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Huwyk-Onitinuxk H.5. Oco0IMBOCTI peMOJIeNIOBaHHSI MiOKapJia B XBOPHUX Ha
CTablIpHY 1IIEMIYHY XBOpOOYy cepls 13 CYMYTHIM I[yKPOBUM Jia0eToM 2 THITY:
CHocoOU MeIUKaMEHTO3HOT KOPEKIIii

Huceprariist Ha 3100yTTS CTyneHs JgokTopa (imocodii y ramys3i 3HaHb — 22
OxopoHa 370poB’s, 3a crnerianbHicTIoO 222 «MeaumuHay. — IBaHO-DpaHKIBCHKHIMA
HAI[IOHAJIFHUI MeIWYHUM yHiBepcHuTeT, IBaHO-PpaHKiBChK, 2023.

IBaHO-®paHKIBCHbKUN ~ HAIlIOHAJLHUM ~ MEIWYHUM  yHIBEpCUTET, IBaHO-
®paHKiBChK, 2023.

CeprieBo-cynunHi 3axBoproBanHs (CC3) € OCHOBHOIO MPUYUHOIO CMEPTHOCTI Y
BChOMY CBITI. 3a manumu cratuctuaHuX rmokazHukiB Global Burden of Disease study
HIOp1YHA CMEPTHICTh YHACIIII0OK Kap /110BaCKyJISIPHOT MAaTOJIOT1i CTaHOBUTH 10 17,9 MITH
0ci0, TOJOBHUM YHHOM, 3a paxyHoOK imemiyHoi xBopoou cepis (IXC) — 50% Tta
1HCYNBTY — 35%), MpUYOMy OJHA TPETHHA IUX CMEPTEH BiIOyBaeThCA MEpPEeIdacHo y
moei BikoM 110 70 pokiB. biin3bko 422 MiJIbIHOHIB JTIO/IEH Y BCbOMY CBIT1 CTPaK1al0Th
Ha nykpoBui miader (LI/]), OUIBIIICT 3 SKMX MPOXKUBAIOTH Y KpaiHaX 3 HU3BKHUM 1
cepeaHIM PIBHEM J10X01y; HIOPOKY 1,5 MuibiioHa cMepTeit 0e3mocepeHkO OB’ sI3aHi 3
I[IJI. OcranHi KUIbKa NECATUIIITh YMCIO BHUMAJKIB 1 mormupenicts /] HeyxunbHO
3pOCTalid 1 YTPUMYETHCS TIOJAJIbIIA TEHACHIlIA 10 3pOCTaHHS YacCTKHU MAIll€HTIB 13
1ykpoBuM aiadetom 2 tumy (L[J12): HuHI 537 MIIH JOpOCIHX y CBITI CTpakIal0Th Ha
10 Henyry. 3a JmaHuMu HarioHanbHOi O0a3m jgaHux Center for Disease Control and
Prevention Diabetes Surveillance System, y 2022 poui nommupenns IIJI2 cepen
xkuremB CIHIA cxkmano 11,3%, mo cranmoBuino 37,3 wmiaH mamiedtiB.  LIJ]
CYNPOBOKYETHCS IBOKPATHUM 3POCTAaHHSIM PU3UKY HECTIPUSATIUBUX CYJUHHUX TTOIH
HE3aJIeKHO BiJ IHIIKUX (GAKTOPIB PUBHUKY.

Merta gociiKeHHS — yTOCKOHAUTH JIIKyBaHHSI XBOPUX HA CTA0UIbHY 1IIEMIYHY
XBOPOOY ceplis Ta CynyTHIN IyKpOBUI Ala0eT 2 TUMY NIISTXOM BKJIFOUCHHS 1HT101TOPIB
HATpPIi-3aJICKHOTO  KO-TPAHCTIOpPTEpa TIIOKO3W 2 THUMY eMnarimiduio3uHy Ta
KBEPIICTHHY Ha TIJCTaBl BUBUYCHHS OCOOJHMBOCTEM DPEMOJICTIOBAHHS MioKapja Ta

3artaJicHHs HU3bKO1 IHTEHCUBHOCTI.



