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PE3IOME

AkTyanbHicTb. [Tpobnema nopyLueHb ninigHoro 06MiHy y nauieHTIB 3 iLleMiYHO XBOPO-
6010 cepus Ta XPOHIYHOI CepLeBO HeOCTaTHICTIO, 0COBNMBO Ha TNi CYMyTHIX LyKpo-
BOro AiabeTy 2-ro TMny Ta OXMPIHHSA, € BKpaw akTyarnbHO 3 OrnsAAy Ha iX BUCOKY MoLuu-
PEHICTb, 3HAYHWUI BHECOK Y CEepLIeBO-CyANHHY 3aXBOPIOBAHICTb Ta CMEPTHICTb, @ TaKoX
cKragHicTb Kopekuii. [JlocnioXeHHs poni kKaTecTaTuHy B L CKNagHin KNiHivHIin cutyauii
BiKpVBa€E HOBI MepCrnekTVBY AN PO3yMiHHA naTtoreHedy Auchinigemii Ta po3pobku no-
TEHUIiNHMX TepaneBTUYHNX CTpaTerii.

MeTta po60TH — OLiHWUTY piBEHb MOKa3HWUKIB MiniAHOro oGMiHy, CMPOBATKOBOIO KaTecTaTu-
Hy Ta BCTAHOBWTMW KOPENALIMHI 3B’A3KVM MK JOCNIAKYBaHUMM NapameTpamMu y XBOpux Ha
iLLemiyHy xBopoby cepLsi Ta XpOHIUHY cepLEBY HEAOCTATHICTb B 3aMEXHOCTI Bif CynyTHBHOT
meTaboniyHoi naTonorii, Takoi Sk LlyKpoBUiA AiabeT 2-ro TUny Ta OXMPIHHS.

MaTtepianu Ta meToau. Y JOCMIMKEHHI B3ANM y4acTb 225 XBOPYX Ha XPOHIYHY cepLeBy
HegocTaTHICTb Ha TNi iLueMiyHOT XBopobU cepus. MauieHTn 6ynu posnogineHi Ha YoTupwu
rpynu: rpyna 1 — XpoHiyHa cepueBa HedOCTaTHICTb Ha Thi iLWeMiYHoi XxBopobu cepus
3 CyMyTHIM LiyKpOBMM AiabeTom 2-ro TUny Ta OXUpiHHAM (N=75), rpyna 2— XpoHiyHa cep-
LieBa HeOCTaTHICTb Ha TNi illeMiYHOT XBOpoGU cepLs 3 CynyTHIM LlyKpoBUM AiabeTom
2-ro Trny (n=50), rpyna 3— XpoHi4yHa cepLieBa He[OCTaTHICTb Ha Thi iLLeMiYHOT XBOpOGU
cepus 3 CynyTHIM oxupiHHAM (n=50), rpyna 4— XpoHi4yHa cepueBa HedoCTaTHICTb ille-
Mi4yHOro reHesy 6e3 metaboniuHux nopyuieHb (N=50). BusHavanu piBeHb KaTecTaTuHy,
3aranbHOro XOnecTepuHy, XonecTepuHy NinonpoTeiHiB BUCOKOI LWiNbHOCTI, Tpurnilepu-
AiB, XonecTepuHy NiNONpOTEiHIB HU3bKOI LWiNbHOCTI, XONeCcTepuHy NiNonpoTeiHiB Ayxe
HWU3bKOT LWiNbHOCTI Ta KoeilieHT aTeporeHHOCTi.

PesynbraTtu. Y nauieHTis 1-i rpynu cnoctepiranocs 3Ha4yHe 36iMbLlUeHHs 3aranibHOro Xo-
niecTepviHy, TPUMILEPWAIB, XONeCTEPUHY MINONPOTEIHIB HU3LKOI Ta AyXe HU3bKOI LLinb-
HOCTI, Koe@ilieHTa aTeporeHHOCTi Ta 3HWKEHHS XOnecTepuHy MinonpoTeiHiB BUCOKOT
LLiNbHOCTI, MOPIBHSAHO 3 iHWKMK rpynamu (p < 0,05). PiBeHb kaTectaTnHy OyB HaiHWX-
4YvMm y 1-11 rpyni Ta 3HaYHO BiAPI3HABCS Bif iHWMX rpyn (p < 0,05). BuaBneHo 3Ha4yLLi Ko-
pensiLinHi 3B’A3KM Mixk pIBHEM KaTeCTaTUHY Ta NOKa3HUKaMu MinigHOro o6MiHy: HeraTuBHi
Kopensuii 3 piBHeM TpurAiLepuaiB, XonecTepuHy MinonpoTeiHiB HU3bKOI Ta AyXe HU3bKOT
LLINBbHOCTI, KoediLiEHTOM aTepOreHHOCTi Ta MO3UTUBHA KOPENsLisi 3 piBHEM XOnecTepu-
Hy NINONPOTEIHIB BUCOKOI LLifIbHOCTI.

BWCHOBKMU. Y nauieHTiB 3 XPOHIYHOK CEPLEBOI0 HEQOCTATHICTIO Ha Tri iLLeMIYHOI XBOpO-
Ou cepusi, yCKNagHEHUX LlyKpOBUM AiabeTom 2-ro TUny Ta OXMPIHHAM, CrocTepiraloTbes
HanBMPa3sHiLi NOpyLUEeHHS MinigHOro Npodpinto Ta 3Ha4YHe 3HWXKEHHS PIBHSA KaTeCTaTuHY.
OTpuMaHi AaHi cBigYaTb NPo BaXXNMBY pofib KaTecTaTuHy B perynsuii ninigHoro oomiHy Ta
NiaKPECoTb HEOOXIAHICTb KOMMIEKCHOTO NiAXo4y A0 MiKyBaHHS L€l kaTeropii nauieHTiB.
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ABSTRACT

Background. The problem of lipid metabolism disorders in patients with coronary artery
disease and chronic heart failure, especially with concomitant type 2 diabetes mellitus
and obesity, is highly relevant due to their high prevalence, significant contribution to
cardiovascular morbidity and mortality, and the complexity of correction. Researching the
role of catestatin in this complex clinical scenario opens new perspectives for understanding
the pathogenesis of dyslipidemia and developing potential therapeutic strategies.
Purpose — to evaluate the levels of lipid metabolism parameters, serum catestatin, and
to establish correlations between the studied parameters in patients with coronary artery
disease and chronic heart failure depending on concomitant metabolic pathologies such
as type 2 diabetes mellitus and obesity.

Materials and Methods. The study included 225 patients with chronic heart failure and
coronary artery disease. Patients were divided into four groups: Group 1 — chronic heart
failure with coronary artery disease, concomitant type 2 diabetes mellitus and obesity
(n=75), Group 2 — chronic heart failure with coronary artery disease and concomitant
type 2 diabetes mellitus (n=50), Group 3 — chronic heart failure with coronary artery
disease and concomitant obesity (n=50), Group 4 — chronic heart failure of ischemic
origin without metabolic disorders (n=50). The levels of catestatin, total cholesterol,
high-density lipoprotein cholesterol, triglycerides, low-density lipoprotein cholesterol,
very low-density lipoprotein cholesterol and the atherogenic coefficient were determined.
Results. Patients in Group 1 showed a significant increase in total cholesterol, triglycerides,
low-density lipoprotein cholesterol, very low-density lipoprotein cholesterol, the atherogenic
coefficient and a decrease in high-density lipoprotein cholesterol compared to other
groups (p < 0.05). Catestatin levels were the lowest in Group 1 and significantly different
from other groups (p < 0.05). Significant correlations were found between catestatin levels
and lipid metabolism parameters: negative correlations with triglycerides, low-density
lipoprotein cholesterol, very low-density lipoprotein cholesterol, the atherogenic coefficient
and a positive correlation with high-density lipoprotein cholesterol levels.

Conclusions. Patients with chronic heart failure and coronary artery disease complicated
by type 2 diabetes mellitus and obesity exhibit the most pronounced lipid profile disorders
and a significant decrease in catestatin levels. The data obtained indicate an important
role of catestatin in the regulation of lipid metabolism and emphasize the need for
a comprehensive approach to the treatment of this category of patients.

Borovyk KM, Kravchun PH, Kadykova Ol. The role of serum catestatin in lipid metabolism disorders in patients with coronary
artery disease and chronic heart failure depending on concomitant metabolic pathology. The Journal of V.N. Karazin
Kharkiv National University. Series Medicine. 2025; 3(54):353-364. DOI: https://doi.org/10.26565/2313-6693-2025-54-04

BCTYN

KartectaTtvH € 6aratodyHKUioOHanbHUM NenTuaoMm, Lo
NPOSIBMSIE LUMPOKMI cnekTp BionoriyHnx edekTiB, BKO-
Yyakoun npoTm3ananbHi, aHTUOKCUOAHTHI Ta PerynaTopHi
BMMMBM Ha MeTaboniuHi npouecu. oro porb y KOHTEKCTi
CcepLueBO-CyaANHHUX 3axXBOPHOBaHb, OCOBNMBO iLLIEMIYHOT
xBopobu cepus (IXC) Ta xpoHivHOI cepLeBoi HegocTaTHO-
cTi (XCH), ycknagHeHnx mMeTaboniyHMMK NopyLUEHHSAMMU,
€ NPeaMEeTOM aKTUBHUX JOcChigxXeHb [1].

