapTuHa IpOrpeCUBHOTO
HapOCTaHHS PecIlipaTOpPHOro auuao3y. MiHiMalbHi 3HAYeHHST
pH aptepianbHoi kposi cranoBuu: 7,108 yepes 10 xB ITAO,;
7,09 uepe3 20 xB; 7,099 uepes 30 xB; 7,01 uepes 40 xB [TAO.

MaxkcumanbHi 3HaueHHs1 PaCO, craHoBuiaun: 88,2 Mm
pr.cT. uepes3 10 xB [TAO; 103 mm pt.cT. yepe3 20 xB; 92,2 Mmm
pr.cT. yepe3 30 xB; 119 MM pr.cT. uepes 40 xB [TAO.

IMoxaznuk HCO; uepe3 20 XB micjsi MOBEPHEHHS
0 TpaAulliiiHOI mTy4yHOi BeHTUsii seredsb (TIIBJT)
(FiO, = 0,5) BiporiaHo Biapi3HSIBCS BiJl BUXiTHOTO 3HAYEH-
HSI, ajie OyB y MexXXaX HOpMaJIbHUX 3HaYeHb. [1posBu rinep-
Kap0Oii Ta aruno3y 3HuKaIu yepe3 20 XB Mic/isi TOBEPHEHHS
no THIBJI (FiO, = 0,5) HezanexHo Bin TpuBayiocti [1AO,
onHak 3HayeHHs1 PaCO, uepes 20 XB micJist MOBEPHEHHS 10
TILLBJI 6yno BiporinHo Buiium, Hix 10 [TAO, a mokazHUK
pH aprepianbHOT KPOBi BipOTiIHO HYXKYKUM 32 BUXITHUMA.

Ta6nmuys 1. lNMoka3Huku razosoro cknagy ta KOC aprepianbHoi kposi (M £ )

Moka3Huk ;_.I-II'(I)JzBfi Pexxum MNAO, FiO, = 1,12 n/xs F;I;JU:EJ;,,S
Yac Bigbopy KpoBi 5 xB 10 xB 20 xB 30 xB 40 xB 20 xB nicnsa NMNAO
PaO,, Mmm pT.CT. 250,5+ 1242 | 298,3+1,9 [324,2+136,0*| 319+1262 | 3550+ 133,5| 202,2+78,8
PaCO,, mm pT.CT. 38,26 + 3,06 |63,44 +13,03*| 73,69 + 12,04*| 81,50 +6,39 | 94,83 + 16,66 | 43,36 + 8,10"
pHa 7,41 + 0,04 7,24 + 0,07 7,19 +0,05* | 7,17 +0,06* 7,10 = 0,06 7,35 + 0,05*
BE, mmonb/n 0,18 + 2,20 1,4+2/1 1,3+27 0,4 + 3,1 1,05 + 1,58 1,16 £ 1,80
HCO,, mmonb/n 2410+2,02 | 23,97 £+2,90 | 24,30 + 3,65 245+44 20,9+1,9 23,2+2,0"
NakTat, MMonb/n 1,3+1,8 0,8 +0,3 0,6 +0,1 1,3+0,9 2,0+1,9 1,4+1,4

Mpumitka: * — 3miHa 3Ha4eHHs wogo MAO BiporigHa 3 goBip4oro ¥iMoBipHicTio p < 0,05.
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Ta6bnuys 2. lNoka3Huku raszosoro cknagy 1a KOC yeHTpanbHOi BeHO3HOI KpoBi (M = &)

Moka3Huk TLWB, FiO, =1 Pexuwm MNAO, FiO, = 1,12 n/xB TLWBN, FiO, = 0,5
Yac Bigbopy KpoBi 5 xB 10 xB 20 xB 20 xB nicna NMNAO
PvO,, MM pT.CT. 42,53 +7,27 67 71,07 +2,80 51,6 +8,3
PvCO,, Mm pT.CT. 42,63 + 6,05 74 67,63 + 3,51 49,73 + 4,34
pHv 7,35 + 0,07 7,24 7,21 £ 0,03 7,34 + 0,06
HCO,-, mmonb/n 251+1,8 28 241+26 24,07 + 1,80

HIBuakicte HapocTanHs1 PaCO, 3a nepuii 10 xB [TAO
cra”HoBuia 2,5 + 1,2 Mm pr.cT./xB, 1,2 £ 0,9 MM pT.CT./XB
3 10-i mo 20-i xB [TAQO, 0,79 % 0,42 mm pT.cT./XB 3 20-i 10
30-ixB [TAO, 2,4 + 2,3 mM pr.cT./xB 3 30-1 10 40-1 xB [TAO.

Hani razoBoro ckiany Ta KOC 1eHTpaibHOI BEHO3-
HOI KPOBi TaKOX BilIOBigaaM pecripaTOpHOMY allla03y
(Tabs. 2).

ITapameTpu yactotu cepueBux ckopouyeHb (HCC), ap-
TepianibHOro TUCKY (AT) Oy B MexXax HOpMaJbHUX 3HA-
YeHb 3a BCiX ONMMCAaHUX PEXKUMiB pecHipaTOpHOI MiATPUM-
ku. 3a manumu Il cranmapraoro BinBenenHst EKI xe 6yno
3aikcoBaHO MOpyIIeHb pUTMY Ta 3MiH cermMeHTa ST 3a
BCiX IOCIiIKEHUX METOAMK PeCHipaTOpHOI MiATpUMKU. Y
BCiX, KpiM OJTHOTO, Mali€HTiB nMoka3Huk SpO, 30epiraBcst
nunie Ha piBHi 100 % Ha Bcix eTamax onepaliii. Y ogHOro
nauieHTa Ha 9-i1 xBunnHi [TAO nokasHuk SpO, 3HU3UBCS
10 95 %, sIKuil, ogHaK, 3aJIMIIABCS Ha LIbOMY PiBHi Mics
noBepHeHHs no TILBJI. I1pu canamiitHiii 6pOHXOCKOITi1
OyJIO BUSIBJIEGHO OOTYypallito IpaBOTo IroJIOBHOIO Ta JIiBOro
HIDXKHBOYACTOYKOBOT0 OpOoHXiB KpoB’10. I1icis caHalrii mo-
ka3Huk SpO, moBepHyBcst no 100 %.

V Bcix onepoBaHUX HAMU IAlli€EHTIB Y pAHHbOMY ITiCJIsI-
oIepaliifHOMY IIepiofli He CIIOCTEPIrayioch HEBPOJOTITHIX
yCKJIalHEHb. BapTo oKpeMo 3ynmMHUTHCS Ha TTOKa3HUKaX
ra3oBOro CKJIaAy apTepiajlbHOI KPOBi IIpU BCTAHOBJIEHHI
katetepa juist [IAO y roioBHMIT OPOHX, sIKe 3[iliCHIOBAIOCS
y TPhOX MALLEHTIB Y 3B 3Ky 3 TUM, 110 OiITHKA OipypKaltii
BXOJMJIA 10 30HU pe3eKIlil. Y KX Malli€HTIB TaKOX Bia3Ha-
yajucs rinepkap0ist Ta pecripaTOpHUI allua03, ajae CIin
3a3HAYUTH, 10 I OKCUTEeHAlIisl KPOBi BimmoBimana rimep-
okceMii. [Tpu nubomy nmapamerpu YCC, AT ta EKT Takox
nepedyBajii y MeXXax HOpMaJIbHUX 3HAYEeHb, SIK i IPU BCTa-
HOBJICHHI KareTepa Haj Oidpypkalieto Tpaxei. BuBuanucs
napaMeTpu LieHTpaabHOoi reMoauHamikuy (LITI) Ta nerexe-
Boi remonuHamiku (JITD). 3a manumu BumipioBanas LTI
ta JITJI My BusBUIM BiporiaHi BigmMiHHOCTI 3HaueHb YCC,
ymapHoro o6’emy (YO), Tucky B nerenesiii aprepii (TJIA),
TUCKY Yy JiBomy miepencepai (TJITIcp), TUCKY ereHeBUX
kanisgpiB (TJIK) Ta HacocHuX Koedilli€eHTiB SIK IIpaBoOro
(HKITI), Tak i aiBoro uutyHouka (HKJILL). Yci Ha3BaHi
napaMmetpu, kpiMm HKJIII, Oyiu BUIiuMu y rpy1i nauieH-
TiB 3 ninBuuieHuM PaCO,. HacocHuit koediuieHT JiBoro
LLUIYHOYKa OyB BipOTiZHO BULIMM Y IPYIIi NALL€HTIB, y IKMX
noka3zHuk PaCO, He nepeBuliryBaB 44 MM pT.CT.

O6roBopeHHs

Y HamoMy AOCIiIKeHHI MiATBepAUINUCS TaHi TIpo Te,
1110 Y BiAnoBiAp Ha niasuiieHHs: PCO, KpoBi MinBUILYETh-
csI 9acToTa CceplieBUX CKOPOUYEHb, iIMOBIpHO, Uepe3 eheKT

CTUMYJISILII BUKUAY KaTexoaaMiHiB. [linBuIlleHHST TUCKY Y
JIETeHEeBiil apTepii, TUCK y TPYIIi MALi€EHTIB 3 MiIBUILIEHUM
PCO, Ttakox BinmoBigae onucaHuM JaHUM. 3ayBaxkKyeEMO,
110 Y TTAIli€EHTIB 3 TiMepKaITHi€I0 TUCK Y JIiBOMY Iepeacepmi
OyB BMILIMM, HiX y MauieHTiB 6€3 Takoi, 1110, HMOBIipHO,
OyJ10 HACJIiAKOM BUIIIOTO AiaCTOJIYHOTO TUCKY Y JIETEHEeBili
aprepii [13, 14].

Baxx11BO OLIIHUTHU y TTOPiBHAJIBHOMY aCMEKTi MepeBa-
' Ta OOMEXEeHHSI OCHOBHUX PECITipaTOPHUX TEXHOJIOTIH,
KOXHA 3 SIKMUX MOXE CYIPOBOLKYBATHUCS HENOCTATHIM BU-
NAJIEHHSIM BYTJIEKUCIIOTU Ta TiMepeMi€lo roJJOBHOTO MO3KY
[15—17]. ¥V 3B’3Ky 3 LIUM MU BBaxkaEMO KOPUCHUM I10-
PIBHSHHSI METOJUK <«IIIYHT — JWXaHHS», BUCOKOYACTOT-
HOI CTPYMMHHOI ITYyYHOI BeHTWs1i1 Jereds (BY LIBJT)
ta I[TAO y nauieHTiB i3 MyJIbTU(HOKATbHUMU CTEHO3aMU
Tpaxei Ha eTamnax IBOPIiBHEBOI pe3eKllii Ta peKOHCTPYKIIil
Tpaxei. OnepaTUBHI BTpyYaHHS TaKOI CKJIAIHOCTI € pinKic-
HUM CITOCTEPEXEHHSIM, B paMKax SIKOTO 3a XipypriyHUMU
MOKa3aHHSIMU OYyJI0 3aCTOCOBAHO TPU OCHOBHI PECITipaTOpHi
TEXHOJIOTiI, 110 00roBOpIooThes. [10TIM BUKOHAHO 1X MMO-
DIBHSJIbBHUI aHAJTi3.

Ha nouarkoBoMy eTari onepallii Ipy BUIUIEHHI ypa-
XKEHUX MiISTHOK Tpaxei MaB Miclie 3-XBUJIMHHUN €Mi301
anHoe. Ha etami pe3exilii Ta peKOHCTPYKIIil CTEHO3y Kpa-
HianpHOTO Binmiay Tpaxei mpoonuiau BY IIBJI (100 xs,
1,5 at™m, FiO, = 1) nporsarom 20 xBuauH. [1pu pesexuii
Ta PeKOHCTPYKIIil CT€HO3y KayJaJbHOTO BiIIily Tpaxel
npotsiroM 20 XBWIMH BUKOPUCTOBYBaJIM MeToaukKy [TAO
(FiO, = 1,12 n/xB). IHcydnsauiitnuii KaTeTep 1151 TpOBEICH-
HST 000X pPECITipaTOPHUX TEXHOJIOTiil IIPOBOIMIIN Y IIPOCBIT
HIDKYEIeXKauyuX Bilpi3KiB AMXaJbHUX LIISIXiB, YEPTyIOUnd
OTO TIOJIOXKEeHHS 4yepe3 iHTyOauiliny Tpyoky (IT), motim
3 OOKy orepaltiiiiHoro moJist i 3HoBy uepe3 IT.

J1o pO3KpUTTS MPOCBITY Tpaxei MiX eTarmamMu pe3eKliil
CTEHO3iB Ta TICJIs1 3aBEPIIEHHSI OCHOBHOTO €Tary orepa-
uii LIBJI BukoHyBaiu 3a 00CSroM 4epe3 eHI0TpaxealbHy
Tpyoky (J1O 580 mu, 11 xB, FiO,= 0,5—0,7). Ilepen emi-
3onamu anHoe, BY IIBJI ta [TAO npoBoauiu nmoMmipHy
TiNepBeHTUISILIIIO.

JlocImiaKyBaay Ta30BUA CKITa[ Ta KMCJIOTHO-OCHOBHUIA
CTaH, piBeHb reMaTOKpPUTY Ta IJIiKeMii KpOBi LIEHTpaIb-
Hoi BeHU (v. jugularis interna), a Takox AT, UHCC, EKT.
MeTonoM TpaHCKpaHiaabHOI qomieporpadii BUMiproBa-
JIM MiKOBY CUCTOJIIYHY IIBUAKICTH KPOBOTOKY (S) y JIiBiit
cepenHiii Mo3koBgiit aptepii (CMA). Ha3BaHi nmapamerpu
¢ikcyBanu mepen Ta Micjasl KOXHOI 3MiHU PeXUMY BEH-
TUJISILII.

OuiHloBaIM MepeBaru Ta HeMOJiKM pecIipaTOpHUX
METOAUK i3 TO3ULIiN XipypriuHoro komgoprty. Pesekuito
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Ta PeKOHCTPYKIIiI0 KayIaJTbHOTO CTEHO3Y 3MiMCHIOBAIN i3
3actocyBaHHIM Metoguku [TAO. o kinug pexumy [TAO
(20 xB) nmokazHuk PvO, migBumuscs no 74,3 MM pT.CT.,
a PvCO, — 1o 64,3 MM pT.CT. Bill BUXiTHUX TTOKa3HUKIB 57,8
Ta 35,2 MM pT.cT. BianoBigHo. IIBUIKICTh HAKOTIMYEHHS
CO, y BeHO3Hili KpoBi ctaHoBUA 1,46 MM PT.CT. 32 XBUJIU-
Hy. [Tapamerpu razooominy Ta KJIC nipu I[TAO Binnosinanu
Oe3neyHuM U1 TlallieHTa 3HaueHHsIM. [likoBa cucrosiu-
Ha IIBUIKICTh KPOBOTOKY Y JiBiii CMA 30ijbinuiacs 10
73 cm/c (59 %).