JInst  MOCSTHEHHST METH  BUKOPUCTOBYBAIHICS  METOIAW  JTOCIIKEHHS:
3araJIbHOKJIIHIYHE OOCTEXKEHHs, J1labopaTopHi, IHCTPYMEHTAJIbHI Ta METOIU
CTaTUCTUYHOro aHamizy. PoOoTa BHKOHYyBalach 13 ypaxyBaHHSM IOJIOKEHb
['enbciHCHKOT AeKIaparii o0 €TUYHUX MNPUHIUIIB y AOCTIKEHHSIX 3a y4acTIo
monei. HaykoBo-mocniiHa poOoTa mMpoBoauiiacs SIK BIAKPUTE, KOHTPOJIbOBAHE,
MOPIBHSUTbHE JOCTIKEHHS Y TapajeIbHUX TpyMax. 3 yciMa yuaCHUKaMHU JTOCI1KSHHS
Oynmu mignucani iHGopMoBaHi 3rogu. JluzaliH mociipkeHHs OyB 3aTBEPIKCHUN
KOMICIEI0 3 THUTaHb €THKU [BaHO-DpPaHKIBCHKOTO HAI[IOHAIIBHOTO MEIUYHOTO
yHiBepcuteTy. byno oocrexeno 129 xBopux Ha CIXC.

Bcranosneno mo komop6iani nmamienTu 13 CIXC y noennansi i3 112 y 2,04
pasu yacriiie OyJM Mpare3gaTHOTO BIKY, 10 € 3HAYYIIOI COIIATILHOIO MPOOIEMOIO.
Jl1s moegHAHOTO MEepediry xapakTepHa MaJOCUMIITOMHA KJIiHIKa, 0€300160Ba i1eMis
Ta JOEJHAHHS CKAPT, SIKI MOKYTh OKPECIUTH CUMITOMH TIMEPTIIiKeMii.

Bigmiueno, mo mnepebir CIXC wa tm [[JI2 wactime XxapakTepu3yeTbes
oxupinaam (y 1,93 pasa); mnopymieHHIM ekcTepHanbHoi (y 1,22 pasza) Ta
oomexyBanbHOT (y 1,29 pasa) xapuoBoi moBeaiHkH; 6€300160B010 imeMiero (y 2,57
pa3a); BUpa3HUM MOPYIICHHAMHU BYTJICBOJHOTO Ta JIMiHOT0 00MiHiIB; HI)KYOKO SIKICTIO
xutTs (y 1,78 paza).

Biamiueno, mo cymytHiit [[JI2 y marmienTiB 13 CIXC 00yMOBIIIOE CTPYKTYPHO-
(yHKII0HATBHI OCOOIMBOCTI PEMOJIEIIOBAHHS MIOKapAa, sIKI MPOSIBIISIOTHCS BUILUMU
3HAYCHHSAMH KIHIIEBOrO JiacToiiunoro posmipy (y 1,23 pasa), KIiHIEBOrO
cucToNIigyHOTO po3mipy (y 1,09 paza), BITHOCHOT TOBIIIMHYU CTIHKH JIIBOTO MUTYHOYKA (Y
1,37 pa3a), CroBiJIbHEHHSAM MPOIIECIB penakcallii Miokap/aa 3a nmokasHukamu E/A (y
1,39 pasa), 3pocranussm DT ma 20,47 % ta IVRT (ma 32,09 %); wacrtimmum
(opMyBaHHSIM NATOJIOTTYHOI KOHLIEHTPUYHOI rinepTpodii giBoro nuryHouka (y 1,79
pasm).

VYceranosneno, mo CIXC 13 cynytHim [JI2 B XBOpHX XapakTepU3YEThCS
AaKTUBAITIEI0  €JIEMEHTIB  CHCTEMHOTO HH3bKOIHTCHCHMBHOTO  3amajieHHs, IO
MIPOSIBIISIETHCS, TIOPIBHSHO 3 XBOPUMH 0€3 I[yKpOBOTO aiabeTy, BUIIOK KUTHKICTIO B
KPOBI JICHKOILIMTIB 3pOCTaHHAM B KPOBI KIJIbKOCTI JieiikonuTiB (y 1,24 pasa) 3a paxyHOK