Ha monekynsapHoMmy PpiBHi kaTecTaTuH B3aemogie
3 Pi3HUMKU  peuenTopaMy Ta CUTHANbHUMU LUNAXaMU,
BMMMBAKOYM Ha KIIOYOBI Mpouecu, Taki SK 3ananeHHs,
eHpoTenianbHa AncdyHKLia Ta meTaboniam ninigis [2].
[ocTtemeHHO BIigOMO, WO KaTecTaTuH iHribye aktvBa-
Lito Makpodarie i AEHOAPUTHUX KIITUH, a ue Npu3BOAUTb
00 3HWKEHHA NpoAyKuii mpo3ananbHUX LMTOKIHIB, Ta-
KMX SK iHTeprnemnkiH-6 Ta dakTop HeKpo3y MyXnuHK-a.

INTRODUCTION

Catestatin is a multifunctional peptide with a wide
range of biological effects, including anti-inflammatory,
antioxidant and regulatory effects on metabolic processes.
Its role in the context of cardiovascular diseases,
especially coronary artery disease (CAD) and chronic
heart failure (CHF) complicated by metabolic disorders, is
the subject of active research [1].

At the molecular level, catestatin interacts with
various receptors and signalling pathways, affecting key
processes such as inflammation, endothelial dysfunction
and lipid metabolism [2]. It is well known that catestatin
inhibits the activation of macrophages and dendritic
cells, which leads to a decrease in the production of
pro-inflammatory cytokines such as interleukin-6 and
tumour necrosis factor-a. These cytokines, in turn, play
an important role in the regulation of lipid metabolism [3].
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Lli umTOKiHWM, Yy CBOIO 4epry, BifirpatoTb BaXnuBy porib
y perynsauii ninigHoro obmiHy [3].

MatodizionoriyHi MexaHiamu, wo nos’'s3yoTs IXC,
XCH, uykposuii giabet (L) 2-ro Tvny Ta 0XMpiHHS 3 no-
pyLeHHAMM ninigHoro obmiHy, € cknagHumn Ta barato-
rpaHHumu. NposananbHi LUMTOKIHW, BUBINbHEHI BHACMiAOK
3ananbHUX NPOLECIB, XapaKTepHUX ANg uux CTaHiB, 34aTt-
Hi BNIIMBATM Ha EKCMPECIto NinonpoTeiHinasu, Kno4oBoro
depmeHTy B MeTaboniami Tpurniuepugis (TI), 3HKy04M
il aKTMBHICTb Ta NpM3BOAAYM OO0 rinepTpurniuepuaemii [4].
Kpim TOro, BOHM MOXyTb MOAYNOBaTU peLenTopu xonec-
TEePUWHY MiNoMNpoTeiHiB H13bKOI WinbHOcTi (XC JIMHLL) Ha
renaTtoumTax, 3MEeHLLUYHUM iX 3aXONfeHHs 3 KPOBOTOKY Ta
cnpusodn HakonudeHHo XC JMHLL y kposi. 3ananeHHs
TaKOX CTUMYIOE MPOAYKLi0 aTeporeHHUx moaudiko-
BaHux opm JIMHL, gki BigirpaloTb BupiwanbHy porib
y pO3BUTKY atepockneposy [5]. [HCyniHOPe3nCTEHTHICTb,
Lo € XapakTepHoto pucoto LI 2-ro Tuny Ta oXupiHHS, Ta-
KOX TiCHO noB’A3aHa 3 Agvcninigemieto, cnpusiioyun nigsu-
weHHto piHa TI, XC JIMHLL, Ta 3HWXeHHIO piBHA Xonec-
TepuWHy NinonpoTeiHiB BUCOKOI wWinbHocTi (XC NMBLL) [6].

3 iHworo 6oky, kKaTecTaTuH, NPUrHiYy4YN BUPOONEH-
HS1 Mpo3ananbHUX MeaiaTopiB, MOTEHLIHO MOXe onoce-
peaKoBaHO CNpuATM MOMIMWEHHK NinigHOro npodinto.
3MeHLeHHs 3ananbHOI curHanisadii Moxe npu3sectu 4o
BiQHOBMNEHHS HOpMarnbHOI PYHKLii ninonpoTeiHninasn Ta
peuenTopiB XC JIMHLL, a TakoX 3HU3NTN YTBOPEHHS NpO-
aTeporeHHnX finigHux YactuHok. JocnigxeHHs in vitro Ta
in vivo BEMOHCTPYIOTb PiIBHOMaHITHI edPekT KaTecTaTnHy
Ha ninigHUA 0OMIH, BKITHOYAKO4YM BNIIMB HA EKCMPECito re-
HiB, WO 6epyTb yyacTb Yy ninoreHesi Ta Ninonisi, a Takox
Ha (YHKLUiI0 KNiITUH NeYviHkM Ta agunouuTis [7].

OpHak, He3BaXkatouM Ha HasBHI AaHi, mexaHiamu, 3a
[OMOMOroOK SKUX KaTecTaTuH 6esnocepefHbo BMNvMBaE
Ha meTaboniam ninigis y koHTekcTi IXC Ta XCH, ocobnu-
BO 3a HasiBHOCTi CynyTHbLOI MeTaboniyHoi naTonorii, 3anu-
LIaKTbCA HEAOCTATHLO BUBYEHUMM.

linoTte3ol gaHoro gocnigXeHHs € Te, WO piBEHb
kaTectaTuHy Yy nauieHtiB 3 XCH Ha Tni IXC 3MmiH0ETBCSA
3anexHo Big HasiBHOCTI Ta KOMOGiHaLii cynyTHiX meTabo-
NiYHMX MopyLeHb, Takux gk LI 2-ro Tvny Ta OXupiHHS,
i Ui 3MiHM KOPEerTh 3 MOKa3HMKaMM ninigHoro obmiHy.

MeTa po60TH — OLIHWUTK piBEHb NOKa3HUKIB NiNigHOro
06MiHy, CMPOBaTKOBOrO KaTecTaTuHy Ta BCTAaHOBUTK KO-
pensauiiHi 3B’A3K1M MK OOCRiAXYyBaHUMKW MapameTpamu
Yy XBOPUX 3 iLLEMIYHOK XBOPOOOHK cepusi Ta XPOHIYHO
CEepLEeBO0 HEAOCTaTHICTIO B 3aNeXHOCTi BiA CynyTHLOI
MeTaboniyHoi naTonorii.

MATEPIAAU TA METOAU AOCAIAXXEHHA

3rigHO 3 AM3alHOM [OCHimKeHHs, 225 XBOpuX, LWO
nepebyBanv Ha nikyBaHHi B KapAionoriyHOMy BigdineHHi
KomyHanbHoro HekomepuiiHoro nignpvemctea «Micbka
kniHiyHa nikapHa Ne 27» XapkiBCbKOI MiCbkoi pagn, Bynu
posnogineHi Ha rpynu 3anexHo Big BUSIBNEHWX MeTabo-
nivHMX nopyleHb. [lo rpynu 1 3anyynnu nauieHTis i3 XCH
Ha Tni IXC, U 2-ro Tvny n oxuvpiHHg (n=75). Opyry rpyny
cknanu xsopi 3 XCH, IXC i cynythim LA 2-ro Tvny (n=50),
TPETIO — i3 CynyTHIM OXMPiHHAM (n=50). Mpyny NopiBHAHHS
(4eTBEPTY) CHOPMOBaHO 3 XBOPMX, AKi Manun o3Hakn XCH
iLuemivyHoro reHesy 6e3 MetaboniyHux nopyiueHsb (n=50).
Ipynu obcTexxeHnx 3icTaBnoBaHi 3a BIKOM i CTaTTHO.

The pathophysiological mechanisms linking CAD,
CHF, type 2 diabetes mellitus (T2DM) and obesity to lipid
metabolism disorders are complex and multifaceted.
Proinflammatory cytokines released as aresult of
inflammatory processes characteristic of these conditions
can affect the expression of lipoprotein lipase, akey
enzyme in triglyceride (TG) metabolism, reducing its activity
and leading to hypertriglyceridemia [4]. In addition, they
can modulate low-density lipoprotein cholesterol (LDL-C)
receptors on hepatocytes, reducing their uptake from the
bloodstream and promoting LDL-C accumulationin the blood.
Inflammation also stimulates the production of atherogenic
modified forms of LDL-C, which play a crucial role in the
development of atherosclerosis [5]. Insulin resistance, which
is a characteristic feature of type 2 diabetes and obesity, is
also closely associated with dyslipidaemia, contributing to
elevated TG, LDL-C and lower high-density lipoprotein
cholesterol (HDL-C) levels [6].