Cnin 3a3HaYMTH, 110 MBUIKICTh KPOBOTOKY Y JiBii
CMA noBepTanacs 10 BUXiTHUX 3HaY€Hb IIPOTSITOM 5 XBU-
JIVIH TTiCJISI TIOBEPHEHHS 10 00’ €MHOI BEHTIWIALII1 BOTHOYAC
i3 HopMautizattieto piBHst PvCO,.

Emnizonu rimepkamHii Ha TJ1i 1OCTaTHLOI OKCUTEHALIil He
CYMPOBOJIXKYBAJIUCS TTOPYILIEHHSIM PUTMY Ceplisl Ta Iapame-
TPiB CUCTEMHOI TeMOIMHAMIKM.

Sk i mpu BY IBJI, npu 3acrocyBanHi [TAO ckopo-
YyyBaBCS Yac pe3eKllii Ta HakJagaHHs aHacToMo3y. OqHakK
nepesaroio I[TAO oo xipypriuanoro koMmMopTy OyJio Te,
1110 TTIOBHICTIO OyJ1a BiICYTHSI pyXJIMBICTb JIET€Hb Ta IUXab-
HUX IIJISIXiB, HEe BiZOyBaJOCs PO3MUJICHHS TPaxeoOpoH-
XiaJIbHOTO CEKpeTy Ta KpoOBi 3 onepauiiiHol paHu, Oyia
BiZCYTHSI cyBopa HEOOXiIHICTh He MepeTUCKATH IPOCBIT
nuctanbHoi ainsgHku Tpaxei. [Tokasnuku KOC Hanpu-
KiHIIi BCiX DOCIiIXKeHUX METOAMK BilMOBigaau pecIiipa-
TOpHOMY anuao3y. Haitbinbln BupaxkeHuit pecIripaTopHuii
aluMaI03 CrocTepiraBes MiJl Yac BUKOPUCTAHHS METOAUKU
TTAO. KpiMm po3riassHyTHX BUITAIKIB, 3 IKMMU 3iTKHYJIHUCS
MU, BBaXXaEMO BaxKJIMBUM BiJI3HAYUTU HU3KY MOXJIUBUX
CuUTyalill, y SKMX HaliBaxXJIMBillle 3HAYEHHSI Ma€ 3HAHHS
Xipyprom mpaBujl 3aCTOCYBaHHSI METOJIUK PECITipaTOPHOI
MiATPUMKH MPU OTIEPATUBHUX BTPYYAHHSIX HA TUXAJTbHUX
IISIXaX Ta Y3rOoIKEHIiCTh Milf aHecTe3iojora Ta xipypra:
MallieHTH 3 TSKKOIO KapaiadbHOIO MaTOJOTi€, 110 MOo-
TpeOyIOTh HEBIKIAIHOTO OMEPaTUBHOTO BTPYYaHHS Ha
MUXATbHUX ILIIJIXaX; BUIAJEHHS BPOCIMX CiTUACTUX €H/I0-
MpoTe3iB 3 Tpaxei IpM pe3eKllii Tpaxei; BUAaJeHHS €HI0-
MPOTE3iB Tpaxel IIpu OPOHXOCKOIIIi; Oy>KyBaHHSI CTEHO3iB
Tpaxei [18—20].

BucHoBKMU

PecnipaTopHe 3a0e3neueHHsI onepaliiii pe3ekiii Ta pe-
KOHCTPYKIII TUXaJTbHUX IUISIXiB MOXe OyTU BUKOHaAHE i3
3aCTOCYBaHHSIM IMOTOKOBOI alTHOETUYHOI OKCUTeHallii.

IlepeBaramMmu IMOTOKOBOI alMHOETUYHOI OKCUTEHAaIIil
11010 XipyprivHOTO KOMGOPTY OYyau: 3HEPYXOMJIEHHS
JIETeHb Ta IUXaJIbHUX HUISXIB, BiICYTHICTh PO3MUIEHHS
TpaxeoOpOHXiaJbHOTIO CEKPETY Ta KPOBi 3 onepalliiiHoi
paHu Ta npodiTakKTUKa yCKIaagHEHb, OB’ I3aHUX 3 TIOPY-
LIEHHSIM MPOXiTHOCTI NMXaJbHUX HUISIXiB, MPU Xipypriu-
HUX MaHIMYJIALiSX, SIKi MOXYTh YCKJIaAHUTUCS 6apoTpaB-
MOIO JIETEHi.

MeTtoarka MOTOKOBOI alTHOETUYHOI OKCUTEeHAllii 103-
BOJISIE YHUKHYTU CEPUO3HUX YCKJIAIHEHb, OB’ SI3aHUX i3
pecripaTOpHUM 3a06e3MeYeHHSIM, BJIACTUBUX iHIIUM Me-
TOAMKAM.

Bubip TexHosorii BU3HAYa€ETHCS piBHEM Ta BUIIOM ypa-
JKEHHSI, CTYIIeHEM CTE€HO3Y Ta MPOTSLKHICTIO YpaKeHOi Mi-
JISTHKY, OCOOJIMBOCTSIMU XipypPridHOTIO ITiIXOMY.

KondurikT inTepeciB. ABTOpU 3as1BISIIOTH PO BiICYTHICTh
KOHMIIIKTY iHTepeciB Ta BlIacHOI (piHaHCOBOI 3alliKaBlIeHO-
CTi IIpY MiATOTOBIIi JAHOI CTATTI.

Buecok aBtopiB. boiiko B.B. — po3po0ka nuzaiiHy no-
CJIiIKeHHsI, ocTatouHuit Bukiaz crarti; Kpinak B.B., Cou-
HeBa A.JI., Tkauenko B.B. — po3poOka nu3aitHy nociimkeH-
Hsl, 30ip Ta 00poOKa NaHUX IMALLEHTIB, HATMCAHHS CTATTi.
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Respiratory support during the surgical treatment of tracheal scar stenosis
in patients with thyroid pathology

Abstract. Background. Currently, surgical interventions on the
chest and respiratory tract have undergone significant progress. New
methods of performing complex resections and reconstructions of
the respiratory tract are increasingly being introduced into practice.
Regenerative medicine is developing — from the use of cadaveric
transplants to modern biosynthetic respiratory tracts. In this regard,
knowledge and skills in using various special respiratory techniques
are necessary. The purpose of the work was to study the methods of
respiratory support in tracheal surgery from the standpoint of patient
safety, surgical comfort and intraoperative interaction between the
surgeon and anesthesiologist. Materials and methods. The study
included 130 patients with stenosing diseases of trachea and main
bronchi on the background of thyroid pathology who were operated
on in the Institute’s clinic since 2017 using flow apnoeic oxygenation
at the stages of resection and reconstruction of the respiratory tract.
The average age of the patients was 39 £ 12 years, the physical status
according to the classification of the American Society of Anesthesi-
ologists corresponded to classes I-I1. Flow apnoeic oxygenation was
used at the main stages of circular tracheal resection with anastomo-

sis, tracheoplasty with the placement of a T-shaped tube, separation
of the tracheoesophageal fistula with circular tracheal resection,
two-level circular tracheal resection, and other tracheoplastic ope-
rations. Results. The advantages of flow apnoeic oxygenation in
terms of surgical comfort were immobility of the lungs and airways,
absence of spraying of tracheobronchial secretions and blood from
the surgical wound, and prevention of complications associated with
impaired airway patency during surgical manipulations, which can
be complicated by lung barotrauma. Respiratory support for resec-
tion and reconstruction of the airways in patients with thyroid dis-
eases can be performed using flow apnoeic oxygenation. Conclusions.
The flow apnoeic oxygenation technique allows avoiding serious
complications associated with respiratory support inherent in other
techniques. The choice of technology is determined by the level and
type of lesion, the degree of stenosis, the length of the affected area,
and the characteristics of the surgical approach.

Keywords: stenosing diseases of the trachea; thyroid diseases;
resection and reconstruction of the respiratory tract; respiratory
support
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Evaluation of irisin levels and lipid profiles
in obese men with type 2 diabetes mellitus

Abstract. Background. Diabetes mellitus (DM) represents a global health problem as a result of lifestyle changes,
represented by altered dietary habits and the city life that community members live, as well as lack of movement.
Irisin belongs to the class of muscle-fat kinetics because it works in both fatty and muscular tissues. It is a
thermogenic protein that stimulates energy production and the burning of brown adipose tissue when exercising. The
present study purposed to estimate the level of irisin hormone and some biochemical parameters in obese men with
type 2 DM, and to determine the relationship of irisin with the level of blood sugar accumulation in men with type 2
DM and obesity, and in healthy people. Materials and methods. The study included collecting 90 blood samples:
60 from men with type 2 DM and obesity, and 30 from unaffected (healthy) men. The samples were divided into two
groups based on age of participants: 24—44 and 45-65 years. Each of them included 45 samples (30 from patients
and 15 from healthy individuals). Results. The body mass index and serum irisin level of patients with type 2 DM
and obesity in both age groups were significantly increased compared to healthy subjects at the probability level of
P < 0.05. The results also showed that the glucose concentration and cumulative sugar of patients with type 2 DM
and obesity in both age groups were significantly increased compared to healthy subjects at the probability level of
P < 0.05. As for the biochemical tests that included lipid profile evaluation, there was a significant increase in total
cholesterol, triglycerides, low- and very low-density lipoprotein in the serum of patients with type 2 DM in both age
groups compared to healthy people. The concentration of high-density lipoprotein in the serum of patients with type 2
DM and obesity in both age groups decreased significantly compared to healthy people at the probability level of
P £ 0.05. Conclusions. The current study concluded that serum irisin levels and most lipid profile parameters were
elevated in patients with type 2 diabetes and obesity, which may indicate an association between the content of
this myokine and lipid profile disorders in men with DM.

Keywords: irisin; type 2 diabetes mellitus; lipid profile; men

Introduction

Diabetes mellitus (DM) is one of the chronic medical
conditions resulting from various genetic, viral, environ-
mental, or functional factors. DM is not a single disease,
but rather several diseases that affect the body’s organs and
share with each other a basic physiological condition, which
is an elevated level of glucose in the blood plasma (hyper-
glycemia) [1].

High glucose in both types of the disease (type 1 and
type 2) is due to a relative or absolute deficiency in the se-
cretion of the hormone insulin or the presence of factors
that oppose the action of insulin, or both, which leads to
disturbances in the metabolism of important nutrients such
as carbohydrates, fats and proteins, all of which end with an
increase in blood sugar over its normal rate and finally its
appearance in the urine [2].

DM a global health problem as a result of changes in life-
style, represented by changes in dietary habits and the city life
that community members live, as well as lack of movement.
All of these factors have led to the spread of this chronic di-
sease on a global scale [3]. DM affects more than 415 million
people worldwide and causes approximately 5 % of deaths
globally each year [4]. The disease is strongly associated with
obesity, advanced age, and family history [5]. Additionally,
DM is a chronic inflammatory disease characterized by in-
sulin resistance associated with obesity [6].

Obesity is a chronic medical condition characterized by
excessive accumulation of body fat [7] and it is a serious glo-
bal problem due to its negative impact on well-being and its
relationship to increased mortality and worsening disease [8].
It is one of the most important factors that lead to many
metabolic complications including type 2 diabetes mellitus
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(T2DM), insulin resistance (IR) and cardiovascular disease
(CVD) [9]. Obesity is measured using the body mass index
(BMI), which is determined by dividing a person’s body
weight in kilograms by the square of his height in meters.
Therefore, individuals can be classified into three catego-
ries, normal (BMI 18—24.9 kg/m?) and overweight (BMI
25-29.9 kg/m?) and obesity (BMI > 30 kg/m?) [10].

Irisin is a muscle kinetic hormone (myokine) and is a
polypeptide that contains 112 amino acid residues and has a
molecular weight of about 12 kilodaltons. It is released into
the bloodstream from the proteolytic cleavage of fibronectin
type I1I domain containing protein 5, called fibronectin type
III domain containing protein 5 (FNDCS5), which is gene-
rated by muscle contraction in muscular tissue [11]. Irisin
belongs to the class of muscle-fat kinetics (adipomyokine)
because it works in both fatty and muscular tissues. It is a
thermogenic protein that stimulates energy production and
the burning of brown adipose tissue when exercising. There-
fore, irisin plays an important role in energy balance and
metabolism, as it works to lose weight and improve IR [12].

Skeletal muscles are the main source of irisin production,
and many studies have found a strong correlation between
levels of this hormone in the blood and increased expres-
sion of the FNDC5 mRNA gene in human tissues [13]. It
is secreted primarily by subcutaneous white adipose tissue
and plays a key regulatory role in the conversion of white
fat into brown fat, suggesting a potential role in reducing fat
accumulation and reducing obesity while improving glucose
resistance [14, 15].

The purpose was to estimate the level of irisin hormone
and some biochemical parameters in obese men with type 2
diabetes, and to determine the relationship of irisin with the
level of blood sugar accumulation in men with type 2 diabetes
and obese, and compare them to healthy people.

Materials and methods

Sample collection. 90 blood samples were collected from
obese men and those with T2DM from patients at the en-
docrine and Diabetes Hospital in Misan Governorate. It
was distributed to 60 blood samples from men with T2DM
and obese, and 30 blood samples from men without DM
(healthy). The samples were divided into two groups based
on age. The first group included 45 samples (30 patients
and 15 healthy), whose ages ranged from 24 to 44 years, and
the second group included 45 samples (30 patients and 15
healthy) whose ages ranged from 45 to 65 years. A question-
naire was designed to obtain the actual information of men
with control and patients groups.

Preparation of blood serum. 5 mL of venous blood was
drawn from the elbow using a clean medical syringe, then the
blood was placed in special tubes called gel tubes and left for
20 minutes. It was then placed in a centrifuge for 15 minutes
at a rate of 3000 rpm to obtain the blood serum. The serum
was then divided and placed in 1.5 mL Eppendorf tubes, and
the samples were stored at —80 °C in deep freeze until the
immunological and biochemical tests for the current study
were performed.

Estimating the level of the hormone irisin in the serum of
patients and healthy. The well-known immunological me-
thod, enzyme-linked immunosorbent assay (ELISA), was

adopted to estimate the level of the irisin hormone using an
American-made ELISA reader device using measuring kits
prepared by the American company MyBioSource. Glu-
cose and the amount of cumulative sugar in the blood were
estimated using the Bio Rad device, and lipid profiles were
estimated using a Spectrophotometer device and a measuring
kit supplied by BIOLABO (France).

