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The role of markers of endothelial dysfunction in the pathogenesis
of coronary microvascular dysfunction in patients with non-obstructive
coronary artery disease

Kopeva K.V.', Maltseva A.N.", Mochula A.V.’, Smorgon A.V.', Grakova E.V.},
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ABSTRACT

Aim. To study the potential of non-invasive biomarkers in the diagnosis of coronary microvascular dysfunction
(CMD) and prediction of the course of heart failure with preserved ejection fraction (HFpEF) in non-obstructive
coronary artery disease.

Materials and methods. The 12-month observational study included 118 consecutive patients (6 patients dropped
out of the study due to contact loss) with non-obstructive coronary artery disease (CAD) and HFpEF (62 [59;
641%). At the beginning of the study, serum levels of several biomarkers were assessed using the enzyme immu-
noassay: N-terminal pro-B-type natriuretic peptide (NT-proBNP), vascular endothelial growth factor (VEGF), and
endothelin-1. Coronary flow reserve (CFR) was examined using dynamic single photon emission computed tomog-
raphy. In the absence of obstructive CAD, CMD was defined as a global decrease in CFR < 2. Echocardiography
was used to determine parameters of hemodynamics, LV diastolic dysfunction, and myocardial stress. LV global
longitudinal strain (GLS) was assessed using 2D speckle tracking.

Results. The patients were divided into groups depending on the presence of CMD: group 1 included patients with
CMD (n = 43), group 2 included those without it (n = 75). In patients in group 1, serum levels of endothelin-1
were 1.9 times higher (p = 0.012), levels of VEGF were 2.16 times higher (» = 0.008), and the concentration of
NT-proBNP was 2.6 times higher (p = 0.004) than in patients in group 2. According to the ROC analysis, the
concentrations of endothelin-1 > 6.9 pg / ml (AUC = 0.711; p = 0.040) and VEGF > 346.7 pg / ml (AUC = 0.756;
p = 0.002) were considered as markers associated with the presence of CMD in patients with non-obstructive
CAD. The multivariate regression analysis showed that only the presence of CMD (odds ratio (OR) 2.42; 95%
confidence interval (95% CI) 1.26-5.85; p < 0.001) and an increase in NT-proBNP > 760.5 pg / ml (OR 1.33; 95%
CI 1.08-3.19; p = 0.023) were factors associated with adverse events, and their combination increased the risk of
HFpEF progression by more than 3 times (OR 3.18; 95% CI 2.76-7.98; p < 0.001), whereas markers of endothelial
dysfunction were not independent predictors.

Conclusion. Endothelin-1 > 6.9 pg / ml and VEGF > 346.7 pg / ml can be used as non-invasive markers for
the diagnosis of CMD. However, markers of endothelial dysfunction were not independent predictors of HFpEF
progression in patients with non-obstructive CAD during 12-month follow-up.

Keywords: coronary microvascular dysfunction, endothelial dysfunction, heart failure, preserved ejection fraction,
non-obstructive coronary artery disease
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Ponb MapKepoB sHAOTennanbHol ANcyHKLUN B NaToreHese
KOPOHAPHON MUKPOBaCKyNApHo anchyHKLNN Y NaLNEeHTOB
C HEOGCTPYKTUBHDBIM NMOPaXKeHeM KOPOHapPHbIX apTepuin

KonbeBa K.B.!, ManbueBa A.H.!, Mouyna A.B.!, CmoproH A.B.!, l'pakoBa E.B.!,
lN'ycakoBa A.M.!, KanioxuH B.B.2, 3aBagoBckunn K.B.!