On the other hand, by inhibiting the production of
pro-inflammatory mediators, catestatin can potentially
contribute to an improvement in lipid profile indirectly.
Reducing inflammatory signalling can lead to the
restoration of normal lipoprotein lipase and LDL-C
receptor function, as well as reduce the formation of
proatherogenic lipid particles. In vitro and in vivo studies
have demonstrated various effects of catestatin on lipid
metabolism, including the influence on the expression of
genes involved in lipogenesis and lipolysis, as well as on
the function of liver cells and adipocytes [7].

However, despite the available data, the mechanisms
by which catestatin directly affects lipid metabolism in the
context of CAD and CHF, especially in the presence of
concomitant metabolic pathology, remain poorly understood.

The hypothesis of the present study is that the level of
catestatin in patients with CHF in the setting of CAD varies
depending on the presence and combination of concomitant
metabolic disorders, such as type 2 diabetes and obesity,
and these changes correlate with lipid metabolism.

Objective — to evaluate the level of lipid metabolism,
serum catestatin and to establish correlations between
the studied parameters in patients with coronary heart
disease and chronic heart failure depending on the
concomitant metabolic pathology.

MATERIALS AND METHODS

According to the study design, 225 patients treated in
the cardiology department of the Municipal Clinical Hospital
No. 27 in Kharkiv were divided into groups depending on
the metabolic disorders detected. Group 1 included patients
with CHF on the background of coronary heart disease, type
2 diabetes and obesity (n=75). The second group consisted
of patients with CHF, CAD and concomitant type 2 diabetes
mellitus (n=50), and the third group — with concomitant
obesity (n=50). The comparison group (fourth) was formed
of patients with signs of CHF of ischaemic origin without
metabolic disorders (n=50). The groups of patients were
comparable in terms of age and sex.
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O6GrpyHTyBaHHA BUOGOpY rpyn nauieHTiB. Bubip
came Takux rpyn nauieHTtis (XCH Ha tni IXC 3/6e3 L[ 2-ro
TMNy Ta/abo OXMPIHHS) 3yMOBMEHWIA BUCOKO MOLUMPEHi-
CTHO UMX KOMOPOIOHMX CTaHIiB y KMiHIYHIA npakTuui Ta ix
3HaYHMM BMIIMBOM Ha MPOrHO3 i AKICTb XUTTSA MaUiEHTIB.
MoegHanHa XCH Tta IXC 3 L 2-ro Tuny Ta OXMPiHHAM
€ 0COBMMBO HECNPUATIIMBUM, OCKIMbKW Li CTaHU MaloTb
CUHEpriYHUA HeraTVBHUI BNIWB Ha CeEpLEBO-CYAUHHY
cucTeMy Ta ninigHu oOMmiH. BuB4eHHS poni kaTecTaTuHy
B Ll CKNaaHin KMiHiYHIA cuTyauii Mae BaXnmBe 3HAYeEH-
HS ANs pO3yMiHHA naTtoreHesy gvcninigemii Ta po3pobku
HOBWX TepaneBTMYHUX cTpaTerin. [pyna nauieHTis 3 XCH
Ta IXC 6e3 meTtaboniyHmx nopylleHb byna obpaHa sk rpy-
na MopiBHSIHHS, LWOG OLiHUTM BNNMB camMme MeTabomnivyHmX
hakTopiB Ha piBeHb KaTecTaTUHy Ta NiniAHUA Npodinb.

[na BM3Ha4YeHHS piBHA KaTectaTuHy (Hr/mr) 3actoco-
BYBaBCS iMyHO(DEPMEHTHUIN METOL, 3 BUKOPUCTAHHAM Ha-
6opy peareHtieB CUSABIO Human Catestatin-1 ELISA Kit
3rigHO 3 IHCTPYKLi€t0, WO A0AAETbCA A0 HAabopy, Ha iMyHO-
depmeHTHOMY aHanisaTtopi «Labline-90» (Asctpis). Oocni-
[PKEeHHs1 MpoBOAUNMCE Y GioxiMiYHOMY BinAini LeHTpansHol
HayKOBO-AOCNiAHOI nabopatopii XapKiBCbKOro HalioHarnb-
Horo mepgmyHoro yhiBepcutery MOS3 Ykpainu. bioximiyHe
OOCMIMKEHHSA BKMOYaNo BU3HAYEHHS1 PiBHA 3arasfibHOro
xonectepuHy (3XC) 1 xonectepuHy ninonpoTeiHiB BUCOKOI
winbHocTti (XC JIMBLL), wo nposogunu nepoKcuaasHUM
METOZOM 3 BUKOPUCTaHHSIM Habopy peakTueiB «Cholesterol
Liquicolor» dhipmm «Humany» (HimeuwunHa) y cupoBartui Kpo-
Bi, cTabinizoBaHoto renapuHom. PiBeHb Tpurniuepuais (TI)
BM3Ha4Yanm (pepMeHTaTUBHMM KONTIOPUMETPUYHUM METOLOM
3 BUKOPUCTaHHAM Habopy peaktuBiB «Triglycerides GPO»
dipmn «Human» (HimeuuunHa). Mposogunu po3paxyHoK Ko-
ediujeHTa ateporeHHocTi (KA) 3a doopmyroto Knimosa A.M.:

KA = (3XC — XC JINBLL)/XC NMBLL;

piBEHb XONMecTepuHy miNoMpoTEiHIB AyXe HU3bKOI
wineHocTi (XC NMAHLW) = Tr/2,2 x 0,45, (mmonb/n);

piBEHb XONecTepuHy minonpoTeiHiB HU3bKOI  LUiNb-
HocTi (XC JIMNHLL) = 3XC — (XC NngHL, + XC NNBLL),
(Mmonb/n).

Y OocnigXeHHi Bu3Hadanu aHTpOnOMETPUYHI MoKas-
Hukn 06’emy Tanii (OT) i cterna (OC), iHgekcy macu Tina
(IMT) (ingekc Ketne) — maca x kr/3picT B M?, Ans AiarHoc-
TUKM aBOOMIHANbLHOTO OXMPIHHS.

KpuTepismn BUKNOYEHHST Oynu: rocTpi Ta XPOHiYHi iH-
doeKLUiViHI 3axBOpOBaHHS, BrepLle BCTaHOBIEHWI fiarHo3
LI 2-ro Tmny, aBTOIMYHHi XBOpOOU Ta Anddy3Hi 3aXBOpHOBaH-
HS1 CMOITYYHOT TKaHWHW, 3aroCTPEHHSA XPOHIYHMX 3ananbHNX
NPOLIECIB YN HASIBHICTb FOCTPUX 3anaribHNUX 3aXBOPHBAHb,
XBOpo6M rinotanamyca Ta rinogisa, 3aXBOPIOBAHHS LLINTO-
noaiGHoI 3arno03n, HasiBHICTb CUMMTOMAaTUYHUX TiNepTeH3il,
naTonorisi KnanaHHOro anapary cepusi, HasiBHICTb XPOHiY-
HOro OOCTPYKTMBHOTO 3axXBOPOBAHHS NereHb, LMpo3 ne-
YiHKW, aHeMis cepegHbOro Ta TSHXKKOrO CTYMNEHs!, HasiBHICTb
FOCTPOro iHCYmMbTY, FOCTPOI MiBO- YM MPaBOLLYHOYKOBOI
HeOO0CTaTHOCTI; OHKOIOriYHI 3aXBOPIOBAHHS, HapKOMaHis,
arnkororniam, CynyTHi NCKXiYHI XBOPOOW, CyaMHHA AEMEHLs
abo iHWi MHECTWYHI po3naau, He3AaTHICTb 3PO3yMITM 3MICT
iH(bopmoBaHoi 3rogun, BiAMOBa Bif, y4acTi B OOCHIOKEHHI
3 Byab-AKNX NPUYKH, Y TOMY YMCTTi EKOHOMIYHMX.

Pesynbrat gocnigpkeHHst 3a3Hanu ctatucTUYHOI 06-
pobKM 3 BUKOPUCTaHHSAM METOAIB NapaMeTpu4HOro aHa-
nigy. HakonuyeHHs1, KopuryBaHHs, cuctemaTumaauis Buxia-
HOI iHbopMaLii Ta Bidyanisauis oTpUMaHux pesyrnbTaTis

Rationale for the selection of patient groups. The
choice of these groups of patients (CHF in the setting of
coronary artery disease with/without T2DM and/or obesity)
was due to the high prevalence of these comorbidities
in clinical practice and their significant impact on the
prognosis and quality of life of patients. The combination
of CHF and CAD with T2DM and obesity is particularly
unfavourable, as these conditions have a synergistic
negative impact on the cardiovascular system and
lipid metabolism. Studying the role of catestatin in this
complex clinical situation is important for understanding
the pathogenesis of dyslipidaemia and developing new
therapeutic strategies. Agroup of patients with CHF
and CAD without metabolic disorders was selected as
a comparison group to assess the impact of metabolic
factors on catestatin levels and lipid profile.