Statistical analysis. Statistical analysis throughout our
study are performed by using one way ANOVA by general
liner model procedure using statistical package for social
science (SPSS) version 21. The level of significance was
P <0.05).

Results
Body mass index in patients
and healthy people

The results of the study showed that there was a signifi-
cant increase at the probability level of P < 0.05 in the body
mass index in patients with T2DM and obese in both age
groups in the first group (24—44 years) and the second group
(45—65 years) to detect healthy people (Table 1).

Table 1. The values of BMI in patients and healthy
groups (mean + SE, kg/m?)

Groups BMI P-value
Healthy, n=15 | 22.40 +1.09
l,n=45 0.000
Patients, n =30 | 29.97 + 0.95*
Healthy,n=15 | 24.10 + 0.95
I, n=45 - 0.001
Patients, n=30 | 28.10 = 0.59*

Note (here and in Tables 2—4): * — significant diffe-
rence at probability level of P < 0.05.

Estimating the level of the hormone irisin
in patients and healthy

The results of the current study showed that there was a
significant increase at the probability level of P < 0.05 in the
concentration of irisin in T2DM patients and obese people
in the two age groups in the first group (24—44 years) and the
second group (45—65 years) compared to its concentration
in healthy, shown in Table 2.

Table 2. Concentration of irisin in the serum
of patients and healthy (mean = SE, ng/ml)

Groups Irisin P-value
Healthy, n =15 | 134.85 + 4.31
l,n=45 - 0.000
Patients, n =30 | 173.35 + 3.34*
Healthy, n =15 | 134.85 + 8.41
I, n=45 - 0.000
Patients, n =30 | 174.79 + 3.13*

Glucose and HbA1c concentration

The results shown in Table 3 showed a significant in-
crease at the probability level of P < 0.05 in glucose concen-
tration and cumulative sugar among T2DM and obese in
the two age groups in the first group (24—44 years) and the
second group (45—65 years), which compared to its concen-
tration in healthy.
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Table 3. Glucose and HbA1c concentration in patients and healthy (mean + SE)

Groups Glucose, mg/dL HbA1c, %
Healthy, n =15 83.68 + 7.74 6.27 +0.12
l,n=45 Patients, n = 30 275.09 + 26.04* 10.35 + 0.44*
P-value 0.000 0.000
Healthy, n =15 97.46 + 9.80 6.77 + 0.29
I, n=45 Patients, n = 30 242.45 + 18.00* 9.18 + 0.37*
P-value 0.000 0.000
Table 4. Concentration of lipids in the patients and healthy (mean = SE, mg/dl)
Groups TC TG HDL LDL-C VLDL-C
Healthy,n=15 | 160.55+4.09 | 124.86 + 15.60 | 41.11 +2.46 86.36 + 2.51 24.97 +3.12
I,n=45 Patients, n =30 | 180.68 + 6.15* | 297.21 +42.93* | 34.75 +1.81* 97.50 + 3.29* 59.46 + 8.59*
P-value 0.03 0.008 0.04 0.03 0.008
Healthy,n=15 | 153.89+6.72 | 187.29 +18.39 | 54.17 + 11.57 76.78 +9.08 36.71 = 5.01
I, n=45 | Patients,n=30 | 180.32 + 6.62* | 280.37 +29.32* | 29.57 +1.19 98.66 + 3.91* 56.09 + 5.86*
P-value 0.01 0.03 0.05 0.01 0.03

Estimating the concentration of lipids
in the serum

The results shown in Table 4 showed a significant in-
crease in the concentration of total cholesterol, triglycerides,
low-density lipoprotein, and very low-density lipoprotein,
while statistical analysis showed a significant decrease in the
concentration of high-density lipoprotein at the probability
level of P < 0.05. In patients with T2DM and obese in the
two age groups: the first group (24—44 years) and the se-
cond group (45—65 years), compared to its concentration
in healthy.

Discussion

The results of the current study showed that there was a
significant increase at the probability level of P < 0.05 in the
BMI in patients with T2DM in the two age groups in the first
group (24—44 years) and the second group (45—65 years)
compared with healthy. The reason for this is most likely that
all diabetic patients in the current study are obese and suffer
from obesity and accumulation of fat in the body. Thus, the
BMI is an indicator of the amount of fat a person has, and
it is also a means of assessing health risks using the person’s
weight and height.

The results of the current study also showed that there
was a significant increase at the probability level of P < 0.05
in the level of the hormone irisin in diabetic patients in the
two age groups in the first group and the second group com-
pared to its concentration in healthy. The reason for this
increase may be attributed to increased secretion of the irisin
s lipoprotein, mainly by adipose tissue and adipose and mus-
cle cells in obese individuals who have a high BMI, which is
considered a compensatory response to combat obesity [16].

The results of the current study were consistent with the
results of the study [17], as that study indicated an increase
in the level of irisin in obese people compared to healthy
people. They considered this increase as an adaptive response
to the metabolic disorder caused by obesity, which caused

irisin resistance. The results of the study [18] did not agree
with the results of our study, as the study showed a decrease
in irisin levels in patients with T2DM compared to healthy.

The results of the current study also showed that there
was a significant increase at the probability level of P < 0.05
in the concentration of glucose in patients and in the two age
groups compared to its concentration in healthy people, the
rise in glucose levels in blood plasma is due to a decrease in
the process of glucose assimilation by cells due to a decrease
in the number of insulin receptors on cell surfaces or due to
weak sensitivity of insulin to glucose. This step represents the
beginning of the development of T2DM, so irisin is secreted
by adipose and muscle cells at high levels [19]. The high
level of cumulative blood sugar may be attributed to poor
control of glucose levels and increased blood viscosity, as
the percentage of glucose affects the properties of red blood
cells, which reduces their flexibility and increases their ten-
dency to aggregate, thus leading to the binding of glucose to
hemoglobin [20].

The results showed a significant increase in cholesterol
concentration in diabetic patients in both age groups at a
probability level of P < 0.05 compared to its concentration in
healthy. The reason for its high levels may be due to its lack
of absorption from the intestine due to the lack of activity of
the enzyme cholesterol acyl transferase [21].

The results also showed a significant increase in the level
of triglycerides, as this study was consistent with the findings
of [22]. The reason may be attributed to high glucose in the
blood, which leads to a continuous increase in the produc-
tion of triglycerides. The reason for this increase is due to
a decrease in the activity of the lipoprotein lipase enzyme.
The decrease in the activity of this enzyme is due to a lack
of insulin, which causes the accumulation of triglycerides as
sources of energy [23].

As for lipoproteins, the results showed a significant
decrease in the concentration of high-density lipoprotein
(HDL-C) at a probability level of P < 0.05 in diabetic pa-
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tients in both age groups compared to healthy. There was
a significant increase in the concentration of low-density
lipoprotein (LDL-C). These results may be attributed to
the effect of high BMI and the effect of IR in patients with
T2DM. The increase in the level of LDL-C results from the
effect of insulin secretion on a number of high-density lipo-
protein receptors, thus resulting in chronic insulin deficiency
associated with a decrease in LDL receptors [24].

The occurrence of disorders in lipid profiles, especially
high triglycerides and low HDL cholesterol, may be asso-
ciated with the presence of many diseases, including DM,
obesity, and cardiovascular diseases [25]. The results of the
current study were consistent with the results of the study
[26], which found that high body mass index is associated
with increased levels of harmful cholesterol and decreased
levels of beneficial cholesterol.

In addition, people with hyperglycemia have an increased
levels of triglycerides accompanied by decreased levels of
good cholesterol HDL, as the liver lipase enzyme converts
high-density protein into smaller particles that are quickly
removed from the plasma, leading to decreased levels in the
blood [27].

The results of the study showed a significant increase in
the concentration of very low-density lipoprotein (VLDL) at
the probability level of P < 0.05 in diabetic patients in both
age groups compared to its concentration in healthy people,
The reason for the increase in very high-density lipoproteins
may be attributed to their being a major indicator of lipid
disorders in diabetic and obese patients, and the change in
their level is linked to the change in the level of triglycerides
produced by the liver, as the activity of the liver lipase in de-
molishing lipoproteins rich in triglycerides, including VLDL,
decreases, so their level in blood plasma increases [28].

Conclusions

The study concluded that the level of irisin and most lipid
profile indices was elevated in the serum of patients with
type 2 diabetes mellitus and obesity, which may indicate a
link between the high level of irisin and the high level of some
lipid profiles in diabetic and obese men.
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OujiHKa PiBHIB ipM3MHY TA AiINIAHOTO NPOdIAIO B YHOAOBIKIB 3 OXKUPIHHSAM
TA LLYKPOBUM Aica6eTom 2-ro tuny

Pe3tome. Axkmyaavnicme. Llykposuii nia6er (II/1) € rmo6aabHOIO
MPOoOJIEMOI0 OXOPOHU 3M0POB’sI BHACIIIOK 3MiH CITIOCOOY XKUTTS,
SIKi TIOJISITAIOTh B TTOPYIIEHHI XapuyBaHHS Ta CTUJTIO XXUTTS, a Ta-
KO 3HVXKEHiii (pi3uyHili aKTUBHOCTI. [pM3uH — HOBUI1 aAUMOKIH
i3 BOXJIMBUMU aBTOKPUHHUMU i1 EHIOKPUHHUMU DYHKIISIMU.
BiH nmpoayKyeTbest He TiJIbKM M’$130BOI0 TKAHUHOIO, aJie i JIiM-
(doimHMMU opraHaMu, XXMPOBOIO i HEPBOBOIO TKAHWHOI0. Mema:
OLIIHUTH PiBeHb ipU3MHY Ta AESIKUX 0iOXiMiUHMX MapaMeTpiB y
YOJIOBIKiB 3 oXupiHHsaM i L] 2-ro Turly, a TaKoX BU3HAUYUTHU
3B’30K ipM3UHY 3 MOKa3HUKAMU TIlikeMil B yoJoBikKiB i3 L] 2-ro
TUITY 1 OKUPIHHSM i 3M0pOBUX Jitoaeli. Mamepiaau ma memoou.
JocrimkeHHs BKroyano 36ip 90 3paskiB kposi (60 Bix 40a0BiKiB
i3 L1 2-ro Tuny it oxxupinHsm i 30 Big 310poBux 0ocib), 1o oynu
poO3IisieHi Ha Bi TPyNu 3a BiKOM y4acHUKiB: 24—44 ta 45—65
pokiB. Koxna Bkimouana 45 3paskiB (30 Bix mawieHTiB i 15 Bin
310pOBUX 0Ci0). Pezyasbmamu. IlHneKC Macu Tija Ta piBeHb ipu3u-
HY B CUPOBATIli KPOBi XBOPUX i3 LIyKPOBUM J1iabeTOM 2-TO TUITY
i1 O>KMPIHHSIM B 000X BiKOBUX rpyriax OyJiu BipoTiZIHO MiIBUILEH]
MOpiBHSIHO 3i 3mopoBuMu yaacHuKamu (P < 0,05). KonuenTpatrist

[JIIOKO3M B MALiEHTIB i3 IYKPOBUM J1iabeTOM 2-TO TUITY U OXM-
PiHHSM B 000X BiKOBUX Ipyrnax Takox OyJia BipOTilHO MiABUIIEHA
MopiBHSIHO 3i 3mopoBumu moabMu (P < 0,05). [lloxo 6ioxiMivHMX
TECTiB, SIKi BKJIIOYAJIM OLIIHKY MOKA3HUKIB JiMiAHOro npodiiio,
TO pe3yJbTaTH MOKa3aau BiporiaHe 30iblIeHHs] KOHLEHTpaLlii
3arajbHOTO XOJIECTEPUHY, TPUIITILEPUIiB, JIMONPOTEiHiB HU3b-
KOi Ta Ay»e HU3bKOI IIiTbHOCTI y CUPOBATIIi KPOBi TAIli€HTIB i3
LIYKPOBUM /1iabeTOM 2-TO TUITy B 000X BiKOBUX IpyIax MOPiBHSIHO
3i 3m0poBUMHU ocobaMu. CriocTepirasiocs BipoTiaHe 3HVXEHHs
(P <0,05) Bmicty ninmonpoTeiHiB BUCOKOI LIIJILHOCTI B CUPOBATLLi
KPOBi MAIIi€HTIB i3 IIYKPOBUM /1iabeTOM 2-TO TUITY 11 OXKUPIHHSIM
B 000X BiKOBMX IpyIiax MOPiBHSIHO 3i 310pPOBUMU JIIOAbMU. Bucho-
6xu. PiBeHb ip3MHY Ta MOKA3HUKU JiMigorpaMu OyJiu MiABUILIEHI
B MALEHTIB i3 LIYKPOBUM JiabETOM 2-T0 THUIYy Ta OXUPIHHSIM,
IO CBITYUTH PO B3aEMO3B’SI30K MiX YMiCTOM IIbOTO MiOKiHY
1 MOPYIIEHHSIMU JIiMiAHOTO MPodiJilo B YOJOBIKiB i3 IIyKPOBUM
niabeToM 2-ro TUIY.

KimouoBi cj10Ba: ipusuH; LyKpoBuii qiaGet 2-ro TUIY; JiMiaHuii
Mpodiib; YOJOBIKM
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Overlap syndrome of atopic dermatitis
and allergic contact dermatitis:
metabolic patterns

Abstract. Background. In recent years, multifaceted studies of the relationship between allergic skin diseases,
in particular atopic dermatitis (AD) and allergic contact dermatitis (ACD), and metabolic disorders have been ac-
tively developing. Studies have shown that type 2 diabetes mellitus can increase the risk of AD. Inflammation and
oxidative stress, which are observed in metabolic syndrome, have been inextricably linked to ACD, since reactive
oxygen species are involved in the initial sensitization to the allergen, as well as in the development of pathogenic
allergic reactions. The purpose of the study was to investigate the clinical efficacy of treatment for AD and ACD
overlap syndrome (OS) in patients with metabolic disorders. Materials and methods. Comprehensive treatment of
patients with AD and ACD OS who had impaired glycemia and lipid metabolism was performed. Before the start of
treatment, after a month and 3 months, a lipid profile, fasting glucose and glycated hemoglobin (HbA1c) indicators
were evaluated. Patients were also assessed for the prevalence of eczema using the Eczema Area and Severity
Index (EASI). Results. After the treatment, patients showed a tendency to reduce blood glucose (from 6.80 + 0.18
to 5.20 + 0.11 mmol) and HbA1c (from 6.40 + 0.22 to 5.10 + 0.16 %) from 1 to 3 months of observation, and lipid
profile indicators normalized: the concentration of total cholesterol, triglycerides, low-density lipoproteins decreased,
while high-density lipoproteins showed a tendency to increase. The assessment of the prevalence of eczema ac-
cording to the EASI showed that before the start of treatment, mild lesions were present in 11 (25.0 %) patients,
moderate — in 17 (38.6 %), and the proportion of patients with severe and widespread lesions was 18.2 %. At the
end of the monitoring period, 20 (45.5 %) patients had no obvious clinical manifestations of the disease, 20 (45.5 %)
patients had mild form, 6 (13.6 %) had moderate, and 4.6 % had severe and widespread lesions. Conclusions.
The proposed algorithm for the management of patients with AD and ACD OS who have metabolic syndrome and
prediabetes is effective, as evidenced by the obtained data on glycemic indicators and lipid profiles in dynamics,
as well as the results of the assessment on the EASI.