HerTpodiniB (y 1,32 paza) i mimdonuti (y 1,14 pasa); 3pocTaHHSAM iHTETrpabHUX



sananpHUX iHAekciB: [CH/M (y 1,23 paza), ICH/JI (y 1,38 paza); HanpyXeHHSM PiBHS
€HJIOTEHHOI 1HTOKCHKAIIll 3a 1HJEKCOM peakTHBHOI BiamoBimi HeWTpodutis (y 1,39
paza). Ymepiie JOBeleHa IPOBIJHA POJb CHUCTEMH TPOMOOLMUTIB y PO3BUTKY
HU3BbKOIHTEHCUBHOTO 3alajieHHs B aTeporeHe3l; MOKa3aHo, M0 MiJABHUILEHHS PiBHS
tpomOormTiB (y 1,35 pasa) cynpoBOMKYEThCS 3POCTAHHIM IHACKCY CHCTEMHOTO
imyHHoro 3amanenss (y 1,49 pasa) i € IpOrHOCTHYHO Baromi 3a OIIIHKH PO3BUTKY 1
BaxxkocTi CIXC y moemnanni 13 LIJI2. Heiitpodinu 1 TpoMOOUUTH/TIMPOLUTH Y
xBopux Ha CIXC 3a ymoBu cymytHboro IIJ[2 mepeOyBaioTh y cTaHi XpOHIYHOI
aKTHUBallll Ha TJI1 YacTile BUsBIEHOI XpoHiuHO1 1HPekiii Chlamydophila pneumoniae
(v 1,64 paza), mpossBamMu siKO1 € nucOaIaHC MPOAYKINT Mpo3anajbHUX O10JIOTIYHHX
MapkepiB y 01K 301IbILIEHHS CEKpellii Mpo3analbHUX MOJIEKYJ — BACOKOUYTIUBOrO C-
peaktuBHOTO TpoTeiny (Ha 38,96%), po3unnHOi i30¢opmu Oika ST2 (Ha 53,85%),
TpuUMeTHIaMiH n-okcuay (Ha 33,87%), piBuiB Tosui-noaionoro perentopa 2 (Ha 53,84
%) ta Toyn-mogioHoro penentopa 4 (Ha 43,75 %) Ta BigHomenHs TLR2/TLR4 (8 1,35
pasn).

VYnepie nokasaHo, 1[0 Ha MATOJIOTIYHE PEMO/ICITIOBAHHS JIIBOTO IIUTYHOUYKA MPH
JaHIi TIO€THAHIN MATOJOTIl BIUIMBAIOTh MAapKEPU MPOTPECYBaHHS aTEPOCKIEPO3y Ta
rinepriikemii: XoJecTepHH JIMonpoTeiHiB HU3bKoI mibHOCTI (XCJITTHIL) (r=+0,49),
tpuanunminepuan (TI) (r=+0,56), HbAlc (r=-0,41). Vnepiie npocTexeHa 3aJIexHICTh
dbopmyBanHs aiactoniyHoi gucdyskuii JIII Ta mporHOCTUYHO HEOIArOMPUEMHOIO
TUITY PEMOJICTTIOBaHHS Ha TJII aKTUBHOCTI 3aMajJieHHs 3a PIBHEM BHUCOKOYYTIUBOrO C-
peaktuBHOro npoteiny (r=-0,52); mokasHuKiB po3unmHHOI i30dopmu Oinka ST2 i
criBBigHomenuss E/A (r=-0,58) ta mokasHukiB po3uuHHOI i30dopmu Oinka ST2 i
BIJJTHOCHOT TOBIIIMHU CTiHKH JiiBOoro nutynouka (r=+0,39).

VYnepuie noka3zaHa 3aJIeKHICTb aKTUBHOCTI XPOHIYHOTO HU3bKOIHTEHCUBHOTO
3amajeHHs 3a MOKAa3HUKOM I1HAEKCY CHCTEMHOTO IMYHHOIO 3alaJieHHs BiJ PpiBHS
rimikemii  (r=+0,44), TI' (r=+0,54), XCJIIHIL (r=+0,37), Bucokouytrausoro C-
peakTuBHOTO npoteiny (r=+0,79), TpumeTrnamin n-okcuay (r=+0,64).