To determine the level of catestatin (ng/ml), an enzyme-
linked immunosorbent assay was used using the CUSABIO
Human Catestatin-1 ELISA Kit according to the instructions
included with the kit on a Labline-90 enzyme-linked
immunosorbent assay (Austria). The study was conducted
at the Biochemical Department of the Central Research
Laboratory of Kharkiv National Medical University, Ministry
of Health of Ukraine. The biochemical study included
the determination of total cholesterol (TC) and high-
density lipoprotein cholesterol (HDL-C) levels, which
were performed by the peroxidase method using a set of
reagents «Cholesterol Liquicolor» by Human (Germany) in
heparin-stabilised blood serum. The level of triglycerides
(TG) was determined by the enzymatic colourimetric
method using the reagent kit «Triglycerides GPO» from
Human (Germany). The atherogenicity coefficient (AC) was
calculated by the formula of Klimov AM.

Atherogenicity coefficient (AC) = (VLDL — HDL-C)/
HDL-C;

very low-density lipoprotein cholesterol (VLDL-C)
TG/2.2 x 0.45, (mmol/L);

low-density lipoprotein  cholesterol
VLDL-C — (VLDL-C + HDL-C), (mmol/L).

The study determined the anthropometric parameters
of waist and hip circumference (WC) and body mass
index (BMI) (Ketle index) — weight x kg/height in m? for
the diagnosis of abdominal obesity.

The study results were statistically processed using
parametric analysis methods. Accumulation, correction,
systematisation of the initial information and visualisation
of the results were carried out in Microsoft Office Excel
2010 spreadsheets. The description and comparison of
quantitative indicators was performed taking into account
the distribution, the conformity of which was normally
assessed using the Kolmogorov-Smirnov criterion.

When confirming the normality of the distribution, the
data were described using the arithmetic mean (M) and the
error of the mean (m). Fisher’s F test was used to assess
the differences in the studied indicators. Spearman’s
correlation coefficient (r) was used to assess the degree
of correlation between samples. The critical level of
significance for testing statistical hypotheses was 0.05.

Exclusion criteria were: acute and chronic infectious
diseases, newly diagnosed T2DM, autoimmune diseases
and diffuse connective tissue diseases, exacerbation
of chronic inflammatory processes or the presence of
acute inflammatory diseases, hypothalamic and pituitary

(LDL-C)
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NpoBOAMNNCS B eneKTpoHHUX Tabnmuax Microsoft Office
Excel 2010. Onuc Ta NOpPIBHSAHHSA KifbKICHUX MOKa3HWKIB
BMKOHYBanu 3 ypaxyBaHHAM po3noginy, BiANOBIAHICTb
SIKOrO HOPMarbHO OLjiHIOBanacs 3a 4oMNOMOroK KpUTEPIto
KonmoropoBa- CmupHoBa.

Mpu nigTBEpOKEHHI HOPMarnbHOCTI PO3NOAINY AaHi
onucysanu 3a AONOMOrol cepefHboi apudmeTnyHoi (M)
Ta noxmbkn cepeaHboro (m). Ansi ouiHkM pi3HULb NoKas-
HUKIB, LLO BMBYAKOTLCS, BUKOPUCTAHO Kputepin F diwe-
pa. [nsi OuUiHKM CTyneHs1 B3aEMO3B’SI3Ky MK BUbipkamm
BMKOpPUCTOBYBanu KoediuieHT kopensuii CnipmeHa (r).
KpyTu4HMI piBeHb 3HaYyLLOCTI Ni4 Yac nepesipku cTaTuc-
TUYHKX rinoTe3 npunmanu pisHum 0,05.

[ocnimkeHHA cxBaneHi KoMicielo 3 nuTaHb €TUKK Ta
6ioeTukM XapKiBCbKOro HauioHanbHOrO MELUYHOro YHi-
BepcuteTy (mpotokon Ne 2 Big 03 ntotoro 2020 poky) Ta
NPOBEAEHI 3riJHO 3 MMCbMOBOK 3rof0K YYacCHMKIB i Big-
MOBIAHO A0 MPUHUMMIB BioeTukn, BUKNageHux y lenbciH-
Cbkin aeknapauii «ETWYHI npuHUMNM mMegnyHux Jocni-
D>KeHb 3a yyacTio nogen» Ta «3aranbHivi geknapadii npo
6ioeTuky Ta npasa nmogmHn (KOHECKO)».

PE3YALTATU

Mpy aHanisi nokasHWKiB ninigHOro 06MiHy NpoCTexy-
Banocb AoctoBipHe 36inbleHHs 3XC, TI, XC JMHL, XC
JINOHLL, KA, a Takox 3HmxeHHst XC JIMBLL y xBopux, Wwo
manu XCH Ha i IXC 3 noegHaHum nepebirom LI 2-ro Tuny
Ta OXWPIHHA, NOPIBHAHO 3 XBOpMMU Ha IXC Ta OXMPIHHS,
IXC 6e3 cynyTHbOI mMeTaboniyHoi nartonorii Ta 3 ocobamu
3 rpynu koHTponto (p < 0,05). aHi HaBeaeHi B Tabnuui 1.

diseases, thyroid disease, symptomatic hypertension,
heart valve disease, chronic obstructive pulmonary
disease, liver cirrhosis, moderate to severe anaemia,
acute stroke, acute left or right ventricular failure; cancer,
drug addiction, alcoholism, concomitant mental illness,
vascular dementia or other mnemonic disorders, inability
to understand the content of the informed consent,
refusal to participate in the study for any reason, including
economic reasons.

The studies were approved by the Ethics and
Bioethics Committee of the Kharkiv National Medical
University (Protocol No. 2 dated February 3, 2020) and
were conducted in accordance with the written consent
of the participants and in accordance with the principles
of bioethics set out in the Helsinki Declaration for Ethical
Principles for Medical Research Involving Human
Subjects and the Universal Declaration of Bioethics and
Human Rights (UNESCO).

RESULTS

In the analysis of lipid metabolism parameters,
a significant increase in TC, TG, LDL-C, VLDL-C, and
CA, as well as a decrease in HDL-C in patients with CHF
against the background of CAD with concomitant T2DM
and obesity was observed compared with patients with
CAD and obesity, CAD without concomitant metabolic
pathology and with control subjects (p < 0.05). The data
are presented in Table 1.

Tabnuusa 1. AHani3 nokasHuKiB NinigHoro 06MiHy Ta piBHIB CMPOBaTKOBOrO KaTeCTaTUHY Y XBOPUX AOCHIAXKYBaHWUX rpyn
Table 1 Analysis of lipid metabolism and serum catestatin levels in patients of the study groups

XBopi 3 XCH
[okasHuK, oguHULI Patients with CHF
BMMIipIOBaHHS IXC + IXC + . IXC 6e3
Indicator, IXC+LL 2-ro Tuny + OXWPIiHHS U 2-ro tuny CAD Sxémbr;:?ﬂ meTtaboniyHoi narornorii
measurement units CAD + T2DM + obesity (n=75) CAD + T2DM (n=50) Y CAD without metabolic
(n=50) pathology (n=50)
8XC, mmone/n 6,41£0,08 5,38+0,07 5,42+0,11 5,29+0,09
TC, mmol/l
p,,<0,05
b, 0,05 P.,<0,05 p. <005
23 p.,>0,05 14
p,,>0,05 34m
T, Mmonb/n 2,84+0,07 1,810,08 1,91£0,09 1:44£0,05
TG, mmol/l
p,,<0,05
b, 50,05 P.,<0,05 p. <0,05
23 p.,<0,05 14
p,.,<0,05 34
XC NMNBL, mmonb/n
HDL-C, mmoll 1,15+£0,03 1,77+0,04 1,74+£0,03 2,47+0,07
P,<0.05 <0,05
p,>0,05 E1-s< 00a p,.,<0,05
p,,<0,05 34
XC NMHLL, mmons/n 4,68£0,05 2,74£0,04 2,940,086 2,35£0,04
LDL-C, mmol/l
p,,<0,05
b, 50,05 P.,<0,05 b. <005
23 p.,<0,05 14
p,,<0,05 34
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lpodoexeHHs1 mabn. 1

XBopi 3 XCH
[NokasHuK, oanHULI Patients with CHF
BMMIipIOBaHHSA IXC + IXC + OXUDIHHS IXC 6e3
Indicator, IXC+LA 2-ro Tuny + OXMpiHHA L4 2-ro Tuny CAD + oszit meTaboniyHoi natonorii
measurement units CAD + T2DM + obesity (n=75) CAD + T2DM _ y CAD without metabolic
. (n=50) .
(n=50) pathology (n=50)
XC L, wonuin 0,58:0,05 0,37+0,04 0,39:0,03 0,3020,04
p,,<0,05
p,.>0,05 Pis=008 P,,<0.05
p, ,<0,05 Pas=Ds
K’é 4,57+0,04 2,04+0,05 2,15+0,07 1,14+0,06
p,,<0,05
p,.>0,05 P15<0.,05 p,,<0,05
p,.<0,05 Ps4<0.05
Karecramuy, Hrimn 1,54£0,21 4,83:0,19 4,93£0,20 6,91£0,17
Catestatin, ng/ml
p,,<0,05
p,.>0,05 P14<0.05 p,,<0,05
p,.<0,05 P3,<0.05

Cnig 3a3Ha4nTy, WO XOA4eH napameTp ninigorpamu He
NpPosiBMB AOCTOBIPHMX 3MiH MK XBopuMM Ha IXC 3 cynyTHIM
LA ta nauieHtamu 3 IXC Ta oxumpiHHam (p>0,05). Mopni6Hi
pe3ynsTati MoXyTb OyTU MOACHEHI CiNlbHUMK MexaHi3ma-
MU IP aK y XBOpUX 3 OKMPIHHAM, Tak i3 LI 2-ro tuny, ska
€ KITIOYOBMM MexaHiamMom aucninigemii. TakoX 3Ha4YHun
BMNNVB Mae CUCTEMHE 3anarieHHs, sike BMnvMBaE Ha MeTa-
6oniam ninigis i cnpusie NporpecyBaHHi0 atepocknepoay [8].