Keywords: atopic dermatitis; allergic contact dermatitis; overlap syndrome; metabolic disorders; prediabetes;
lipid profile

Introduction

Type 2 diabetes mellitus (T2DM), a metabolic disease
characterized by chronic hyperglycemia caused by insulin
resistance and p-cell dysfunction, accounts for 90—95 % of
diabetes cases worldwide [1]. It often leads to serious com-
plications such as cardiovascular disease, neuropathy, renal
disease, and retinopathy, which is usually associated with
chronic inflammation [2]. Meanwhile, obesity and insulin
resistance often provoke systemic inflammation with in-

creased levels of inflammatory factors such as TNF-a and
IL-6, which in turn impairs insulin signaling [3].

Atopic dermatitis (AD) is one of the most common skin
diseases in the world. It occurs with varying frequencies in dif-
ferent countries and ethnic groups, for European countries this
figure is up to 20 % in children and up to 10 % in adults [4, 5].

Allergic contact dermatitis (ACD) is a delayed-type hy-
persensitivity reaction generated by the human immune sys-
tem in response to a small molecule (less than 500 daltons),
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or hapten, coming into contact with the skin of a sensitized
person [6]. ACD accounts for about 20 % of contact derma-
toses [7], which occur as a result of contact with common
allergens: nickel, preservatives, fragrances, textile chemicals,
sunscreens [8].

The combination of AD with ACD or the occurrence of
ACD on the background of atopic dermatitis has been called
the overlap syndrome (OS) [9, 10]. Studies have shown that
patients with AD have an increased risk of developing ACD
compared to those without AD [9]. Allergens and haptens are
triggering factors in the group of patients with the AD and
ACD overlap syndrome [10].

Recently, it has been shown that AD is associated with
a lifetime risk of developing diabetes and prediabetes [11].
It has also been shown that DM2 may increase the risk of
developing AD [12]. Studies have shown that AD in adults
has been associated with a higher prevalence of dyslipidemia;
multivariate analysis demonstrated a significant overrepre-
sentation of metabolic syndrome in moderate to severe AD
(p=0.04) [13].

In recent years, the term prediabetes has been widely
used by physicians of all specialties. This condition is cha-
racterized by elevated blood glucose levels above normal,
but not on a permanent basis [14]. Prediabetes involves im-
paired fasting glycemia, with a glycated hemoglobin level of
5.7—6.4 % [15]. Nevertheless, with prediabetes, it is possible
for a person to achieve stable normal glycemia indicators and
prevent the further development of diabetes without the use
of drug therapy — and this is only possible through lifestyle
correction: streamlining diet and physical activity to reduce
weight and regulate lipid metabolism, preventing stressful
effects, normalizing sleep, and giving up bad habits [14, 15].

The purpose of the study was to investigate the clinical
efficacy of treatment of atopic dermatitis and allergic con-
tact dermatitis overlap syndrome in patients with metabolic
disorders.

Materials and methods

At the clinic of the Department of Dermatovenereology,
Allergology, Clinical and Laboratory Immunology of the
Shupyk National Healthcare University (Kyiv) in 2021—
2025, 79 patients with confirmed overlap-syndrome of AD
and ACD underwent dispensary observation, of which 44
(26 women and 15 men aged 19 to 49 years) were overweight.
According to the European recommendations (EASD) [16],
such patients were prescribed diet therapy with a complete
rejection of sweet foods and bread products, restriction of
animal fats and an increased specific gravity of vegetable
fiber, as well as dosed physical activity in the form of regular
walks 2 times a day. Patients who had an exacerbation of
AD or ACD at the time of inclusion in the study were pre-
scribed bilastine 1 tablet (20 mg) 1 time per day for 10 days
and mometasone furoate cream 2 times a day on the affected
skin areas, without rubbing. Before the start of treatment, af-
ter a month and after 3 months, patients underwent screening
of a lipid profile, fasting glucose and glycated hemoglobin
(HbAIC) levels.

Patients were also assessed for eczema prevalence using
the Eczema Area and Severity Index (EASI) [17] in which A
score of 0 indicates clear or no eczema, 0.1 to 1.0 indicates

almost clear, 1.1 to 7 indicates mild disease, 7.1 to 21 indi-
cates moderate disease, 21.1 to 50 indicates severe disease,
and greater than 51 indicates very severe disease.

Results

Screening of glycemic indicators before the start of treat-
ment showed that the average blood glucose level in pa-
tients with overlap syndrome of AD and ACD, who were
overweight, was 6.80 = 0.18 mmol/I. After the appointment
of dietary habits correction and moderate physical acti-
vity, the glucose indicator decreased to an average level of
5.80 £ 0.12 mmol/1 after a month, and to 5.20 £+ 0.11 mmol/I
after 3 months (Fig. 1). In turn, the initial level of glycated
hemoglobin in patients was 6.40 & 0.22 %, and after 1 month
it was 5.60 + 0.08 %. At the end of the monitoring period, i.e.
after 3 months — 5.10 = 0.16 %, the indicator after treatment
significantly differs from the initial level, p < 0.05 (Fig. 2).

Assessment of lipid metabolism indicators before the start
of treatment shows that the average level of total cholesterol
in patients was 6.20 + 0.14 mmol/l. After the appointment
of a diet and physical activity, the cholesterol indicator de-
creased to an average level of 5.60 £+ 0.11 mmol/l after a
month, and to 5.10 = 0.16 mmol/I after 3 months. At the
same time, the initial level of triglycerides was 4.16 £ 0.14,
and after 1 month it was 2.88 £ 0.13 mmol/I, and after
3 months it was 1.97 & 0.11 mmol/l (compared to the initial
level, p < 0.05 (Fig. 3)).

Low-density lipoproteins (LDL) before the start of treat-
ment were on average at 4.70 £ 0.11 mmol/1, after 1 and
3 months 3.90 £ 0.14 and 2.70 = 0.09 mmol/I, respectively.
In contrast, high-density lipoproteins (HDL) showed a ten-
dency to increase: from 0.83 £ 0.13 mmol/I1 at the start of the
study to 1.19 = 0.15 mmol/I after 3 months (Fig. 4).
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Figure 1. Blood glucose concentration in patients
with OS AD + ACD, mmol/l

Note (here and in Fig. 2—4): * — the indicators are sig-
nificant compared to the baseline, p < 0.05
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Figure 2. Glycated hemoglobin in patients
with OS AD + ACD, %

Tom 21, N2 4, 2025

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

105



OpwuriHaAbHi AoocAipXeHHs / Original Researches

7 -

6 ] *

5 -

4 i

3 N I *

21 i

1
Baseline In 1 month In 3 months I
-= Total cholesterol Triglycerides |

5 -
4
3 *
2 1 *
11 T o 4
Baseline In 1 month In 3 months I
| = LDL HOL |

Figure 3. Total cholesterol and triglyceride levels
in patients with OS AD + ACD, mmol/l

Assessment of eczema severity according to the EASI
index showed that before the start of treatment, 8 (18.2 %)
patients had no obvious clinical manifestations of the disease,
11 (25.0 %) patients had mild lesions, 17 (38.6 %) patients
had moderate lesions, and the proportion of patients with
severe and widespread lesions was 18.2 %. After 1 month, 14
(31.9 %) patients had no obvious clinical manifestations of
the disease, 17 (38.6 %) patients had mild lesions, 8 (18.2%)
patients had moderate lesions, 4 (9.1 %) patients had wide-
spread disease, and 1 (2.3 %) patient had very widespread
disease. At the end of the monitoring period, 20 (45.5 %)
patients had no obvious clinical manifestations of the disease,
20 (45.5 %) patients had mild disease, 6 (13.6 %) patients had
moderate disease, and the proportion of patients with severe
and widespread lesions was 4.6 % (Fig. 5-7).

The results of the study indicate that in the selected co-
hort of patients with AD and ACD OS, who were overweight,
at the initial level, glycemia indicators indicated a prediabetic
state and such patients needed correction of eating habits and
recommendations for increasing daily physical activity. After
the appointment of an appropriate diet and dosed moderate
physical activity in patients, a tendency to decrease blood
glucose and glycated hemoglobin indicators is observed from
1 to 3 months of observation. It is also worth noting that after
the appropriate recommendations, lipid profile indicators
in patients normalized: the concentration of total choleste-
rol, triglycerides, low-density lipoproteins decreased, while
high-density lipoproteins showed a tendency to increase.

Figure 4. Low- and high-density lipoprotein levels
in patients with OS AD + ACD, mmol/l

The recommended correction of the lifestyle of pa-
tients with OS AD + ACD, who have metabolic disorders,
creates conditions for normalization of general metabo-
lism, and as a consequence — for harmonization of me-
tabolism and prevention of dry skin. This, in turn, ensures
the restoration of the skin barrier and prevents possible
relapses of the disease, as evidenced by the assessment
of the prevalence of skin lesions according to the EASI
index.

Discussion

Today, multifaceted studies of the relationship between
allergic skin diseases, in particular atopic dermatitis and
allergic contact dermatitis, and metabolic disorders are
undergoing active development. A study of adult Korean
women with atopic dermatitis found an association with
metabolic syndrome (MS) (p = 0.02) and elevated tri-
glyceride levels (p = 0.05) [18]. One possible explanation
is that both diseases share altered expression of T-cell cy-
tokines. According to a systematic review, central obesity is
a well-established component that is positively correlated
with AD and is associated with increased prevalence and
severity of the disease [19].

It is also worth noting that excessive release of proin-
flammatory cytokines, including TNF-a and IL-1, can lead
to chronic systemic inflammation, which is central to the
pathophysiology of insulin resistance, visceral obesity, hy-
pertension, and dyslipidemia [20, 21].
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disease Almost 18 %
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Figure 5. Distribution of patients
by the severity of eczema
according to the EASI score before
the start of treatment

Figure 6. Distribution of patients
by the severity of eczema
according to the EASI score
1 month after the start of treatment

Figure 7. Distribution of patients
by the severity of eczema
according to the EASI assessment
3 months after the start of treatment
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Studies and meta-analyses have shown that AD is pos-
itively correlated with various components of MS, inclu-
ding central obesity and hypertriglyceridemia, especially in
women [20—22]. Studies have also shown a significantly
increased risk of hyperlipidemia, hypertension, and type 2
diabetes in patients with AD [21], and weight loss in turn
improves the outcome of AD treatment [22].

It should also be added that adiponectin is produced
exclusively by adipose tissue, the level of which in MS and
obesity increases in response to chronic inflammation and
oxidative stress [23—25]. Inflammation and oxidative stress,
which are observed in metabolic syndrome [26, 27], have
been shown to be inextricably linked to allergic contact
dermatitis, since reactive oxygen species are involved in the
initial sensitization to the allergen, as well as in the develop-
ment of pathogenic allergic reactions [28]. It is interesting
to note that adiponectin is also expressed by adipocytes in
conditions of chronic inflammation in atopic dermatitis
[29, 30].

Taking into account the above literature data and the
results of our own research, we can make a reasonable con-
clusion that disorders of lipid and carbohydrate metabolism
largely accompany chronic allergic skin diseases. For exam-
ple, among a cohort of 79 patients with OS AD + ACD, 44
(55.7 %) were identified as overweight and prediabetic and
became the subject of this study.

Given the chronic inflammation and oxidative stress that
occurs in both metabolic syndrome and OS AD + ACD, it
is urgent to integrate appropriate diet therapy and physical
activity into the management scheme of this category of pa-
tients. After all, the normalization of lipid and carbohydrate
metabolism creates conditions for reducing the intensity of
chronic inflammation while simultaneously reducing the
activity of chronic oxygen species, which play one of the key
roles in the disruption of the skin barrier and recurrence of
chronic allergic dermatoses.

Conclusions

Metabolic syndrome is a prerequisite for the occurrence
of chronic inflammation and can be a risk factor for the de-
velopment of widespread allergic dermatoses, and can also
affect their clinical course, provoking relapses.

For patients with AD and ACD OS who are overweight,
it is advisable to conduct lipidograms and screening for gly-
cemic indicators in order to establish probable disorders of
lipid metabolism and prediabetes and adjust the treatment
regimen accordingly.