[IpiopuTeTHUMH € AaH1 MOAO 3aJIEKHOCTI MK PIBHEM TPUMETUIIAMIH N-OKCUITY

y kpoBi xBopux Ha CIXC y moennanni i3 1112 3 oxwupinusam (r=+0,59), piBHsIMH



TIIiKO3|IbOBaHOTo remornooiny (r=+0,42), TT' (r=+0,52), XCJIITHII] (r=+0,44) Ta
YHCIIOM JIeHKo1uTiB, piBHssMH hs-CPIT (r=+0,50, p<0,01) Ta sST2 (r=+0,47).

VYrepiiie BCTaHOBJIEHI 3aJI€KHOCTI MK PiBHAMH TOJUI-MIO10HOTO perenTopa 2
ta Tomn-noai6HorO peuentopa 4 1 KOHIEHTPALISIMI BUCOKOUYTIUBOTO C-peakTUBHUIMA
NPOTEiHy, CTUMYIIOI0UOTO (hakTOpa POCTy, TPUMETHIAMIH N-OKCHY, JOBEACHO, IO
nUpKyJsiis Bucokoi koHneHTpanii TLR 2 1 TLR4 mae ne3amepeuHe 3HA4Y€HHS Y
MiATPUMaHH1 3aMalbHOTO CHHAPOMY HU3bKOi IHTEHCUBHOCTI.

BiamideHo, 1o 10AaTKOBE MPHU3HAYEHHS KBEPIETHHY 10 (hapMaKoJIOT14HOI
Tepamnii, BiANOBIAHOI HacTaHoBaMm, xBopux Ha CIXC na tm L/I2 npu3BoguTh 110
MIBUIIIOT PEYKITli aHTTHAIbHOTO CHHAPOMY; TIOTEHIIII0€ 3HMKEHHS PiBHIB Y KpoBi XC
JITHILL; 3mMeHIIye MposiBU CUCTEMHOTO HM3bKOIHTECHBHOT'O 3alaJICHHs 32 PaXyHOK
KJIIITUHHOTO IMYHITETY, 3HWKEHHS OKPEMHUX IHTETpaJbHUX 3allalibHUX 1HJEKCIB Ta
sumxkenHs piBHiB hs-CPIT, sST2, TMAO.

JloBeneHo, 10 JOAATKOBE NpU3HAYECHHS eMnariiio3uny 10 (papMakoJoriyHo1
Teparii, BiamoBigHOI HacTtaHoBaM, xBopux Ha CIXC na Tmi IJI2 mpuzBoauTh 10
MIBUIIIOT PEIYKIIIT MPOSBIB 3araJIbHOI CJ1A0KOCT1; YHOPMYBAaHHS Xap4yOBOi MOBEIIHKH,
1H/IEKCY Macu Tiia, 3HWKEHHs piBHIB y KpoBi HbAlc, hs-CPII, TLR2 i TLR4 Ta
ciiBBigHomenHs TLR2/TLR4.

[lokazano, mo moeaHaHa ¢apMakoJIoTidyHa Tepamis 3 BUKOPUCTAHHSIM
emmnarmiidio3uny Ta kBepuetTuny B xBopux Ha CIXC ta I1/]2 oGymoBiIt0o€ BupasHilie
3MEHIIICHHs] MOPYIIEHHS MpPOIIECiB peakcaiii Miokapja 3a JaHUMH 3POCTaHHSA
BiHOIIEHHsT E/A Ta 3MEHIIEeHHS CepelHIX 3HaueHb IMOKa3HMKa KIHIIEBOTO
J1ACTOJIIYHOTO PO3MIPY JIIBOTO IITYHOUYKA Ta MA€ OUIBIN BUPA3HUH BIUIMB HA 3HI>KCHHS
IHTEHCUBHOCTI 3aIlajbHOr0 CUHAPOMY HU3bKOI IHTEHCUBHOCTI.