Hanmeuwi koHueHTpauii 3XC cnoctepiranucs y rpyni
naujentiB 3 XCH, IXC, uykpoBum piabetom 2-ro tuny Ta
OXUPiHHAM (rpyna 1), Wo CBigYMTb NPO 3HAYHI NMOPYLLEH-
H$1 ninigHOro obMiHy Npy NOEAHAaHHI Uux natonorin. PiBeHb
3XC y uin rpyni 6yB Ha 21,2% Buwwmm, Hix y rpyni 3 XCH
Ta IXC 6e3 meTaboniyHoi natonorii (rpyna 4), Wwo nigkpec-
ntoe BNMB MeTaboniyHmx nopyLueHb Ha nigsuLeHHst 3XC.
Y rpynax 3 XCH, IXC Ta L[ 2-ro Tuny (rpyna 2) Ta 3 XCH,
IXC Ta oxupiHHaM (rpyna 3) piBHi 3XC 6ynu nomipHo nig-
BuLIeHi (Ha 1,7% Ta 2,5% BignoBigHO) NOPIBHSHO 3 rpynoto
4, ane 3Ha4yHO HWXMI, HiX y rpyni 1. Lle Bkasye Ha Te, Wwo
sk LW 2-ro Tuny, Tak i OXMPiHHSA OKpemo, CnpusitoTb NiaBu-
weHHto 3XC, ane ix NOEAHAHHSA Ma€e CUHEPTiYHMIN edOeKT.

AnarnoriyHo go 3XC, HamBuwa koHueHTpauisa TI 6yna
BMSIBNieHa y rpyni 1, WO CBiAYMTb NMPO BUPAXKeHy rinep-
TpYrmiLepuaemito y nauieHTiB 3 NOEAHaHO MeTabormniyHO
natonorieto. PiseHb TI™ y wini rpyni 6yB Ha 97,2% Buumm,
HiXX Y 4 rpyni, Wo AeMOHCTpye 3HauyHui Bnnue LI 2-ro Tuny
Ta OXUPiIHHA Ha MeTtaboniam Tl Y rpynax 2 Ta 3 Takox
cnoctepiranocs nigBULWEHHS piBHA TIT NOPIBHAHO 3 rpy-
noto 4 (Ha 25,7% Ta 32,6% BiAnNoOBIOHO), WO NiATBEPAXYE
X ponb y po3ButKy aucninigemii. MNpote, nigsuiieHHst 6yno
3HaYHO MEHLUMM, HiX y rpyni 1, WO BKasye Ha Te, Lo no-
eaHaHHsA LU 2-ro Tuny Ta oXupiHHA Mae BinbLu NOTYXHWN
BMAMB Ha piBeHb TT, HiXX KOXXHa 3 LIMX NaTonorin OKPeEMO.

Ha BigMiHy Bif, iHLLMX nokasHukiB, piBeHb XC JIMBLL 6ys
HaNHWKYMM Yy rpyni 1, WO CBiAYMTb NPO 3HWDKEHHS aHTUa-
TeporeHHoi pakuii XxonecTepuHy y nNauieHTiB 3 noegHa-
Hoto MeTabonivHoto natonorieto. KoHueHTpauis XC NMBLL,
y uin rpyni 6yna Ha 53,4% HWKYOL0, HiXX Y XBOPUX 3 i3011b0-
BaHMM nepebirom IXC, Lo nigkpecntoe HeraTMBHUIA BNVB

It should be noted that none of the lipid profile
parameters showed significant changes between patients
with coronary artery disease with concomitant T2DM and
patients with CAD and obesity (p>0.05). Such results
may be explained by common mechanisms of IR in both
obese and T2DM patients, which is a key mechanism
of dyslipidaemia. Systemic inflammation, which affects
lipid metabolism and contributes to the progression of
atherosclerosis, also has a significant impact [8].

The highest concentrations of TC were observed in
the group of patients with CHF, CAD, T2DM and obesity
(group 1), indicating significant lipid metabolism disorders
in the combination of these pathologies. The level of TC
in this group was 21.2% higher than in the group with
CHF and CAD without metabolic pathology (group 4),
which emphasises the influence of metabolic disorders
on the increase in CVD. In the groups with CHF, CAD
and T2DM (group 2) and with CHF, CAD and obesity
(group 3), the levels of TC were moderately increased (by
1.7% and 2.5%, respectively) compared with group 4, but
significantly lower than in group 1. This indicates that both
T2DM and obesity individually contribute to TC, but their
combination has a synergistic effect.

Similarly to TC, the highest TG concentration was
found in group 1, indicating severe hypertriglyceridemia in
patients with combined metabolic pathology. The TG level
in this group was 97.2% higher than in group 4, which
demonstrates the significant impact of T2DM and obesity
on TG metabolism. Groups 2 and 3 also showed an
increase in TG levels compared with group 4 (by 25.7%
and 32.6%, respectively), which confirms their role in the
development of dyslipidaemia. However, the increase
was significantly less than in group 1, indicating that the
combination of T2DM and obesity has a more powerful
effect on TG levels than either of these pathologies alone.

In contrast to other parameters, HDL-C levels
were lowest in group 1, indicating a decrease in the
antiatherogenic fraction of cholesterol in patients with
combined metabolic pathology. The HDL-C concentration
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LA 2-ro Tvny Ta oxupiHHA Ha piBeHb XC JMBLL. Y rpynax
2 1a 3 piBeHb XC JIMBLL Takox 6yB 3HWKEHWIA NOPIBHAHO
3 rpynoto 4 (Ha 28,3% Ta 29,6% BiaNoBigHO), ane MeHLLO
Mipoto, HiXX y rpyni 1. Lle cBigumTb Npo Te, WO noegHaHHA
mMeTaboniyHoi natonorii Mae Ginbll BUPaXXeHuA HeraTue-
HUIN edpekT Ha 3HkeHHs XC NIMBLL.

PiseHe XC JMHL, 6yB Haveuwwmm vy rpyni 1, wo
BKa3ye Ha 3HayHe MiABUWLUEHHSI NpoaTeporeHHoi dpak-
Lii XonecTtepuHy Y nauieHTiB 3 NOEAHAHOK MNaTomMorieto.
KoHueHTpauis XC JMHLW, y uin rpyni 6yna Ha 99,1%
BUMLLIOKO, HiX Y rpyni 4, WO CBigYMTb MPO CUIbHUIA BNMVB
LA 2-ro Tuny Ta oxupiHHa Ha nigsuweHHs XC JTMHLL,.
Y rpynax 2Ta 3 Takox cnocrtepiranocs nigBULLEHHS
piBHsa XC JIMHL nopiBHsiHO 3 rpynoto 4 (Ha 16,6% Ta
25,1% BignoBigHO), ane 3Ha4YyHO MeHLUe, HiX y rpyni 1.
Lle migTBepaxye, wo obmnasi natonorii cnpusitoTb 36inb-
weHHto XC JMHL, ane ix noegHaHHs Mae 3HAYHUN
KyMYNSTUBHUIN edDeKT.

OuHawmika 3min XC NMAHL 6yna nogibHoto go TI ta
JINMHLW,. HanmBuwa koHueHTpauis JINMNOHLL cnocTepirana-
csy rpyni 1, WO BKasye Ha iX 3Ha4YHUI BHECOK y AMUcnini-
aemito npu noegHaHHi LA 2-ro Tuny ta oxumpiHHs. PiBeHb
XC NMNAHLW, y uin rpyni 6yB Ha 93,3% BULWMM, HiX y rpyni
4. Y rpynax 2 ta 3 piseHb XC JTNAHLL Takox 6yB niasu-
LLeHW nopiBHAHO 3 rpynoto 4 (Ha 23,3% T1a 30% signo-
BiQHO), ane MeHLwo Mipoto, HiX y rpyni 1. Lle y3rogxy-
eTbecs 3 gaHmmu npo TT, ockinekun JINMOHLL, € ix ocHoBHUM
NepeHOCHNKOM.