The proposed algorithm for the management of patients
with AD and ACD OS who have metabolic syndrome and
prediabetes is effective, as evidenced by the obtained data on
glycemic indicators and lipidograms in dynamics, as well as
the results of the EASI clinical index assessment.
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" HQLOHQABHWI YHIBEPCUTET OXOPOHM 3A0POB S YkpQiHm imeHi .. LLyrka, m. Kuis, YkpaiHa
2 HauioHanbHW MeanyHu yHiBepcuteT imeHi O.O. boromMonsLsi, M. Kuis, YkpaiHa

NepexpeCcHn CUHAPOM ATOMNIYHOTO AEPMATUTY TA AAEPriYHHOTO KOHTAKTHOTO AEPMATUTY:
MEeTABOAIYHI acneKTU

Pe3tome. Axmyaavnicms. OctanHiMu poKaMu aKTUBHO TIPOBO-
NSThCS TOCTIIXKEHHsI B3aEMO3B’SI3KiB ajJlepriyHuX 3aXBOPIOBaHb
MIKip¥, 30KpeMa aTormiyHoro aepMatuty (A/l) Ta ajsepriguHoro
KoHTakTHOTrO Aepmaruty (AK/L), i3 MeTaboiuHUMU TTOPYIIEHHS -
MH. BecraHOBIIEHO, 1110 IIYKPOBUI AiabeT 2-ro TUITY MOXe 301J1b-
LIYBaTH pU3UK po3BUTKY AJl. 3amaseHHs it OKCUIATUBHUI CTpecC,
SIKi CTIOCTEPIraloThCs IIPU METa0OTITHOMY CUHIPOMI, BUSIBUJIACS
Hepo3puBHO noB’s13aHuMu 3 AK/I, amke akTBHI (popMU KMCHIO
OepyThb yJacTh y IOYATKOBIiil cCeHCUOLTi3allii 10 ajlepreHy, a TaKox
Yy PO3BUTKY MAaTOT€HHUX aJiepriyHuX peakuiil. Mema: BUBYUTHU
KJIiHiYHY e(eKTUBHICTh JiKyBaHHS oBepJamn-cuHapomy (OC)
aTOMIYHOTrO AEPMATUTY i aJIeprivHOTO KOHTAKTHOTO JAEPMATUTY
B MALi€HTIB i3 MeTaOOJiYHUMU MOpYLIEeHHsIMU. Mamepiaau ma
memoodu. IlpoBeneHe KOMILIEKCHE JiKyBaHHs nauieHTiB 3 OC
AJl Ta AK/L, sIKi Maiu TOpyIIEHHS IIiKeMii Ta JIiIiIHOTO OOMiHY.
Jlo nouaTKy Teparii, yepe3 1 Ta 3 micsui BUBYAIM Jinigorpamy,
MOKAa3HUKM TJIIOKO3M i TIiKOBaHOTO reMoryo0iHy HaTmie. Ta-
KOX TIPOBOIMJIM OLIIHKY 3a iHAEKCOM ITOIIMPEHOCTI i TSXKKOCTI
ex3emu (EASI). Pesyasmamu. [licns nipu3HadyeHHS JIIKyBaHHS
BU3HAavajaacsl TEHICHIisI 1O 3HMUKEHHS PiBHIB IJTIOKO3U KPOBi
(36,80 £ 0,18 Mmmosb/i 1o 5,20 = 0,11 MMousb/1) Ta TIiKOBa-

Horo remMonio6iny (3 6,40 £ 0,22 % no 5,10 £ 0,16 %) 3 1-ro 1o
3-ro Micsl1sl CoCTepeKeHHsI, TAKOXX HOpMasli3yBaJMCsl MOKa3-
HUKU JiMigorpaMu: 3MEHIIyBajlacsl KOHILEHTpallisl 3arajJbHOro
XOJIECTepUHY, TPUTJILIEPUIiB, JITOMPOTEiHiB HU3bKOI IITITBHOCTI,
HaTOMIiCTb PiBeHb JIMOMNPOTEiHiB BUCOKOI IIIIBHOCTI MPOIEMOH-
CTpyBaB TeHCHIIiIO 10 3pocTtaHHs. Ominka 3a iHgekcom EASI
rokasasa, 1o 10 MOoYaTKy JIiKyBaHHS YpaXKeHHs JIETKOTO CTyTie-
Hst 6yau B 11 (25,0 %) nauienTis, cepennboro — y 17 (38,6 %),
a MMMUTOMAa Bara XBOPHUX i3 TSKKUMU i MOMIMPEHUMHU YpaXkKeH-
HsMu cTaHoBuaa 18,2 %. HanpukiHii nepioqy MOHITOPUHTY Yy
20 (45,5 %) ocib siBHUX KJIiHIYHUX MPOSIBIiB 3aXBOPIOBAHHS He
oyio, y 20 (45,5 %) — crnocTepiraaucst ypakeHHs JJerKOro CTy-
neHs1, y 6 (13,6 %) — cepenHboro, y 4,6 % — TSIKKi i TOIIUPEHI.
Bucnoeru. 3ariporioHOBaHM aJITOPUTM MEHEIKMEHTY XBOPUX HA
OC Al + AK]I, ki MaroTh MeTabOJIiYHMIT CUHIPOM i CTaH TIpe-
niabety, € e(peKTUBHUM, TPO 1110 CBiTYaTh MOKA3HUKHU TJTiKeMil Ta
JlinigHoro npodiiaio B AMHAMIL, a TAKOX Pe3yJIbTaTh OLiHKU 3a
iHmekcom EASI.

KirouoBi ci1oBa: aromniunuii nepMaTuT; anepriyHuii KOHTAKTHUIA
IIepMAaTUT; OBEpJIall-CUHIPOM; MeTaOOIiYHi ITOPYIIEeHHS; TIpeaia-
OeT; Jimimorpama
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Predictors of diabetes distress in patients
with type 2 diabetes mellitus

Abstract. Background. Diabetes-related distress (DRD) is a psychological syndrome with poor prognosis in uncon-
trolled diabetic patients. The risk of DRD progression is increased by uncontrolled DM, development of complications,
concomitant medical conditions, and complex treatment regimens. There is limited data regarding the predictors of
DRD in people with type 2 diabetes mellitus (T2DM). The study purposed to determine the predictors of diabetes
distress in adult people with T2DM in Ukraine. Materials and methods. In a cross-sectional study, patients with
T2DM on pharmacotherapy for at least 1 year were evaluated. A survey was conducted using the Diabetes Distress
Scale (DDS-17). Clinically meaningful data regarding diabetes complications, anthropometry, and biochemical pa-
rameters were recorded. Results. One hundred and thirty people completed the study (mean age 56.3 + 8.9 years,
57 % males). Overall, 96 (73.9 %) patients had diabetes distress (mean DDS-17 score = 2). Clinically significant
diabetes distress (CSDD) that requires a physician’s attention (mean DDS-17 score = 3) was detected in 48 (36.9 %)
of the study participants. The mean glycated hemoglobin (HbA1c) was significantly higher in patients with CSDD
(10.18 + 2.17 vs. 7.83 = 1.16; p < 0.01). Both microvascular (retinopathy (33.1 vs. 5.4 %, p < 0.001), neuropathy
(70.8 vs. 29.2 %; p < 0.001), nephropathy (39.2 vs. 6.8 %, p < 0.05)) and macrovascular complications (coronary
artery disease (36.9 vs. 6.8 %, p < 0.001)) significantly correlated with CSDD. Medication adherence was significantly
lower in patients with CSDD (p < 0.05). An increased number of insulin injections increased body mass index and
HbA1c, and the presence of nephropathy was independent predictor of CSDD. Conclusions. Diabetes distress is
a common comorbid condition in people with T2DM. CSDD had a significant correlation with poor glycemic control,
higher body mass index, presence of nephropathy, and higher number of insulin injections.

Keywords: type 2 diabetes mellitus; diabetes-related distress; diabetes complications; retinopathy; neuropathy;
nephropathy; coronary artery disease

Intfroduction DM one of the most common non-communicable di-

Type 2 diabetes mellitus (T2DM) is a chronic condi-
tion characterized by long-term treatment, weight gain,
diet changes, fear of insulin injections, hypoglycemia, and
complications [1]. DM affects an estimated 537 million
adults worldwide between the age of 20 to 79 (10.5 % of
all adults in this age range). By 2030, 643 million people
will have diabetes globally, increasing to 783 million by
2045 [2].

The conflict and violence that followed the military in-
vasion of Ukraine in late February, 2022, has already left
substantial scars on the population [3, 4].

seases requires ongoing medical treatment and multifactorial
risk-reduction strategies along with strict regulation of glyce-
mia [5]. Poor glycemic control engenders vast complications
that can manifest either as macrovascular complications or as
microvascular complications [6, 7]. The progression of the
complications can be delayed by achieving the target glycemic
goal through improving patient medication compliance and
enhancing awareness about self-management behaviors [8].
Diabetes-related distress (DRD) is an emotional response
characterized by anxiety, discomfort, and dejection [5, 9]. It leads
to poor glycemic control, lower adherence to antihyperglycemic
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regimens, and deficit in self-care behavior, increasing the risk of
long-term complications and poor quality of life [ 10]. DRD, the
most common psychological comorbid condition. Encompasses
various negative feelings as worrying, frustration, and depen-
dency among T2DM [11, 12]. The manifestation of DRD can
be elucidated by patients’ emotional response to the diagnosis,
the menace of complications, apprehension about support and
access to care, and the multi self-management strategies as fre-
quent monitoring of blood glucose, regular follow up with both a
healthy dietary plan, and physical activity. It is further associated
with detrimental consequences as it impedes the achievement of
optimal therapeutic outcomes, impairs appropriate self-care and
hinders medication adherence [13].

Risk of DRD progression is increased by uncontrolled DM,
development of complications, concomitant medical condi-
tions, and complicated treatment regimens [ 11, 14]. In addition
to the disease burden, there are other factors that heighten the
risk of DRD as lower level of education, younger age, sedentary
life, unhealthy diet, and poor self-care behavior [15, 16].

Diabetic patients suffer from both DRD and depression
where DRD is viewed as a predisposing factor for depression [17].
Several studies have shown that depression and DRD can inter-
rupt self~-management, impair glycemic control, increase the risk
of complications and, mortality, and decrease the quality of life.

Two questionnaires were developed to assess DRD, the
Problem Areas in Diabetes (PAID) questionnaire and the
Diabetes Distress Scale (DDS-17) [18]. Both questionnaires
have their advantages in appraising DRD, but the DDS-17
is more precise and has an improved questionnaire struc-
ture compared with PAID [18]. Since participants with DM
are susceptible to develop microvascular and macrovascular
complications and psychological manifestations, and are at
higher risk to have distress so, we conduct this study among
patients with T2DM.

There is limited data regarding the of DRD in Ukrainian
people living with T2DM.

The purpose of the study was hence to determine the
predictors of diabetes-related distress and its association with
glycemic control, complications of T2DM, and adherence
to antihyperglycemic medications, in patients with T2DM
from Ukraine.

Materials and methods

A cross-sectional survey was carried out between Septem-
ber 2024 and February 2025 enrolling 130 diabetic patients
from Ukrainian regions (Kyiv, Kharkiv, Chernivtsi). To be
eligible for participation, individuals had to be Ukrainian
citizens who were T2DM patients, 30 years of age or older,
regardless of gender with diagnosis of at least one-year du-
ration at the time of enrolment, on antidiabetic medication
and/or on insulin therapy (those requiring medical inter-
vention for the correction of glycemia) for at least 1 year and
with absence of diagnosis of depression/anxiety before the
diagnosis of T2DM (not on any antidepressant or anxiolytics
medication). Once participants provided their digital in-
formed consent, they were asked to complete a set of instru-
ments. These instruments were presented in a pre-randomi-
zed sequence to mitigate any potential order-related effects.
The survey was conducted anonymously, and participants
willingly took part without receiving any compensation.

Excluded participants were individuals with diabetes other
than T2DM (type 1 diabetes, pancreatic diabetes, secondary di-
abetes, gestational diabetes), and people with current psychiatric
disorder (having diagnosed depression on anti-depressants or
anxiolytics treatment or other psychiatric medications).

The study protocol was approved by the Research and
Ethics Committee of the Ukrainian Scientific and Practical
Center of Endocrine Surgery, Transplantation of Endocrine
Organs and Tissues of the Ministry of Health of Ukraine.
Participation was voluntary and informed consent was ob-
tained from all participants before filling the questionnaire.
Privacy and confidentiality of participants were respected.

The self-administered questionnaire was in Ukrainian
and required approximately 15—20 min to complete. The first
section of the questionnaire covered the sociodemographic
factors, including gender, age, weight, and height. Body mass
index (BMI) was calculated using the weight and height.
The second section consisted of the DDS-17 score. It was
developed by W.H. Polonsky et al. [19] and was translated
into the Ukrainian language.

DDS-17 was used for the diagnosis of diabetes distress as
they have shown to be the most popular, reliable, and sen-
sitive to detect distress in T2DM patients. DDS includes 17
items measuring four dimensions: emotional burden (EB, 5
items), physician-related distress (PD, 4 items), regimen-re-
lated distress (RD, 5 items), and diabetes-related interper-
sonal distress (ID, 3 items). These items use a six-point
Likert scale ranging from 1 (no distress) to 6 (high distress).
A total score is calculated by adding the 17 items and dividing
the sum by 17. Higher scores indicate greater distress. For
all analyses related to diabetes distress, the mean score of
DDS-17 was taken into consideration in the present study.

Statistical analysis was performed with the help of Epi
Info™ 7.2.2.2. Epi Info is a trademark of the Centers for Di-
sease Control and Prevention (CDC). The results were pre-
sented as means * standard deviations (SD). For categorical
variables (retinopathy, nephropathy, neuropathy), proportions
and frequencies were reported. Associations between catego-
rical variables were assessed using the chi-square ()?) test. Lo-
gistic regression analysis was used to examine the association
between diabetes distress and the occurrence of complications
(retinopathy, nephropathy, and hypoglycemia). The strength
of associations was expressed as odds ratios (ORs) with corre-
sponding 95% confidence intervals (Cls). A P value of < 0.05
was considered statistically significant for all analyses.

Results

130 consecutive people living with T2DM between 32 and
77 years of age were included. The mean age (mean £ SD)
of the participants was 56.3 £ 8.9 years. Out of the total par-
ticipants, 59 % were males.

The duration of T2DM was > 10 years among 58.5 % of
the patients. Mean (+ SD) fasting blood glucose (FBG),
post-prandial blood glucose (PPBG), and HbAlc of study
participants were 7.89 + 2.53 mM/L, 11.54 £ 2.79 mM/L
and 8.85  1.93 % respectively. The diabetes-related micro-
vascular complications nephropathy, retinopathy, and neu-
ropathy were seen in 20.8, 29.2, and 54.6 % of participants,
respectively; while a history of coronary artery disease (CAD)
was reported in 31.5 % of participants.
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Overall, 96 (73.9 %) of study participants had DRD.
Clinically significant diabetes distress (CSDD) (DDS-17
mean score > 3) was observed in 48 (36.9 %) of the study
participants. All the further correlations and other analyses
related to DRD have been done with CSDD in our study.

The mean HbAlc was significantly higher in participants
with CSDD (10.18 £ 2.17 vs. 7.83 £ 1.16 %; p < 0.01). Both
microvascular (retinopathy (33.1 vs. 5.4 %; p < 0.001), neuro-
pathy (70.8 vs. 29.2 %; p < 0.001), nephropathy (39.2 vs.
6.8 %; p < 0.05)) and macrovascular (coronary artery disease
36.9vs. 6.8 %; p < 0.001) complications were significantly cor-
related with CSDD. Medication adherence was significantly
lower in patients with CSDD (p < 0.05). An increased number
of insulin injections increased BMI and HbAlc, and the pres-
ence of nephropathy were independent predictors of CSDD.

Binary logistic regression was assessed with all the vari-
ables likely to influence diabetes distress (age, sex, smoking,
duration of DM, number of oral diabetes medications used
per day, number of hypoglycemia events per year, number of
insulin injections per day, HbAlc, body mass index (BMI),
presence of end-organ damage like CAD, neuropathy, ne-
phropathy, retinopathy, number of self-monitoring of blood
glucose per week and diabetes education). Variables with P
values less than 0.2 were included in the final model. Age
(0.078), gender (0.092), number of insulin injections per
day (< 0.001) had P value 0.001, CAD (0.082), nephropathy
(0.017), retinopathy (0.064), BMI (0.04), and HbAlc (< 0.01)
had P value < 0.2 and were included in multivariate binary
regression. Binary logistic regression analysis revealed an in-
crease in the number of insulin injections per day, an increase
in BMI and HbAlc, and the presence of nephropathy were
significantly associated with increased occurrence of CSDD.