! Hayuno-uccredosamenvcxkutl uncmumym (HUH) kapouonoeuu, TomcKkuil HAYUOHATLHBLI UCCICO08AMENbCKULL
meouyunckuil yenmp (THUML]) Poccutickou axademuu HayK
Poccus, 634012, Tomck, yn. Kuesckas, 111a

2 Cubupcruil 2ocyoapemeennwlit meouyunckuil ynusepcumem (Cubl MY)
Poccus, 634050, Tomck, Mockosckuti mpakm, 2

PE3IOME

Heunb. V3yueHne noreHunyana HEMHBa3UBHON OMOMapKepHON TUarHOCTUKU KOPOHAPHOM MUKPOBACKYJISIPHOM JHC-
¢yuxunu (KM/I) 1 mporHo3upoBaHust TEUSHHs CepeYHON HETO0CTATOYHOCTH C COXpaHEHHOM (pakuueii BpIOpoca
(CHc®B) mpu HeOOCTPYKTUBHOM aTEPOCKICPOTHUECKOM ITOPAKEHUN KOPOHAPHOT'O pycCIa.

Marepuajbl 1 MeToAbl. B 12-Mecsunoe oGcepBallMOHHOE HCCIIEIOBAaHNE MOCIEOBATEIFHO OBIIO BKIIOYEHO
118 manuenToB (IIeCTh MAUEHTOB BHIOBIIO U3 MCCIISOBAHMUS 110 IPHYUHE YTePH KOHTAKTa) C HEOOCTPYKTHBHBIM
nopakeHneM KopoHapHbIX aprepuii (KA) u coxpaneHHo# Qpakiueii BEIOpoca jeBoro xerynouka (JIXK) (62 [59;
64]%). B Hagane ucciueoBaHUS C TOMOIIBI0 HMMYHO()EPMEHTHOTO aHAIN3a B CHIBOPOTKE KPOBH OI[EHUBAIN YPO-
BEHb HEKOTOPBIX OMOMapKepoB: N-KOHIIEBOTO MPOMENTH/IA HaTpuitypeTinaeckoro ropMona B-tumna (NT-proBNP),
VEGF- Backynosunoremuansaoro dakropa pocra (VEGF) n snporenmna-1. PesepB KOpoHapHOTO KpPOBOTOKA
(CFR) mccnenoBany B X0€ ANHAMHIECKOH OJXHOGOTOHHON 3MHCCHOHHOH KOMITBIOTEpHOI ToMorpadun. B oT-
cyTcTBHH 00cTpyKTHBHOTO nopakernst KA, KM/ onpexernsim kak rinobansaoe cHikenne CFR < 2. C momonisio
sXoKaparorpaduy onpeneNsy napamMeTps rTeMOJHHAMUKY, Auactonndeckoi aucdynkmnnn JOK n Muokapanams-
Horo ctpecca. ['mobansHas npononsnas gedopmanust JOK (GLS) onenuBanacs ¢ momomnisio 2D-speckle tracking.

Pe3yabrartsl. [launenTs! ObuIM pa3aeneHbl HA TNl B 3aBucuMocT oT Hammyusi KM/I: B rpynmy 1 Bommm
nauuenTsl ¢ KM/JI (n = 43), B rpymniy 2 — 6osbHble 6e3 Hee (7 = 75). Y GOJIBHBIX B TpyMIie | CBIBOPOTOYHBIE KOH-
LIEHTpaluy SHA0TeNnnHa- 1 6bputH Beime B 1,9 pasza (p = 0,012), VEGF — B 2,16 (p = 0,008), a NT-proBNP — Brimre
B 2,6 pasa (p = 0,004) no cpaBHeHuto ¢ 6oxpHbIMH B Tpymme 2. [To nanueiM ROC-aHanu3a, KOHIEHTPALMK JH-
norenuHa-1 > 6,9 nr/man (AUC = 0,711; p = 0,040) u VEGF > 346,7 nr/mn (AUC = 0,756; p = 0,002) 6butu
UICHTUUIMPOBAHBI KaK MapKepsl, cBsi3aHHbIe ¢ HannuneM KM/l y O0JbHBIX ¢ HEOOCTPYKTUBHBIM HOPAKEHUEM
KA. MHOrogakTopHBbIil perpecCHOHHBIH aHaNn3 1Mokasai, 4yTo Tojibko Hammane KMJ] (otHomenue mauncos (OLLI)
2,42; 95%-i1 noBepurenbHblit uHTEpBaN (95% 1) 1,26-5,85; p < 0,001) 1 nossienue yposs NT-proBNP >
760,5 mr/ma (OLI 1,33; 95% JU 1,08-3,19; p = 0,023) sBastiick GakTopaMu, CBSI3aHHBIMH C HEOJIArONMpHsT-
HBIMHU COOBITUSIMH, & UX COUYCTAHHE YBEIHUHBAIO pHCK mporpeccuposanusi CHcdB Gonee vyem B 3 pasza (OLI
3,18; 95% N 2,76-7,98; p < 0,001), Torna kak MapKepbl SHIOTSIHATBHON TUCHYHKIIMN HE SBISUTHCH HE3aBHUCH-
MBIMH TIPEMKTOPAMH.
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3akiouenne. YpoBHu 3H10TenuHa-1 > 6,9 nir/mi) u VEGF > 346,7 nir/mit MOTYT OBITh HCTIONIB30BAHbI KaK He-
MHBa3WBHBIC Mapkepbl ast nuarHocTukun KMJI. OmHako Mapkepbl SHIOTETHATBHON TUCOYHKIMU HE SIBIISUIUCH
HE3aBHCUMBIMHE MpeauKkTopamu nporpeccupoannr CHc®B y nmanueHToB ¢ HeOOCTPYKTHBHBIM mopaskeHneM KA
B TeueHue 12 Mec HaOIIOIEHUS.