KA, wo Bigobpaxae cniBBigHOLLEHHS NPO- Ta aHTUa-
TEePOreHHWX dpakuivi xonectepuHy, 6ys HaVBULWNM Y rpy-
ni 1, WO CBigYMTb NPO HAMBULLMIN PU3MK aTepOCKNepo3y
y uiei kateropii nauieHTiB. 3HaveHHs KA y uinn rpyni 6yno
Ha 302,6% Buwmm, HiX y rpyni 4, WO AEMOHCTPYE 3Ha-
YHUW BANMB noegHaHHa L 2-ro Tuny Ta OXWMPIHHA Ha
aTeporeHHICTb minigHoro npodinto. Y rpynax 2 ta 3 KA
Takox OyB nigBULLEHWI MOPIBHSHO 3 rpynoto 4 (Ha 78,9%
Ta 88,6% BiANoOBIAHO), ane 3Ha4YHO MeHLue, HiX y rpyni 1.
Lle nigkpecnioe, wo obuagi natonorii okpemo 306inbLuy-
I0Tb PU3MK aTepOCKIepoay, ane ix NoeaHaHHsA 3Ha4YHO Mo-
CUNIOE Lien eqdoekT.

AHani3 piBHIB KaTecTaTuHy BMSBMB X 3HA4YHE 3HU-
YKEHHS B OCHOBHIl rpyni AOCNIMKEHHSI MOPIBHAHO 3 rpy-
namu NOpiBHAHHA. 30Kpema, KOHLEHTpaLis KaTecTaTuHy
B OCHOBHIV rpyni 6yna Hux4voto Ha 68,5%, 69,3% Ta 78%
BignosigHo (p < 0,05), Hix y 2-1, 3-11 Ta 4-4 rpynax nopis-
HsiHHSA. Kpim Toro, cnocTepiranacs cTaTuCTUYHO 3HadyLa
pisHnust (p < 0,05) 3 KOHTPOMbHOK Tpymnoto, Ae PiBEHb
KaTecTaTMHy B OCHOBHIiN rpyni 6yB Hwx4MM Ha 84,5%.
Lle ysromkyeTbca 3 AaHWMM NPO iHLWI MNOKa3HWKW Ninigo-
rpamy Ta nigTBepaxye, Wo noegHaHHa LA 2-ro tuny Ta
OXMPIHHSA Mae HanbinNbLL BUPaXXeHUA HEraTUBHWUIA BNNB
Ha piBEeHb KaTecTaTuHy.

OTpumaHi pesynbTaTt BUSIBUNIU  HU3KY 3HAYYLLMX
KOpensuinHMX 3B'A3KIB MK PIBHEM  LIMPKYITHOHYOrO
KaTecTaTuHy Ta NnokasHukamu ninigHoro 06MmiHy y XBOpMX
Ha XCH Ha tni IXC, ycknagHeHoi oxupiHHam Tta LU 2-ro
TMNy (NpY KPUTUYHOMY 3HAYeHHI KoedilieHTa kopensuii
=0,38). OaHi HaBegeHi y Tabnuui. 2.

r'crit

in this group was 53.4% lower than in patients with
isolated coronary artery disease, which emphasises
the negative impact of T2DM and obesity on HDL-C
levels. In groups 2and 3, HDL-C levels were also
reduced compared with group 4 (by 28.3% and 29.6%,
respectively), but to a lesser extent than in group 1. This
suggests that the combination of metabolic pathology has
a more pronounced negative effect on HDL-C lowering.

The level of LDL-C was highest in group 1, indicating
a significant increase in the proatherogenic fraction of
cholesterol in patients with combined pathology. The
LDL-C concentration in this group was 99.1% higher
than in group 4, indicating a strong influence of T2DM
and obesity on LDL-C elevation. Groups 2 and 3 also
showed an increase in LDL-C levels compared to group
4 (by 16.6% and 25.1%, respectively), but much less than
group 1. This confirms that both pathologies contribute
to an increase in LDL-C, but their combination has
a significant cumulative effect.

The dynamics of VLDL-C changes was similar to TG
and LDL-C. The highest concentration of VLDL-C was
observed in group 1, indicating their significant contribution
to dyslipidaemia in the combination of T2DM and obesity.
LDL-C levels in this group were 93.3% higher than in group
4. In groups 2 and 3, LDL-C levels were also elevated
compared with group 4 (by 23.3% and 30%, respectively),
but to a lesser extent than in group 1. This is consistent
with the data on TG, since VLDL-C is their main carrier.

The AC, which reflects the ratio of pro- and anti-
atherogenic cholesterol fractions, was highest in group
1, indicating the highest risk of atherosclerosis in this
category of patients. The AC value in this group was
302.6% higher than in group 4, which demonstrates
a significant effect of the combination of T2DM and
obesity on the atherogenicity of the lipid profile. In groups
2 and 3, AC was also increased compared with group
4 (by 78.9% and 88.6%, respectively), but significantly less
than in group 1. This emphasises that both pathologies
individually increase the risk of atherosclerosis, but their
combination significantly enhances this effect.

Analysis of catestatin levels revealed a significant
decrease in the main study group compared with the
comparison groups. In particular, the concentration of
catestatin in the main group was 68.5%, 69.3% and 78%
lower, respectively (p < 0.05), than in the 2nd, 3rd and 4th
comparison groups. In addition, there was a statistically
significant difference (p < 0.05) with the control group,
where the level of catestatin in the main group was
84.5% lower. This is consistent with the data on other lipid
parameters and confirms that the combination of T2DM
and obesity has the most pronounced negative effect on
catestatin levels.

The obtained results revealed a number of significant
correlations between the level of circulating catestatin
and lipid metabolism in patients with chronic heart
failure against the background of CAD complicated by
obesity and T2DM (with a critical value of the correlation
coefficient r_,=0.38). The data are presented in Table 2.
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Tabnuus 2. B3aeM03B’A3k1 MidX piBHEM LIMPKYIIOKYOro KaTecTaTuHy Ta NoKasHuKaMu finigHoro obmiHy y XBOPUX Ha XPOHIYHY

cepLeBy HEOCTATHICTb Ha THi iLLeMiYHOT XBOPOOYM cepLs 3 CynyTHIM OXUPIHHAM Ta LlyKpoBuM Aiabetom 2-ro Tuny (r

=0,38)

crit

Table 2. Relationships between circulating catestatin levels and lipid metabolism in patients with chronic heart failure
against the background of coronary artery disease with concomitant obesity and type 2 diabetes mellitus (r_,=0.38)

MapameTp
! p
parameter
3XC, mmonb/n ~
TC, mmol/l 0,08 0,286
TI, Mmmonb/n _
TG, mmol/l 0,43 <0,001
XC NMNBLL, mmonb/n 0.50
HDL-C, mmol/l ) <0,001
XC NMHLL, mmonb/n ~
LDL-C, mmol/l 0,39 <0,05
XC nngHL, mmons/n ~
VLDL-C, mmol/l 0,24 0,005
KA
AC 0,49 <0,001

CrocTepiranmca NOMIpHI  HeraTuBHI  Kopensuii  Mix
piBHEM KaTecTaTuHy Ta koHueHTpauiamu TI, XC NMHLL,
XC NnaHL, KA. BogHovac, BMSABMEHO NOMIpHUIA NO3u-
TUBHUI KOPEnsUinHWIA 3B’A30K MK piBHEM KaTecTaTuHy
Ta koHueHTpauieto XC JIMBL. Mpu ubomy, kopensis
Mk piBHem 3XC Ta kaTtecTaTMHOM He Jocsirna craTuc-
TUYHOI 3HauvywlocTi. Lle Bkasye Ha Te, WO NiABULLEHHS
PiBHSA KaTecTaTuHy BIpOrigHO NoB’s3aHe 3i 36iNnbLUeHHAM
aHTMaTeporeHHUX pakuUii XonecTepuHy i acouiloeTb-
Csl 3i 3HWXKEHHAM PU3UKY PO3BUTKY Ta NpOrpecyBaHHsi
aTepocknepoay.

OBrOBOPEHHS

OTpuMaHi pesynbratv OOCHIOKEHHS Y3rogXyTbes
3 Cy4YaCHUMU YSABMEHHSIMM MPO CKragHi B3aEMO3B’SA3KM
MixX MeTaboniyHMMKM NopyLLEHHAMM Ta NiNiAHUM OOMiHOM
y xBopux Ha XCH Ha tni IXC. BusiBneHi 3Ha4Hi 3mMiHu B ni-
nigHomMy npodini y nauieHTiB 3 noegHaHHAM XCH Ha Tni
IXC 3 U 2-ro Tvny Ta oxupiHHam (rpyna 1) nigkpecnto-
I0Tb CUHEPriYHWIA HeraTvBHUIM BNAMB LMX CTaHiB. Bupa-
KEHa rinepxonecTepuHeMis, rineptpurnilepuaemis, nig-
BuLLeHHs piHA XC JIMHLL Ta sHmwkeHHsa XC JIMBL y win
rpyni ceig4aTte Npo rmyMbOKi MopyLIeHHs perynsauii ninig-
HOro o6MmiHy, OnMcaHi B OCNIAKEHHAX OCTaHHiX pokis [9].