KurouoBi ciioBa: ctabinbHa imeMiyHa XBopoOa ceplist, Iykpouii aiadert I tur,
pEMOJICIIOBAaHHS MIOKapay, (akTopu pHU3UKY CEpLEBO-CYIUHHHX 3aXBOPIOBAHb,
CHUCTEMHE 3alaJICHHs, MapKepy 3amajieHHs, JIMiIHUM OOMIH, OKCHUJATUBHUN CTpec,
eHjloTeNanbHa UCHYHKITISI, BACOKOUYTINBUN C-peakTUBHUN MPOTETH, TPUMETHIIAMIH
Nn-okcuj, ctumydtorounii paktop pocrty, Tomn-moaioumii perentop 2, 4, KBEpUETHH,

eMIaraidao3uH.
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Cardiovascular disease (CVD) is the leading cause of death worldwide.
According to the Global Burden of Disease study, up to 17.9 million people die
annually due to cardiovascular disease, mainly due to coronary heart disease (CHD) -
50% and stroke - 35%, with one third of these deaths occurring prematurely in people
under the age of 70. Around 422 million people worldwide are living with diabetes
mellitus (DM), the majority of whom live in low- and middle-income countries, and
1.5 million deaths are directly attributed to DM each year. The number of cases and
prevalence of DM has been steadily increasing over the past few decades, with a further
trend towards a higher proportion of patients with type 2 diabetes (T2DM), with 537
million adults worldwide now living with the disease. According to the national
database of the Centre for Disease Control and Prevention Diabetes Surveillance
System, in 2022, the prevalence of type 2 diabetes among US residents was 11.3%,
which amounted to 37.3 million patients. T2DM is associated with a twofold increase
in the risk of adverse vascular events, regardless of other risk factors. People with type
2 diabetes have a 2-4 times higher lifetime risk of developing CVD, along with
manifestations of coronary heart disease, stroke, heart failure and atrial fibrillation, as
well as peripheral arterial disease. There is no doubt about the role of diabetes as an
independent predictor of CVD and its complications, and the pathogenetic components
of the disease - hyperglycaemia, hyperinsulinaemia and insulin resistance - are
independent risk factors for stable coronary heart disease (CHD). The results of the
Framingham Study proved that the risk of death from CHD in diabetes is twice as high

in men and 4.7 times higher in women.



The aim of the study is to improve the treatment of patients with stable coronary
heart disease and concomitant type 2 diabetes mellitus by including the sodium-
dependent glucose co-transporter type 2 inhibitor empagliflozin and quercetin based
on the study of myocardial remodelling and low-intensity inflammation.

To achieve the goal, the following research methods were used: general clinical
examination (complaints, anamnesis, physical examination), laboratory, instrumental
and statistical analysis methods. The work was carried out in accordance with the
provisions of the Helsinki Declaration for Ethical Principles for Research Involving
Human Subjects. The research work was conducted as an open, controlled,
comparative study in parallel groups. Informed consent was signed by all study
participants. The study design was approved by the Ethics Committee of Ivano-
Frankivsk National Medical University. 129 patients with CAD were examined.

It was found that comorbid patients with CAD in combination with type 2
diabetes were 2.04 times more likely to be of working age, which is a significant social
problem. The combined course is characterised by an asymptomatic course, painless
ischaemia and a combination of complaints that may outline the symptoms of
hyperglycaemia.

It was noted that the course of CAD in the setting of type 2 diabetes mellitus is
more often characterised by obesity (1.93 times); disorders of external (1.22 times) and
restrictive (1.29 times) eating behaviour; painless ischaemia (2.57 times); distinct
disorders of carbohydrate and lipid metabolism; and lower quality of life (1.78 times).

It was noted that concomitant type 2 diabetes mellitus in patients with CAD
causes structural and functional myocardial remodelling, which are manifested by
higher values of end-diastolic size (1.23 times), end-systolic dimension (1.09 times),
relative wall thickness of the left ventricle (1.37 times), slower myocardial relaxation
in terms of E/A (1.39 times), increased DT by 20.47 % and IVRT by 32.09%; more
frequent formation of pathological concentric hypertrophy of the left ventricle (by 1.79
times).