Discussion

DRD is a common health issue that frequently accom-
panies DM [20]. Our study showed that a noted percentage
of participants had moderate to high DRD, with emotional
distress being the most common type of distress (73.9 %).

Our study found a high prevalence of CSDD in adults
with T2DM, which was linked to poor glycemic control and
higher diabetes complications. CSDD was associated with
increased insulin therapy and lower medication adherence.
Increased number of insulin injections, BMI, HbAlc, and
nephropathy were independent predictors of CSDD.

In our study, the prevalence of CSDD was 36.9 %, which
is comparable to what is reported in previous studies (18—
35 %) [16, 17]. Chronic diseases like diabetes often cause ap-
prehension, discomfort, and difficulty in adjusting to a new
lifestyle and daily drug use. Like in our study, other studies
have also shown poor glycemic control to be associated with
DRD [18, 19]. Studies have clearly shown DRD to be a bet-
ter predictor of poor glycemic control than depression in
people with T2DM [20]. Diabetes complications have been
consistently shown to predict diabetes distress in individuals
with T2DM in several previously published studies [21, 22].

Our study revealed that increased obesity (BMI) is a sig-
nificant predictor of CSDD. Obesity is linked to end-organ
damage, sleep apnea, and impaired sleep, poor quality of life,
and DRD [23]. Additionally, increased hypoglycemia and in-
sulin injections contribute to CSDD. The severity of DRD is

influenced by the underlying disease state. These results were
in accordance with a study conducted in other countries |5,
23]. This study showed that emotional-related distress had
the highest prevalence among the DRD subscales, followed
by regimen-, physician-, and interpersonal-related distress.

Our study showed that participants who are obese had
more emotional distress. Obesity might be associated with
total distress since obese people may have poor body esti-
mation and require extra attention in diets, exercise, and
weight-loss medications; all of these variables may exacerbate
their mental health [24, 25].

As a higher level of HbAlc reflects treatment failure and this
could be attributed to more distress [26, 27]. Our study revealed
that young patients who’s (age is between 32 and 45 years) had
more interpersonal distress, but for the other sub-scores, it was
more common among older participants (age > 50 years).

Our study did not assess the mental and physical health
in the recruited participants population, and we did not cor-
relate it with socioeconomic and sociodemographic charac-
teristics. This study was the first of its kind to be conducted
in Ukraine to study the association between patients’ cha-
racteristics and DRD.

A few limitations of this study need to be mentioned.
First, the lack of evaluation of a control group is a limita-
tion of this study. The inclusion of limited participants, sin-
gle-center settings, and interview sheet-based questionnaires
may introduce bias and limit generalizability. However, the
study has enough power to demonstrate that the sample size
was sufficient to detect significant associations, particular-
ly between HbAlc and CSDD, as well as to identify other
predictors. Multicenter studies involving a large number of
subjects are further needed to validate our findings.

Conclusions

The prevalence of DRD is high in Ukraine. CSDD was
significantly correlated with a longer duration of T2DM,
poor glycemic control, lower medication adherence, and
higher diabetes complications. Increased number of insulin
injections, BMI, HbAlc, and nephropathy predicted CSDD.

Timely diagnosis and effective management of DRD
can improve glycemic control, and medication adherence,
decrease complications, and improve quality of life in people
living with T2DM.
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MaHbkis B.1.", KD3seHko T.KO.", Bactok B.A.2 MacasHko B.A.2, KoBans C.M.*
" AHI «YKpQiHChK HQYKOBO-MOAKTUYHUN LIEHTP EHAOKPUHHOI XipYypPril, TOQHCHIAQHTALT €HAOKPUHHX OPraHiB | TKAHWH

MO3 YkpaiHum», M. Kuis, YkpaiHa

2 ByKOBUHCBK ASPIKABHU MEAVNYHA YHIBEpCUTET, M. YepHiBuj, YkpaiHa
3 Aep>kaBHQ yCTAHOBA «HALIIOHAAbHWY IHCTUTYT Tepanii imeHi A.T. MaAoi HauioHAAbHOI QKaAEMIl MeANYHX HAYK YKPQiHW»,

M. Xapkis, YkpaiHa

MpeAVKTOpPU AIQGETUYHOTO AUCTPECY B MALLIEHTIB
i3 LYyKpoBUM Aia6eTom 2-ro Tuny

Pe3wome. Axmyaavnicms. Juctpec, MoB’a3aHuii i3 giaGeTom
(miabeTMYHUIT TUCTpeEC), — 1Ie IMCUXOJOTIYHUN CUHAPOM, IO
XapaKTepU3YEThCSI MOTAaHUM IMPOTHO30M Y MAlli€EHTIB i3 HEKOHT-
posnboBaHUM 1yKpoBuM aiabetom (LIJ1). Pusuk nporpecyBaH-
HST 1ia0eTUIHOTO TUCTPECY MiABUIILYETHCS MPU IeKOMIIeHCcAIlii
LIJI, po3BUTKY yCKJIaTHEHb, HASIBHOCTI CYIyTHIX 3aXBOPIOBaHb
i CKJIaIHUX cXeMax JIiKyBaHHs. JlaHUX 11010 MPeIuKTOPiB dia-
GetnyHOro aucrtpecy B oci6 i3 /1 2-ro tuny (LI/12) HemocTaT-
HbO. Mema: BU3HAYUTHU TIPEAUKTOPU TUCTPECY, TTOB’SI3aHOTO 3
niabetom, y nopocnux oci6 i3 LI12 B Ykpaini. Mamepiaau ma
Mmemoou. Y mepexpecHOMY IOCIIIKeHHI 00CcTexeHi ocobu 3
/12, axi oTrpumyBanu apMakoTeparnito MpOTIroM MpuHaiM-
Hi omHOTO pOKYy. [IpoBeneHo aHKeTYBaHHS 3 BUKOPUCTAHHSIM
IIKaJIM AUCTpecy, moB’s13aHoro 3 giaderom (DDS-17). Peectpy-
BaJIM KJIIHIYHO 3HAuyllli JaHi 11100 MiKpO- i MAaKpOCYAMHHUX
yckiianHeHb 11JI, aHTponmoMeTpuyHi Ta 6ioXiMiuHi mapamMeTpu.
Pezyasmamu. locninxenns 3asepiiniun 130 oci6 (cepenHiii Bik
56,3 £ 8,9 poky, 57 % uvonogikiB). 3aragom 96 (73,9 %) naiieHTiB
MaJiu giabeTMUHUM aucTpec (cepeaHiit 6an 3a mkanowo DDS-17
> 2). KniniuHo 3Hauymuit niabetnanuit nuctpec (K3J1/1), mo

rnoTpedye yBaru Jikaps (cepenHiii 6ain 3a mkanoo DDS-17 > 3),
crioctepiraBes B 48 (36,9 %) yuacHukiB nocnimkeHHs. CepenHiit
piBeHb IIiKoBaHOTo remorio6iny (HbAlc) OyB BiporinHoO BUIIUM
B oci6 i3 K3/ (10,18 + 2,17 npotu 7,83 £ 1,16; p < 0,01). Sk
MikpoBackysipHi (petuHomnarist (33,1 npotu 5,4 %; p < 0,001),
Hetipomatist (70,8 mpotu 29,2 %; p < 0,001), Hedpomaris (39,2
npotu 6,8 %; p < 0,05)), Tak i MAKpOBACKYJISIPHI YCKJIaAHEHHS
(imremiuyHa xBopoba cepist (36,9 mpotu 6,8 %; p < 0,001)) Bi-
porinmHo KopemoBayu 3 HasiBHicTIo K3/1/1. JloTpuMaHHST cxeMu
JIiKyBaHHS OyJi0 3HAaUHO HIkIuM y namieHTiB i3 K3 (p < 0,05).
Binbiia KinbKicTb iH’ €KUM iHCYTiHY TPU3BOAMIIA 10 30iIbIICH-
HS iHAeKCYy Macu Tiia i piBHsS HbAlc, a HasgBHICTh HedponaTii
oyna HezanexxHuM nipeauktopom K3/1J1. Bucnosku. [liabeTnaHmit
IUCTPEC € MOIIMPEHUM CYITyTHIM cTaHOM B oci6 i3 LIJ12. K31/1
BipOTiZHO KOpEJIO€ 3 HE3aMOBIIbHUM TJIiKeMiYHUM KOHTPOJIEM,
BUIIIMM iHIEKCOM MacH Tijla, HassBHiCTIO HedponaTii Ta GiIbIIO0
KITBKICTIO iH’ €Kil IHCYITiHY.

KirouoBi citoBa: uykposuii giaGer 2-ro Tuiy; giaGeTUYHUI 11~
CTpecC; YCKJIaAHEeHHS OiabeTy; peTUHOMATIsI; HelipomnaTisi; Hedpo-
narist; ilmeMiyHa XBopooa cepist
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Smart diabetes management:
remote monitoring and
predictive health insights

Abstract. The article explores how modern technology is revolutionizing diabetes care by integrating conti-
nuous glucose monitoring (CGM), predictive analytics, and remote healthcare solutions. With over 500 million
people globally affected by diabetes, and rising prevalence in countries like Ukraine, effective and adaptive
management is critical. The goal of this paper is to present how modern technologies, specifically the GluComp
platform, enhance diabetes management by integrating continuous glucose monitoring and personalized ma-
chine learning models. It aims to demonstrate how real-time data, predictive analytics, and modular design
enable proactive and adaptive care for patients with diabetes. Traditional diabetes monitoring methods, such
as fingerstick blood tests, are limited in providing real-time data. Newer CGM technologies like Dexcom and
Freestyle Libre enable continuous, non-invasive monitoring of glucose levels, producing time series data es-
sential for detecting patterns and predicting dangerous fluctuations (hypo- or hyperglycemia). The use of deep
learning and neural network algorithms enhances the accuracy of these predictions by capturing complex data
trends over time. A key innovation discussed is GluComp, a modular digital health platform designed to improve
diabetes management. GluComp integrates CGM systems with personalized machine learning models to deliver
real-time alerts, predictive insights, and adaptive care. It supports offline functionality for rural or under-re-
sourced areas, and offers intuitive dashboards for patients and healthcare providers, boosting engagement
and treatment adherence. The article also addresses the challenges in Ukraine’s healthcare system, espe-
cially for diabetes patients in economically disadvantaged or rural areas, where access to CGMs and insulin
pumps is limited due to high costs. Despite these challenges, progress is being made through public health
initiatives, mobile health apps, and government support programs aimed at increasing awareness and access
to care. Special attention is given to the military population, for whom CGM technology could be critical due
to high physical and psychological stress levels, irregular routines, and limited access to immediate medical
care. Implementing CGM in military settings could enhance operational readiness and transfer innovations to
civilian healthcare. Smart diabetes management using platforms like GluComp — through real-time monito-
ring, predictive modeling, and personalized care — is a transformative step in chronic disease management.
It holds promise for improving outcomes, reducing complications, and enhancing quality of life, especially when
adapted to meet the needs of underserved populations.

Keywords: diabetes mellitus; remote monitoring; personalized approach; health care; modular digital health
platform GluComp; review
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Introduction

Diabetes mellitus (DM) is a public health priority with a
global prevalence estimate of approximately 450 million peo-
ple affected and the numbers are rising [1]. DM is one of the
most common chronic diseases today, which requires constant
monitoring of blood glucose levels to prevent complications
and maintenance of patients’ quality of life. Diabetes is a com-
plicated condition which can take many different forms |2, 3].

In addition, millions of people in low-income regions
experience DM complications and an accompanying reduc-
tion in general well-being [4], which creates a ripple effect
through multiple sectors of the economy [5]. In low-income
countries, in particular, DM management can be significant-
ly complicated by a lack of access to modern medications, the
necessary equipment for glucose monitoring, and a lack of
educational programs for the population on proper disease
management. The lack of effective treatment and control
can lead to an increase in deaths and serious complications
among patients with DM in such countries [6].

One of the main problems is that the treatment of DM
requires a multifaceted approach, which includes not only
drug treatment, but also lifestyle changes, diet and regular
physical activity. Traditional methods of monitoring, such as
periodic invasive measurements, can be inconvenient and do
not provide the possibility of continuous monitoring dynamics
of glucose levels. Modern technologies, particularly systems of
continuous glucose monitoring (CGM) [7] and digital health
systems [8], allow to receive measurements in real time, which
forms time series of indicators. Analysis of these time series
is key to understanding individual trends in glucose levels [9]
and prediction of possible hypo- or hyperglycemic states. The
use of deep learning algorithms [ 10] creates new opportunities
for accurate prediction of glucose levels based on time series.
These models allow to effectively take into account complex
nonlinear dependencies and long-term relationships in data
that are important for adaptive and personalized predictions.
Integration of continuous glucose monitoring systems such as
Dexcom [11] and Freestyle Libre with mobile devices not only
provides access to dynamics of the glucose level [12], but also
allows for quick analysis of data for using neural networks. This
creates the possibility of implementing personalized decision
support systems [ 13] capable of timely alerts and insights about
potential health risks [14]. A combination of time series ana-
lysis, neural network algorithms [15] and mobile technology
forms new approaches to diabetes management, contributing
to increasing the accuracy of forecasting and improving the
quality of life of patients.

The purpose of this paper is to present how modern tech-
nologies, specifically the GluComp platform, enhance dia-
betes management by integrating continuous glucose moni-
toring and personalized machine learning models. It goals
to demonstrate how real-time data, predictive analytics, and
modular design enable proactive and adaptive care for pa-
tients with diabetes.

State of DM monitoring
and treatment in Ukraine

DM is one of the largest medical and social problems
in Ukraine. According to reports, Ukraine has a significant
number of people with undiagnosed diabetes, which makes

early detection and management critical. According to the
Ministry of Health, 531,200 new cases of DM were regis-
tered in 2023, which is a significant increase compared to
489,934 cases in 2022 [16]. The state of DM monitoring
and treatment in Ukraine has seen some progress in recent
years, but it still faces significant challenges, particularly
due to limited resources and infrastructure in the healthcare
system [17].