Lli 3miHM MOXyTb ByTn 3ymOBReHi Kinbkoma dakTo-
pamu, BKMKOYaloYM iHCYNIHOPE3UCTEHTHICTb, CUCTEMHE
3ananeHHs Ta 3MiHW B eKCnpecii Knio4oBux epmMeHTiB
i peuenTopiB, Wo 6epyTb yyacTb y MeTaboniami ninigis.
MoegHaHHa LA 2-ro Tvny Ta OXMPiHHA, NMOBIPHO, NpuU-
3BOOMUTb A0 MOCUIIEHHSA LMX MaTOMOMYHMX NPOLECIB, LU0
JeTanbHOo po3msaaaeTees B omnsAgi Lee ta cnieasr. [10]

MopibHi pesynsTat y3rodXyTbCa 3 AaHUMK Mone-
peaHix gocnigxeHb, fAKi Mokasanu, Lo iHcyrniHopesuc-
TEeHTHICTb, XxapakTtepHa ana LU 2-ro Tuny Ta OXUPiHHS,
TicHO noB’A3aHa 3 AucninigemMieto, BKIHOYaYX NiaBuU-
weHHs pieHa TT Ta XC JIMHLL, a Takox 3HWXEeHHS piBHS
XC JNBLW, [11]. CuctemHe 3ananeHHs, ke crnocTepira-
€TbCS MPW UMX CTaHax, TakoX BiAirpae BaXxnuBy porb
y NopyLleHHi ninigHoro obminy [12].

[MomipHiwi 3miHn B ninigHoMy npodini y nauieHTiB
3 XCH Ta IXC y noegHanHi 3 L 2-ro Tuny (rpyna 2) abo
OXUpIHHAM (rpyna 3) nigTBepaXyloTb, WO obuasa crta-
HVM OKpPeMO CnpusTb Po3BUTKY Agucninigemii. OgHak, ix

Moderate negative correlations were observed
between the level of catestatin and the concentrations
of TG, LDL-C, VLDL-C and AC. At the same time,
a moderate positive correlation was found between the
level of catestatin and HDL-C concentration. However, the
correlation between the level of VLDL-C and catestatin
did not reach statistical significance. This indicates that
the catestatin levels increase is significantly associated
with an increase in antiatherogenic cholesterol fractions
and is associated with a reduced risk of atherosclerosis
development and progression.

DISCUSSION

The results of the study are in line with current
understanding of the complex interrelationships between
metabolic disorders and lipid metabolism in patients with
CHF in the setting of CAD.

Significant changes in the lipid profile in patients with
a combination of CHF on the background of CAD with T2DM
and obesity (group 1) emphasise the synergistic negative
impact of these conditions. Severe hypercholesterolemia,
hypertriglyceridemia, increased LDL-C and decreased
HDL-C in this group indicate profound disorders of lipid
metabolism regulation described in recent studies [9].

These changes may be due to several factors, including
insulin resistance, systemic inflammation, and changes
in the expression of key enzymes and receptors involved
in lipid metabolism. The combination of T2DM and obesity
is likely to exacerbate these pathological processes, as
discussed in detail in the review by Lee et al. [10]

Such results are consistent with previous studies
that have shown that insulin resistance, which is
characteristic of T2DM and obesity, is closely associated
with dyslipidaemia, including increased TG and LDL-C
levels, and decreased HDL-C levels [11]. The systemic
inflammation observed in these conditions also plays an
important role in lipid metabolism [12].

Moderate changes in the lipid profile in patients with
CHF and CAD in combination with T2DM (Group 2) or
obesity (Group 3) confirm that both conditions individually
contribute to the development of dyslipidaemia. However,
their combined effect is much more powerful than the
effect of each of them separately [13].
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CYKYMHUN ePeKT € 3HAYHO MOTY>KHILUMM, HiX BMNSIMB KOX-
HOro 3 HMx okpemo [13].

BHIDKEHHS PIBHSA KaTecTaTUHY y NauieHTiB 3 KoMopOiaHi-
ctio LU 2-ro Tuny Ta OXKUPIHHAM KOpEemne 3 BUPaXKEHUMMN
NOpYLUEHHSIMU MinigHOro 06MiHy Ta MiATPMMYE rinoTesy nNpo
noro ponb y perynsuii metaboniyHux npouecis. Tak, noTeH-
LiHa 3ax1CcHa porb KaTecTaTuHy Y KOHTEKCTi aTepocKrnepo-
3y aKTMBHO PO3rMsAaETbCs CydacHUMU aocnigHnkamu [14].

Lli pesynbtat y3romKyTbCs 3 OOCTIAXEHHAMMN, SKi
nokasanw, Lo KaTtecTaTuH MOXe BNIMBaTh Ha eKCNpecito
reHiB, Aki 6epyTb yyacTb y ninoreHesi Ta ninonisi, a Takox
Ha PYHKUiIO KIITWMH neviHky Ta agunouumTis [15]. Kpim Toro,
BiJOMO, L0 KaTecTaTuH Mae NpoTuaananbHi BNacTUBOCTI,
MPUrHiYy04KM akTMBaLito Makpodaris i 4eHAPUTHUX KNITUH
Ta 3HWXKYKYM MPOAYKLI0 npo3ananbHUX LUTOKIHIB, Ta-
KMX SIK iHTeprenkKiH-6 Ta akTop HeKpo3y nyxnuHu-a [3].
Ockinbku 3ananeHHs Bigirpae Kro4oBYy pPofb Y PO3BUTKY
avcninigemii, npotm3ananbHi edekTn KaTectaTuHy Mo-
XyTb CIPUSATU NOMIMLIEHHIO NiNiGHOro NPoginto.

OpepxaHi Hamy pesynbTaTy NeperykyTbCs 3 OCTaHHI-
MW JOCTIIKEHHSAMN YKPATHCbKUX BYEHNX, 30Kpema [NaHKoBOT
O.A., OyHaesoi L.IN., Binosona O.M., siki akTMBHO JOCHIOXKY-
I0Tb POrib KaTecTaTuHy sik biomapkepa kapaiomeraboniyHnx
nopyLUueHb. Halle OocnimKeHHst He nuLue nigTBepakye aia-
FHOCTUYHWIA Ta NPOrHOCTUYHWI NOTEHLian KatectTaTuHy npu
MOEAHaHHI iLueMiYHOT XBOpobM cepust, XPOHIYHOI cepLeBoil
HeJOCTaTHOCTI, LlyKpOBOro AiabeTy 2-ro TMny Ta OXMPIHHS,
are " po3LMpIoe Lii 3HaHHA 1 BigKpMBaEe nepcnekTusem ans
noganbLlMX CrinbHUX OOCNIMKEHb LWOAO MNaTOreHeTUYHO!
poni KkaTecTaTuHy Ta NOro MoTeHuiany sk MilleHi Ans pos-
pOGKN HOBUX TepaneBTUYHUX CTpaTeriii, CNPAMOBaHMX Ha
KOpekUjto ninigHoro obMiHy Ta 3HWXKEHHS pU3UKy cepue-
BO-CYAMHHWX YCKnagHeHb [16, 17].

BigcyTHICTb 3HauyLWoi Kopensuii Mk KaTectaTMHOM
Ta 3XC MOoXe CBiguMTK Mpo Te, WO BMMMB KaTecTaTuHYy
Ha ninigHMn 0OMiH € BinbLU CKNagHUM i CENEeKTUBHUM, HiX
NPOCTO pEerynoBaHHA 3aranbHOrO PiBHS XOMNEeCTEPUHY.
MoxnnBo, kaTecTaTuH NepeBaXkHO BnnMBae Ha mMeTabo-
niam T Ta okpemux dpakLii XonecTepuHy, Lo notpedye
nofanbLUnX AOCHioKeEHb.

OTpumaHi gaHi MalTb BaXIMBE KIiHIYHE 3HAYEHHS,
OCKifNbKM BOHW MIOKPECMOTh HEOOXIOHICTb KOMMMIEKCHO-
ro nigxoay Ao nikyBaHHA nauieHTie 3 XCH Ta IXC, ycknaa-
HeHux MeTaboniyHMMK nopyLleHHaMKU. Hopmanisauis
piBHSA KaTeCTaTUHy MoXxe ByTu NOTEHLINHO TepaneBTUY-
HOI cTpaTerieto Ans Kopekuii aucninigemii Ta 3HUKeHHs
PY3UKy CepLeBO-CYOMHHUX YCKNafHeHb Y Ui€i karteropil
nauienTiB. MNpoTe, HeoOXiaHI NoganbLi 4OCHIMKEHHS Ans
3’9CyBaHHs TOYHUX MEXaHi3MIB Aii kKaTecTaTuHy Ta OLiHKM
MOro TepaneBTUYHOrO NoTeHLiany.