It has been established that CAD with concomitant type 2 diabetes mellitus is
characterised by activation of elements of systemic low-intensity inflammation, which

Is manifested, compared to patients without diabetes mellitus, by a higher number of



white blood cells in the blood, an increase in the number of leukocytes (1.24 times)
due to neutrophils (1.32 times) and lymphocytes (1.14 times); an increase in integral
inflammatory indices: (1.23 times) and (1.38 times); increased level of endogenous
intoxication according to the neutrophil reactive response index (1.39 times). For the
first time, the leading role of the platelet system in the development of low-intensity
inflammation in atherogenesis was proved; it was shown that an increase in platelet
count (1.35 times) is accompanied by an increase in the index of systemic immune
inflammation (1.49 times) and is prognostically significant in assessing the
development and severity of CAD in combination with type 2 diabetes. Neutrophils
and platelets/lymphocytes in patients with CAD with concomitant type 2 diabetes
mellitus are in a state of chronic activation against the background of more frequently
detected chronic Chlamydophila pneumoniae infection (1.64 times), manifested by an
imbalance in the production of proinflammatory biological markers towards an
increase in the secretion of proinflammatory molecules - high sensitive C-reactive
protein (by 38.96%), sST2 (by 53.85%), trimethylamine n-oxide (by 33.87%), Toll-
like receptor 2 (by 53.84%) and Toll-like receptor 4 (by 43.75%) levels and
TLR2/TLRA4 ratio (by 1.35 times).

For the first time, it was shown that pathological remodelling of the left ventricle
in this combined pathology is influenced by markers of atherosclerotic progression and
hyperglycaemia:  low-density lipoprotein  cholesterol (LDL-C) (r=+0.49),
triacylglycerols (TG) (r=+0.56), HbAlc (r=-0.41). For the first time, the dependence
of the formation of LV diastolic dysfunction and prognostically unfavourable type of
remodelling on the background of inflammation activity was traced by the level of
high-sensitivity C-reactive protein (r=-0.52); indicators of growth factor-E/A (r=-0.58)
and stimulating factor-relative left ventricular wall thickness (r=+0.39).

For the first time, the dependence of chronic low-intensity inflammation activity
as measured by the index of systemic immune inflammation on the level of glycaemia
(r=+0.44), TG (r=+0.54), LDL-C (r=+0.37), high-sensitivity C-reactive protein
(r=+0.79), trimethylamine n-oxide (r=+0.64) was shown.

Priority is given to the data on the relationship between the level of

trimethylamine n-oxide in the blood of patients with CVD in combination with type 2



diabetes mellitus with obesity (r=+0.59), glycated haemoglobin (r=+0.42), TG
(r=+0.52), LDL-C (r=+0.44) and leukocyte count, hs-CRP (r=+0.50, p<0.01) and sST2
(r=+0.47) levels.

For the first time, the dependence between the levels of Toll-like receptor 2 and
Toll-like receptor 4 and the concentrations of highly sensitive C-reactive protein, sST2,
trimethylamine n-oxide was established, and it was proved that the circulation of high
concentrations of TLR2 and TLR4 is of undeniable importance in maintaining low-
intensity inflammatory syndrome.

It was noted that the additional administration of quercetin to the
pharmacological therapy in accordance with the guidelines for patients with CVD in
the setting of type 2 diabetes mellitus leads to a faster reduction of the anginal
syndrome; potentiates the reduction of LDL cholesterol levels in the blood; reduces the
manifestations of systemic low-intensity inflammation due to cellular immunity, a
decrease in certain integral inflammatory indices and a decrease in the levels of hs-
CRP, sST2, TMAO.

It was proved that the additional administration of empagliflozin to the
pharmacological therapy in accordance with the guidelines for patients with CAD with
type 2 diabetes mellitus leads to a faster reduction in the manifestations of general
weakness; normalisation of eating behaviour, body mass index, reduction in blood
levels of HbAlc, hs-CRP, TLR2 and TLR4 and the TLR2/TLRA4 ratio.

It has been shown that combined pharmacological therapy with empagliflozin
and quercetin in patients with CAD and type 2 diabetes mellitus causes a more
pronounced reduction in myocardial relaxation disorders as measured by an increase
in the E/A ratio and a decrease in the mean values of the left ventricular end-diastolic
dimension and has a more pronounced effect on reducing the intensity of low-grade
inflammatory syndrome.

Key words: stable coronary artery disease, type Il diabetes mellitus, myocardial
remodelling, cardiovascular disease risk factors, systemic inflammation, inflammatory
markers, lipid metabolism, oxidative stress, endothelial dysfunction, high-sensitivity
C-reactive protein, trimethylamine n-oxide, growth factor, Toll-like receptor 2, Toll-

like receptor 4, quercetin, empagliflozin.