DM is primarily diagnosed through blood tests like fas-
ting glucose and HbAlc, which are available at most hos-
pitals and clinics. For effective control of diabetes, it is im-
portant to regularly check blood glucose levels, as well as
glycosylated hemoglobin (HbAlc), which reflects the average
glucose level over the past 8—12 weeks [18]. However, routine
monitoring of blood glucose levels at home can be a financial
challenge for many people living with diabetes in Ukraine.
Additionally, continuous glucose monitoring (CGM) tech-
nology, which is crucial for improving diabetes management,
is available in Ukraine and other countries, but is often out
of reach for many patients due to high cost, both in Ukraine
and other countries [19]. Regular screening for DM is carried
out in Ukraine, especially among children from risk groups,
starting from the age of 10, with a frequency of every two
years [20]. Screening during pregnancy is also recommended,
especially for women with risk factors [21].

Moreover, in today’s conditions of armed conflicts and
high physical and psychological stress, maintaining a stable
state of health of military personnel is critically important.
One of the current medical problems that has a direct impact
on the combat capability and general functional state of the
military is DM and impaired glucose metabolism. In this
regard, individual monitoring of glucose levels in military
service is of particular importance.

Modern technologies, such as CGM, allow real-time
monitoring of blood glucose fluctuations, detection of
hypo- and hyperglycemic episodes and prevention of com-
plications. Research into the effectiveness of individual
glucose monitoring in the military will allow: to improve
the quality of medical support for the Armed Forces of
Ukraine and other armies around the world; to assess the
feasibility of using CGM systems as part of standard medi-
cal equipment; to develop recommendations for the preven-
tion and timely correction of hypoglycemia/hyperglycemia
in the military; to reduce the risk of complications and
maintain the combat readiness of personnel. In addition,
the introduction of innovative technologies in the field of
military medicine will contribute to the transfer of advanced
developments to civilian medicine, which will positively
affect the nationwide level of combating DM. Research
into individual glucose monitoring in the military is not
only relevant, but also strategically important. It will allow
adapting existing technologies to the needs of a specific
contingent, increasing the level of DM prevention and con-
trol, and reducing the number of acute medical conditions
in a combat zone or in field conditions.

The Ministry of Health of Ukraine is actively working to
increase public awareness of DM, its prevention and mana-
gement. Since DM is a chronic disease that requires constant
monitoring and attention the Ukrainian healthcare system is
actively working to improve the monitoring, diagnosis and
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treatment of diabetes. Fortunately, modern technology has
not bypassed this problem, and offers many mobile applica-
tions that can become faithful helpers in this fight.

Manual DM management

The state of diabetes monitoring and treatment in
Ukraine is characterized by both progress and challenges.
While the country has made strides in improving access to
care and medications, significant gaps remain, particularly in
rural areas. The healthcare system continues to face obstacles
such as economic instability, inconsistent supply of medica-
tions, and a need for more comprehensive patient education.
Addressing these issues will be key to improving the quality
of life for people with diabetes in Ukraine and ensuring more
effective long-term management of the disease.

There are some tests are required for diagnosing diabe-
tes: fasting blood glucose (FBG), oral glucose tolerance test
(OGTT), glycated hemoglobin (HbAlc) test.

An additional negative contribution to overall high risk
of disease in urban inhabitant added by higher frequency of
diabetes heredity, insufficient of physical activity and unba-
lanced diet [22, 23].

Ukraine has a universal healthcare system, and diabetes
care is generally available through public healthcare facilities.
However, access to modern treatments and technologies (like
insulin pumps or CGMs) may be limited, especially in rural
areas. There are specialized clinics and hospitals in major
cities like Kyiv, Lviv, and Kharkiv where patients can receive
comprehensive diabetes care, including endocrinology con-
sultations, blood sugar monitoring, and specialized training
for managing the condition. To date, a significant number
of studies have looked at single nucleotide polymorphisms
(SNPs) in various candidate genes that are associated with
the development of diabetes and its complications [24, 25].

The Ukrainian government, alongside non-profit or-
ganizations, conducts campaigns to raise awareness about
diabetes prevention, especially type 2 DM. In Ukraine, the
healthcare system has faced challenges in terms of resources,
access to medications, and modern technologies, particu-
larly in rural or economically disadvantaged areas. With
the advancement of digital health, medicine has become an
emerging tool in Ukraine for managing chronic conditions,
including DM. Remote monitoring, especially during the
COVID-19 pandemic, has allowed patients to consult with
healthcare providers without needing to travel long distances.

In summary, the diagnosis and treatment of DM in
Ukraine involve a combination of clinical evaluation, lifestyle
changes, and medications. The country is making progress
in diabetes management, though there are still significant
challenges, particularly in terms of accessibility to advanced
care and technologies.

DM monitoring technology in Ukraine is still developing.
Basic glucometers are widely available, but CGM systems,
which are crucial for more precise and effective management
of diabetes, remain out of reach for most patients due to their
high cost. Although CGM technology is gradually being
introduced in the country, it remains inaccessible for many,
particularly those in lower-income brackets or rural areas.
Improving access to affordable glucose monitoring systems
is a critical step toward better diabetes management.

DM management with CGM

Continuous glucose monitoring systems (CGMs) have
revolutionized the approach to DM treatment by enabling
real-time monitoring of glucose levels. Systems such as
Dexcom, FreeStyle Libre, and Eversense traditionally in-
tegrate with mobile applications like XDrip and Juggluco,
providing patients and medical professionals with detailed
insights into glucose level trends. This section considers the
characteristics of CGM data, the general problems and nu-
ances related to the processes of collecting and processing
such data, and their significance for predicting tasks related
to glucose levels.

CGM devices continuously monitor the interstitial glu-
cose level using minimally invasive sensors. These sensors
usually record glucose readings every 5 minutes (in some
cases, every minute) resulting in 288 (or 1440) data points
per day.

User apps like XDrip and Juggluco make it easy to vi-
sualize and analyze these time series data sets, which makes
it possible to conduct retrospective analysis and decision-
making in real-time (digital diabetes journals) [26].

The nature of the time series of the CGM data shows the
decisive dynamics of the glucose level, in particular:

— trends, i.e. a gradual increase or decrease associated
with food intake, insulin administration [27], heart rate [15]
or physical activity. Even at identical external conditions,
each person has an amplitude of oscillation, trends and
thresholds will vary;

— abnormalities such as sudden jumps or falls that in-
dicate hypoglycemia or hyperglycemia events, often caused
by factors such as diet, stress or sensor calibration problems.

Modern CGM systems are implemented with the possi-
bility of uninterrupted transmission of data to mobile devices
via the Bluetooth channel. This integration makes it easier
to implement real-time patient alerts and trend tracking.
Open-source tools like Juggluco significantly simplified the
process of aggregating data from sensors, making them avai-
lable to a wider range of users and developers. This allows
users to integrate CGM data from various sources into their
own applications or systems, providing greater flexibility and
personalization in glucose monitoring.

However, manufacturers of CGM devices, such as the
Freestyle Libre, are constantly working on strengthening
access control to their data. With each new version additional
authorization and protection mechanisms are introduced
to the device, which limits the possibility of obtaining data
by third-party applications. This creates certain barriers for
independent software developers, making access difficult to
data without official manufacturer support. This policy is
often explained by security and privacy considerations, but at
the same time, it reduces opportunities to create innovative
solutions based on this data.

Health data aggregation platform
for precise glucose level prediction

The integration of real-time health data aggregation plat-
forms marks a significant advancement in diabetes mana-
gement. By harnessing data streams from CGM devices,
wearable health trackers, and external applications, these
platforms enable a unified view of a patient’s health metrics.
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These innovations not only empower users to take proactive
measures but also provide healthcare professionals with ac-
tionable insights to refine treatment strategies [28].

Existing glucose
data aggregation solutions

The concept of glucose monitoring has evolved significant-
ly over the years, transitioning from basic blood glucose meters
(BGM) to integrated continuous glucose monitoring iICGM)
systems. Initial BGM devices provided single-point readings
that required manual intervention and frequent calibration. As
technology advanced, CGM devices emerged, offering real-
time monitoring capabilities that greatly improved diabetes
management. These were followed by RT-CGM (real-time
CGM) systems, which provided live data streaming and cus-
tomizable alerts, allowing for proactive glycemic control.

The latest innovation, integrated CGM (iCGM), com-
bines sensor data with mobile applications to create a seam-
less monitoring experience. These systems enhance user ac-
cessibility and enable data sharing with healthcare providers,
paving the way for collaborative care. Despite these advance-
ments, challenges such as device compatibility, affordability,
and data accuracy remain, emphasizing the need for conti-
nuous innovation in glucose monitoring technologies.

Numerous Android and iOS applications serve as critical
tools for patients and healthcare providers in the current
landscape of diabetes management. Popular applications
such as mySugr, Dexcom G6, Glucose Buddy, and LibreLink
cater to various aspects of diabetes care, including glucose
monitoring, insulin dosage calculation, meal tracking, and
activity logging. Despite their utility, these solutions exhibit
distinct limitations and differences.

The app mySugr offers comprehensive features for trac-
king blood glucose, carbohydrates, and insulin usage. Howe-
ver, its subscription-based model restricts access to advanced
features, potentially limiting its accessibility for users without
financial resources. Additionally, while mySugr excels in user
interface design, its integration with third-party devices is
limited compared to other platforms.

Dexcom G6, a dedicated app for Dexcom CGM devices,
provides real-time glucose readings and customizable alerts.
Its main limitation lies in its hardware dependence, as it ex-
clusively supports Dexcom devices. This constraint reduces
its applicability for users employing other CGM brands or
those without access to Dexcom products.

Glucose Buddy emphasizes data visualization and com-
prehensive logging. While effective in providing users with an
overview of their health metrics, the app’s lack of predictive
analytics diminishes its utility for forward-looking diabetes
management. Its reliance on manual data entry further adds
to the burden on users.

LibreLink, developed for Abbott’s FreeStyle Libre sys-
tem, simplifies glucose monitoring by enabling users to scan
sensors for instant readings. Despite its convenience, the
app lacks robust data sharing and predictive modeling ca-
pabilities, limiting its scope for collaborative healthcare and
proactive interventions.

Across these applications, common limitations include
fragmented integration with external devices, limited pre-
dictive analytics, and variable support for multilingual inter-

faces. These gaps underscore the need for unified platforms
that can address diverse user requirements, streamline device
integration, and offer advanced data-driven insights for pre-
cise glucose management [29].

Open-source glucose data
aggregation solutions

Open-source applications for glucose monitoring repre-
sent a unique and innovative approach to diabetes manage-
ment. Notable platforms such as Nightscout and xDrip+ em-
power users to customize and expand functionalities through
community-driven contributions. These applications are
particularly advantageous for users seeking enhanced device
compatibility and integration with non-traditional or legacy
CGM systems.

Nightscout enables real-time glucose monitoring and
data sharing via cloud-based platforms, supporting a range
of CGM devices. Its open-source nature allows developers to
integrate additional features, such as predictive analytics and
advanced visualization tools, tailored to individual or group
needs. However, the setup process may be challenging for
non-technical users, requiring improvements in accessibility
and documentation.

xDrip+, designed for Android, enhances data accuracy
and user experience by enabling offline functionality and
supporting diverse CGM hardware. Its flexibility is a sig-
nificant advantage, though its reliance on community sup-
port for updates and troubleshooting may limit widespread
adoption.

GluComp health data aggregation
platform overview.
System architecture design

The current advancements in diabetes management un-
derscore the need for a unified, modular, and user-friendly
platform capable of aggregating multiple health data streams
for accurate glucose prediction and actionable health in-
sights. While existing solutions, including open-source and
proprietary apps, provide valuable features, they often lack
modularity, ease of use, or comprehensive predictive capa-
bilities. GluComp aims to fill this gap by offering a versatile,
all-in-one solution tailored for both individuals and health-
care providers.

The platform is designed to leverage data from various
sources, such as CGM devices, wearable health trackers, and
external health apps, to create personalized neural models
for real-time glucose predictions. By supporting both on-
line and offline modes, GluComp ensures accessibility in
diverse scenarios, including remote monitoring by parents
and healthcare professionals.

It is also worth noting that the architecture incorporates
a secure remote monitoring feature, enabling parents, guar-
dians, or healthcare professionals to monitor glucose levels
and receive critical alerts. This feature fosters collaborative
care and enhances patient safety.

By integrating these components, the GluComp system
ensures a comprehensive, adaptable, and user-centric solu-
tion for diabetes management, addressing the limitations of
existing platforms while paving the way for future advance-
ments.
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Real-time predictions
with personalized neural models

At the core of GluComp lies its advanced machine lear-
ning engine, which generates personalized neural models
for each user. At the current stage, these models are trained
exclusively on glucose data provided by CGM devices. The
platform plans to expand its capabilities by integrating other
health data streams, such as activity levels, dietary habits,
and sleep patterns, as additional health data providers are
incorporated. This foundational approach ensures highly
accurate, real-time glucose predictions that adapt dynami-
cally to individual needs. This feature not only empowers
users with actionable insights but also reduces the risks as-
sociated with hypo- and hyperglycemia by enabling timely
interventions [30].

Since data is the core of any deep learning system, it is
designed to be modular. This enables it to collect and inte-
grate health data streams available on the user’s device. For
example, if a user’s device collects sleep or heart rate data,
these variables will be incorporated into the model to en-
hance its predictive capabilities. The base neural architecture
will dynamically adapt to the data available for each user,
ensuring a personalized and optimized approach.

Once the foundational model is tailored to the user’s
data, it will be fine-tuned on the backend to improve accura-
cy further. The completed model will then be downloaded to
the app, allowing offline prediction capabilities. This design
ensures both flexibility in adapting to different devices and
robustness in providing reliable real-time glucose predictions.

Performance metrics are essential for assessing the ac-
curacy and effectiveness of machine learning models. They
offer valuable insights into a model’s predictive capabilities
and help quantify its performance across different tasks [31].

Critical alerts and remote monitoring

Remote monitoring and critical alerts are becoming in-
creasingly vital in healthcare, offering several practical bene-
fits for both patients and healthcare providers. Patients with
chronic conditions such as diabetes, hypertension, heart di-
sease require continuous monitoring to manage their health
effectively. Remote monitoring devices can track vital signs
like blood glucose levels, blood pressure, oxygen saturation,
and heart rate. These systems can alert healthcare providers
to any dangerous changes in real-time, allowing for timely in-
terventions and adjustments to treatment plans. As the popu-
lation ages, more people live with multiple comorbidities that
require ongoing monitoring. Remote monitoring tools can
help track vital signs, detect falls, and even monitor cognitive
function. Alerts can notify caregivers or medical professionals
when intervention is necessary, which is especially critical for
elderly patients who may not be able to communicate their
needs effectively.

Without advanced technologies like CGMs or insulin
pumps, individuals in Ukraine often struggle to maintain
consistent monitoring of their blood glucose levels. Blood
glucose levels can fluctuate throughout the day based on vari-
ous factors, and without continuous monitoring, it is difficult
to make real-time adjustments to insulin doses. This can re-
sult in patients either over- or under-insulinating themselves,
which can lead to dangerous swings in blood sugar levels.