BUCHOBKH

Y nauieHTiB i3 XPOHIYHOK CepLeBOD HEOOCTaTHICTIO
iLUEMIYHOTO MOXOMKEHHSA 3 CynyTHIMU LyKpoBMM [iabe-
TOM 2-ro TUNY Ta OXUPIHHSAM BCTAHOBIEHO HaMBUPa3HiLUi
nopyLleHHs ninigHoro Npointo, Lo 3yMOBIIEHO CUHEpP-
riYHUM edpekToM. BusHayeHo piBeHb Tpurniuepugis sk
KMIOYOBOrO  MOKa3HvKa rinepTpurniuepyaemii - BULLUM
Ha 97,2%, XxonecTepuHy ninonpoTeiHiB HU3bKOI LUiNb-
HOCTi, OCHOBHOI MpoaTeporeHHol pakLii XonecTepuHy,
Ha 99,1%, koediUieHT aTepOreHHOCTi AK iHTerpanbHuUn
nokasHuWK pusuky atepocknepody Ha 302,6%, a piBeHb

Decreased levels of catestatin in patients with
comorbidity of T2DM and obesity correlate with severe
lipid metabolism disorders and support the hypothesis of
its role in the regulation of metabolic processes. Thus,
the potential protective role of catestatin in the context of
atherosclerosis is being actively considered by modern
researchers [14].

These results are consistent with studies that have
shown that catestatin can affect the expression of genes
involved in lipogenesis and lipolysis, as well as the
function of liver cells and adipocytes [15]. In addition,
catestatin is known to have anti-inflammatory properties,
inhibiting macrophage and dendritic cell activation and
reducing the production of pro-inflammatory cytokines
such as interleukin-6 and tumour necrosis factor-a [3].
Since inflammation plays a key role in the development of
dyslipidaemia, the anti-inflammatory effects of catestatin
may contribute to the improvement of lipid profile.

Our findings resonate with Ukrainian scientists’ recent
researches, particularly Pankova O.A., Dunaieva I|.P,
Bilovol O.M., who are actively investigating the role of
catestatin as a biomarker for cardiometabolic disorders.
Our study not only confirms the diagnostic and prognostic
potential of catestatin in the context of combined CAD,
CHF, T2DM and obesity, but also expands upon this
knowledge. It opens up the ways for further collaborative
research into the pathogenetic role of catestatin and
its potential as a target for developing new therapeutic
strategies aimed at correcting lipid metabolism and
reducing the risk of cardiovascular complications [16, 17].

The absence of a significant correlation between
catestatin and TC may indicate that the effect of catestatin
on lipid metabolism is more complex and selective than
just regulating TC. It is possible that catestatin mainly
affects the metabolism of TG and certain cholesterol
fractions, which requires further research.

The data obtained are of clinical importance, as they
emphasise the need for a comprehensive approach to
the treatment of patients with CHF and CAD complicated
by metabolic disorders. Normalisation of catestatin
levels may be a potential therapeutic strategy to correct
dyslipidaemia and reduce the risk of cardiovascular
complications in this category of patients. However, further
studies are needed to elucidate the exact mechanisms of
catestatin action and assess its therapeutic potential.

CONCLUSIONS

In patients with chronic heart failure of ischemic origin
with concomitant type 2 diabetes mellitus and obesity, the
most pronounced lipid profile disorders were found, which
is due to a synergistic effect. The level of triglycerides as
a key indicator of hypertriglyceridemia was determined to
be 97.2% higher, low-density lipoprotein cholesterol, the
main proatherogenic fraction of cholesterol, by 99.1%,
the atherogenicity coefficient as an integral indicator of
atherosclerosis risk by 302, 6%, and the level of high-
density lipoprotein cholesterol was lower by 53.4%
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XONecTepyHy MinonpoTeiHiB BUCOKOI LUiNbHOCTI — HUX-
unm Ha 53,4% y nauieHTiB 3 CUHTPONIYHOIO MAaTOOTriIElD,
LLIO CBigYMTL NPO rMuboKi MopyLLEHHsT MeTaboniamy Xupis
npv NoeaHaHHI LLyKpoBOro Aiabety 2-ro Tuny ta 0XXMpiHHA
y NOPIBHSIHHI 3 XBOpUMYK 6€3 MeTaboniyHnX NopyLUEHb.
OpepxaHO [aHi LWOOO0 3HMKEHOro piBHA CUpoBaT-
KOBOrO KaTecTaTuHy Y XBOPWX 3 NOEAHaHUM nepebirom
XCH iwemiyHoro reHesy, LyKpoBoro giabety 2-ro tuny Ta
OXUPIHHAM Ha 84,5% NOpPIBHSIHO 3 KOHTPOSIBHO IPYMOL,
a Takox Ha 68,5% Ta 78% y nopiBHsHHI 3 xBopuMu 3 XCH
Ta IXC, y sakmux 6ynu npmcyTHi N1Lie LuykpoBui giabet 2-ro
TNy abo OXMPIHHS, WO NiAKPECOE NOTEHLINHY POnb Ka-
TecTaTvHy K Mapkepa TSXKOCTI Aucninigemii npn noea-
HaHUX kapaioMeTabonivyHMX 3aXBOPIOBaAHHSIX.
BcTaHoBNeHO 3HauyLli KopensuinHi 3B'a3kuM MiX piB-
HEM KaTecTaTuHy Ta KIYOBMMU NOKa3HUKaMU NinigHoro
0OMiHy: crnocTepiraloTbCs MOMIpHI HeraTuBHI kopensuii
MK piBHEM KaTecTaTUHy Ta KOHLUEHTpauisMu Tpurniue-
puais (r = -0,43, p < 0,001), xonecTtepuHy ninonpoTeiHis
HM3bKOI WinbHocTi (r = -0,39, p < 0,05), xonecTepuHy ni-
NonpoTeiHiB Ay»e HU3bKOI LWinbHocTi (r =-0,24, p = 0,005)
Ta koedilieHToM ateporeHHocTi (r = -0,49, p < 0,001).
BogHoyac BMSABNEHO MOMIPHWA MO3UTUBHWIA  KOpens-
LiHUIA 3B’A30K MK PiIBHEM KaTeCTaTMHY Ta KOHLEHTpa-
Li€l0  XOonecTtepuHy ninonpoTeiHiB BUCOKOI  LUiNbHOCTI
(r=0,50, p <0,001). OgepxaHi AaHi NiAKPECIOTb NOTEH-
LiNHY BaXnMBICTb KaTecTaTUHy B natoreHesi gucninigemil
y NauieHTiB 3 XPOHIYHOK CepLeBO0 HELOCTaTHICTIO, ile-
Mi4HO XBOPOBGOIO cepus Ta MeTabomniYHUMK NOPYLLEHHS-
MW, LLIO TAKOX MOXE MaTh 3HAYEHHS Ansi PO3poOKN HOBUX
TepaneBTUYHNX CTpaTeriv, CNpsMOBaHWX Ha MOZYmsLito
piBHSI KaTeCTaTUHY ONs1 KOpeKLii nopyLleHb ninigHoro o6-
MiHY Ta 3HVKEHHSI PU3UKY CEPLIEBO-CYAMHHUX YCKNaaHEHb.
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in patients with syntropic pathology, indicating profound
disorders of fat metabolism in the combination of type
2 diabetes mellitus and obesity compared to patients
without metabolic disorders.

The data on reduced serum catestatin levels
in patients with combined chronic heart failure of ischaemic
genesis, type 2 diabetes mellitus and obesity by 84.5%
compared to the control group, as well as by 68.5% and
78% compared to patients with chronic heart failure and
coronary artery disease, where only type 2 diabetes
mellitus or obesity were present, emphasising the
potential role of catestatin as a marker of dyslipidaemia
severity in combined cardiometabolic diseases.

Significant correlations between catestatin levels
and key lipid metabolism parameters were found:
Moderate negative correlations were observed between
catestatin levels and concentrations of triglycerides
(r =-0.43, p < 0.001), low-density lipoprotein cholesterol
(r=-0.39, p <0.05), very low-density lipoprotein cholesterol
(r = -0.24, p= 0.005) and atherogenicity coefficient
(r=-0.49,p <0.001).Atthe same time, a moderate positive
correlation was found between the level of catestatin and
the concentration of high-density lipoprotein cholesterol
(r = 0.50, p < 0.001). The data obtained emphasise the
potential importance of catestatin in the pathogenesis
of dyslipidaemia in patients with chronic heart failure,
coronary artery disease and metabolic disorders, which
may also be important for the development of new
therapeutic strategies aimed at modulating catestatin
levels to correct lipid metabolism disorders and reduce
the risk of cardiovascular complications.
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Prospects for further research

Modern medicine is increasingly striving for
a personalised approach. Taking into account the
dynamics of serum catestatin levels can be an important
biomarker for determining the optimal lipid-lowering
therapy for a particular patient.
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