Remote monitoring puts control of DM management
directly in the hands of patients, allowing them to make in-
formed decisions. Critical alerts can be sent directly to their
mobile devices, enabling them to take quick actions, such as
administering insulin, consuming food, or seeking medical
help when necessary.

The ability to monitor glucose levels remotely provides a
more comprehensive picture of a patient’s glycemic control
over time. Continuous monitoring allows both the patient
and healthcare provider to assess trends and make adjust-
ments to the treatment plan accordingly.

Remote monitoring is especially beneficial for high-risk
patients who may experience more frequent fluctuations
in blood sugar, such as those with type 1 diabetes, elder-
ly individuals, or patients with co-existing conditions like
hypertension or kidney disease. Additionally, patients li-
ving in remote areas or those who have difficulty accessing
healthcare facilities benefit from having their condition
monitored remotely.

Real-time monitoring data stream

GluComp’s real-time monitoring data stream functio-
nality provides a continuous, seamless flow of glucose and
other relevant health data from the user’s device to the plat-
form. This feature ensures that data is not only available in
real-time but also securely processed and visualized for both
users and their caregivers.

The platform is designed to gather glucose data directly
from CGM devices, integrating additional health metrics
(e.g., activity levels, sleep, or heart rate) when available.
Data is transmitted securely through encrypted channels
to ensure privacy and compliance with HIPAA and GDPR
regulations.

GluComp will provide intuitive and interactive dash-
boards for monitoring glucose trends, daily summaries, and
predictive insights. Critical trends, such as rapid glucose fluc-
tuations, are highlighted in real-time, allowing for prompt
action. Graphical tools highlight critical patterns and offer
forecasts for better glycemic control.

For consistency, the platform is designed to support edge
processing to ensure that monitoring remains functional even
when the user is offline. Data collected during offline peri-
ods is synchronized with the backend once connectivity is
restored.

Critical state alerts

The critical alert system in GluComp is essential for en-
suring the safety of users by notifying them and their care-
givers about potentially dangerous glucose trends. Various
technical approaches can be employed to implement this
functionality effectively:

1. Local device alerts. Given the offline-first nature of
the system, alerts can be generated directly on the user’s
device through the GluComp app. This approach relies on
preconfigured thresholds and predictive algorithms running
in real-time within the app.

2. Cloud-based alerts with push notifications. Since the
health data is being aggregated on the backend, critical alerts
can be processed and triggered on the backend server, when
the aggregated health data is analyzed. With this approach
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allows sending the alerts to multiple users at the same time
(e.g. the patient, their doctor or parent, etc.). However, this
approach requires continuous internet connectivity for the
best reaction time, which may not be feasible in all situa-
tions. Moreover, depending on the push notification service
provider, there may be slight delays.

3. SMS or email alerts. Similar to push notifications,
alerts can be sent via text message or email to users and their
caregivers. The advantage of this approach is that the receiver
does not need to have any specialized application installed to
receive notifications.

4. Wearable device integration. This approach can co-
exist with the others, as it provides an additional form of
notification. Integration with smartwatches or fitness bands
can enable haptic feedback (e.g., vibrations) or visual alerts,
which can be noticed sooner by the user. It usually offers
discreet and immediate notifications, ideal for users who may
not always have their phones at hand.

5. Predictive trend alerts. Instead of static thresholds
for the current glucose value, the system can analyze glu-
cose trends to predict and preemptively alert users of poten-
tial critical states in advance. However, such an approach
requires real-time data availability for high accuracy, so it
should only be implemented locally on the device.

Practical implementation
and end-to-end experiment

To validate the feasibility of the GluComp system, an
experiment was conducted to assess the end-to-end functio-
nality of the mobile and backend components. This integra-
tion test ensured that all subsystems — sensor connectivity,
authentication, data collection, cloud synchronization, and
predictive analytics — function as intended. The primary goal
was to confirm the system’s ability to collect glucose data,
upload it securely, receive machine learning predictions, and
present actionable insights to users.

On the mobile side, the GluComp Android application
was developed with the following key capabilities:

— sensor connectivity: the app successfully integrates
with CGM sensors, utilizing Bluetooth and proprietary APIs
to fetch glucose readings;

— user authentication: secure login mechanisms were
implemented using Google Authentication to ensure data
privacy and restricted access;

— data collection and storage: the app collects glucose
readings, timestamps, and metadata, storing them securely
for real-time access and offline synchronization;

— data upload: collected records are encrypted and
transmitted to the backend using RESTful APIs, ensuring
HIPAA-compliant data handling;

— receiving predictions: the app fetches machine lear-
ning-based glucose level predictions from the backend
and visualizes them for the user, allowing proactive deci-
sion-making.

On the backend, several critical components were de-
veloped to support seamless data processing and predictive
analytics:

1) API gateway: a secure API layer was implemented to
handle requests from mobile clients, ensuring data integrity
and authentication;

2) data storage: a scalable cloud database was used to
store time-series glucose data along with user profiles and
system logs;

3) machine learning engine: the backend hosts a trained
neural network model that processes incoming glucose data
and create personalized prediction models;

4) security measures: encryption, role-based access con-
trol, and audit logging were implemented to comply with
privacy regulations.

The results of this experiment demonstrated the system’s
ability to operate as a fully functional glucose monitoring and
prediction platform. The successful integration of mobile and
backend components validates the system’s viability for real-
world deployment and further enhancements. All glucose
records that were collected from the CGM device have been
successfully transferred to the backed and used.

The next steps include a closed beta test experiment with
real patients, where the accuracy of the personalized predic-
tion models will be evaluated.

Conclusions

Diabetes management is rapidly evolving with the inte-
gration of modern technologies, such as CGM systems and
machine learning algorithms, into everyday care.

The advent of CGM systems, combined with advanced
data aggregation platforms like GluComp, addresses these
limitations by delivering personalized, adaptive, and actio-
nable solutions for patients and healthcare providers. CGM
systems provide continuous, real-time glucose readings, en-
abling patients to better track their blood glucose fluctuations
and make informed decisions regarding diet, exercise, and
insulin usage. However, when combined with platforms like
GluComp, the data is not just captured — it is analyzed and
integrated into actionable insights that enhance overall dia-
betes management.

The inclusion of personalized neural models in the plat-
form enhances its ability to predict and adjust for future glu-
cose trends, further improving blood glucose control. These
models are continuously updated as more data is collected,
enabling the system to learn from a patient’s individual re-
sponses over time, making predictions more accurate and
relevant. Critical alert mechanisms are another key feature,
warning patients and healthcare providers of potential risks
such as impending hypoglycemia or hyperglycemia well be-
fore they occur, thus mitigating serious events.

Moreover, GluComp offers oftline support, ensuring that
users in areas with limited connectivity can still benefit from
the system’s insights and alerts. This feature significantly ex-
pands the accessibility of advanced diabetes care to rural and
underserved regions, where access to continuous, real-time
healthcare monitoring may otherwise be restricted.

As diabetes prevalence continues to grow globally, plat-
forms like GluComp hold the potential to redefine the stan-
dard of care, improving quality of life for patients and en-
abling proactive interventions. The ability to monitor glucose
levels in real-time, combined with predictive capabilities,
allows for a level of foresight that traditional methods cannot
offer. It enables patients and healthcare providers to antici-
pate and prevent complications before they arise, leading to
better long-term outcomes.
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The future of diabetes management lies in the synergy
between technology and healthcare, fostering more accurate
predictions, better control, and a patient-centric approach
to chronic disease management. With the integration of
platforms like GluComp, the next generation of diabetes
care is not only about treating the condition but also about
empowering patients to take charge of their health, thereby
enhancing their quality of life and minimizing the burden of
this chronic disease.
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ABTOMOTU3OBAHE YNPABAIHHS LYKPOBUM Aia6eTom:
AUCTOHLINHUIA MOHITOPUHT TA NPOrHO3YBAHHS 3A0POB’S

Pesiome. V crarri mocmimKyeTbest, SIK Cy9acHi TEXHOJIOTIT peBo-
JIIONIOHI3YIOTh JIIKYBaHHS iabeTy, iHTerpyoun 6e3nepepBHUIL
MOHITOPUHT NtoK03u (CGM), MpOrHO3HY aHAJIITUKY Ta PillIeHHS
IIJIST AUCTAHLIMHOI OXOPOHU 3I0POB’sl. 3 OIJISIAy Ha Te, 11O ITOHAI
500 MiJBHOHIB JIIOAEH Y CBiTI CTpaXalOTh HA ILIYKPOBUIA iadbeT
(LId), a mommpeHicTh 3aXBOPIOBAHHS 3pocTa€e, e(peKTUBHE I agar-
TUBHE YIIPABJIiHHS € KPUTUYHO BaOXJIMBAM. METOI0 11i€l HayKOBO1
pobOTH € TIpeICTaBICHHSI MOXJIMBOCTE! CydyacHUX TeXHOJOTII,
3o0kpema riarpopmu GluComp, y BIOCKOHaJICHHI YIIpaBIiHHS
LI muisixom iHTerpartii cucteM 6e3repepBHOTO MOHITOPUHTY PiBHS
[JIIOKO3U Ta MePCOHaATi30BaHUX MOJIesIell MAaIlIMHHOTO HaBYaHHSI.
Y nmochimkeHHi moka3aHo, K JaHi B peaIbHOMY Yaci, TPOTHOCTUY-
Ha aHaJliTUKa if MOJyJIbHA apXiTeKTypa 3a0e3eqarb NPOaKTUBHUI
i amanTUBHUM MiAXiL 10 HAZaHHS MEIUYHOI JOIIOMOTIH IalliEHTaM
i3 L. Tpaguuiiini meronn MmoHiTopuHry LIJI, Hanpukian anami-
31 KpOBi, 0OOMeXeHi B HamaHHi iHGopMallii B peXXruMi pealbHOTO
yacy. Hogiuri rexnosorii CGM, sx-ot Dexcom ta Freestyle Libre,
NIO3BOJISIIOTH O€3MepepBHUIA, HEIHBa3UBHUIT MOHITOPUHT PiBHS
TJIIOKO3M, CTBOPIOIOYM YaCOBi PsIIv, HEOOXiHI IS BUSIBICHHS
3aKOHOMIPHOCTEI Ta MPOTHO3YBaHHSI HEOE3MEeYHUX KOJIMBAHb
(rino- abo rinepriikeMist). BukKopuctaHHs aIrOpUTMiB IIMOOKOTO
HaBYaHHS Ta HEWPOHHUX MEPEX IMiBUIIYE TOUHICTh IIUX MIPOTHO-
3iB, (hiKCyl0UM TeHIEHLIT CKJIQJHUX IaHUX i3 IIIMHOM vacy. Kimo-
YOBOIO iHHOBAILI€10, 1110 00roBoproeThes, € GluComp — MoaynbHa
uudposa rardopma 0XoOpoHU 310POB’sl, po3podIIeHa IS TOJIIN-
meHHs JgikyBaHHs LIJ1. GluComp interpye cuctemu CGM i3 mep-
COHaJII30BaHUMMU MOJIEJISIMUA MAalIMHHOTO HaBYaHHSI JIJIsl HaJJaHHSI
CTIOBIIlIEHb Y PEXMMi peaTbHOTO Yacy, MPOTHO3HUX BUCHOBKIB I

aJanTUBHOTO norisiay. BoHa minTpumye oduraitH-(hyHKITIOHATb-
HIiCTb, a TAKOX IPOIMOHYE iIHTYITUBHO 3pO3yMijli MaHei iHCTpY-
MEHTIB VISl TIALLIEHTIB Ta MEIUYHMX MPalliBHUKIB, MiABUIIYIOUU
3aJTy4EHICTh i TOTPUMAaHHS PeXUMY JIIKyBaHHS. Y CTaTTi TAKOX
PO3IISIIAIOTHCS TPOOJIEMU B CUCTEMi OXOPOHU 3[10POB’Sl YKpaiHu,
0co0JMBO mJIs MaLieHTiB i3 11JI B eKOHOMiIUHO HEOIaronmoIyYHUX
abo CibChbKUX paiioHax, y sikux noctyn 10 CGM Ta iHCyniHOBUX
ITOMIT OOMEKEHUI Yepe3 BUCOKY BapTicTh. He3Baxkaioun Ha 11i po-
0JieMU, MPOTPEC JOCSTAETHCS 3aBASIKY iHilliaTUBaM Yy cdepi oxo-
POHU 300POB’sI, MOOLILHUM J0AATKAM i Iep>KaBHUM IIpoTrpaMam
MiATPUMKU, CIPSIMOBAHUM Ha IMiABUILEHHST 00i3HAHOCTI i TOCTYITY
110 MeAnYHOi mormomoru. OcobimBa yBara NpUIiIsSEThCs BiliChKO-
BOCITY>K00BLISIM, ISt sikuX TexHoJoriss CGM Moxke OyTr KpUTUIHO
BaXKJIMBOIO Yepe3 BUCOKMI PiBeHb (Pi3MUHOTO Ta IMCUXOJOTiYHOTO
CTpecy, HEPETYJISIPHUI pO3NOPSAOK AHS i 0OMEXEHUI TOCTYII
110 HeBiAKIamHOI Mean4yHOi goromoru. BonpoBamkenuss CGM y
BiliCPKOBUX YMOBaX MOXe€ ITiIBUIIIUTH OIIEPAaTUBHY TOTOBHICTb
Ta MepeHeCTH iHHOBALIil B IMBiJIbHY OXOPOHY 300poB’s. Po3ymHe
ynpasiinHs L 3a nornomoroio takux ruiatdopm, sik GluComp,
3aBISIKA MOHITOPUHTY B PEXHMMi peaibHOTO Yacy, MPOrHO3HOMY
MOJICJTIOBAHHIO i1 TepCOHAII30BAHOMY JIOIJISIIY € TpaHchopMalliii-
HUM KPOKOM Y JIIKyBaHHi XpOHIYHUX 3aXBOPIOBAHb i Ma€ MOTEHIIIa
1IO/I0 TMOJIITIIEHHS Pe3yJIbTaTiB, 3MEHIIEHHS YCKJIaAHEeHb Ta ITi/l-
BUILEHHSI SIKOCTi KUTTSI, 0COOJIMBO SKIIIO aanTyBaTH ii 10 OTped
MaJjio3abe3rneyeHX BepCTB HACeIeHHSI.

KimouoBi cjioBa: nykposuii niadet; mucTaHUiitHUIT MOHITOPUHT;
repcoHiikoBaHMIA MMiXiT; OXOpPOHA 3I0POB’sT; MOAY/IbHA LMdpoBa
iatgopma oxopoHu 310poB’st GluComp; oruisim
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