KnrodeBble c10Ba: KopoHapHast MUKPOBACKYIIIPHAS AUCQYHKIHS, SHIOTEIHAIbHAS TUCHYHKINS, CepIeTHast He-
JIOCTaTOYHOCTH, COXpaHeHHas! ppakIus BIOpoca, HEOOCTPYKTUBHOE TIOpaskeHNEe KOPOHAPHBIX apTepHil

KOHq).]'Il/lKT HUHTEPECOB. ABTOpLI JACKIAPUPYIOT OTCYTCTBUE SIBHBIX U INOTCHUUAJIBHBIX KOH(I)J'II/IKTOB HUHTEPECOB,
CBA3aHHBIX C Hy6J’[PIKaIlPICI>i HaCTOSIU.[efI CTaTbu.

Hcrounnk ¢punancupoanus. Padora BhIOIHEHA B paMKax (yHJaMEHTAIBHOTO HAy9HOTo nccienoBanus «V3y-
YEeHHE MEXAaHH3MOB CTPYKTYPHOTO M ()YHKIMOHAIBHOTO PEMOJICITHPOBAHUS MHOKap/a IPH Pa3HBIX (hECHOTHUIIAX
XPOHUYECKOH CepeYHON HEJOCTATOYHOCTU UIIEMUYECKON U HenleMudeckoi atuonorum» Ne 122020300045-5.

CooTBeTcTBHE NPUHIMIIAM ITUKHU. VccrienoBanne 0100peHO KOMUTETOM 1Mo OnoMeanHcKkoit atuke HUU kap-
nuonoruu Tomckoro HUMI (mpotokon Ne 204 ot 18.11.2020).

Jns uutupoanus: Komsea K.B., Mansnesa A.H., Mouyna A.B., Cmopron A.B., I'pakosa E.B., I'ycaxo-
Ba A.M., Kamoxun B.B., 3aBagosckuit K.B. Pons MapkepoB sHpoTeMHaNbHOM TUCHYHKINT B TTATOT€HE3e KOPO-
HapHOW MHUKPOBACKYISIPHON NUCOYHKINH y TTAI[HEHTOB C HEOOCTPYKTUBHBIM ITOPAXKEHIEM KOPOHAPHBIX apTepHi.

bronnemens cubupckoii meouyunst. 2024;23(3):49-58. https://doi.org/10.20538/1682-0363-2024-3-49-58.

INTRODUCTION

Coronary microvascular dysfunction (CMD) plays
an essential role in the mechanisms of obstructive
and non-obstructive coronary artery disease, as well
as their complications, including heart failure with
preserved ejection fraction (HFpEF) [1-8]. Studies
of the last few years have shown that the presence of
CMD is an early marker of cardiovascular diseases
and is closely associated with higher incidence of
adverse clinical outcomes compared to individuals
without such microcirculatory disorders [2, 3]. In
the meantime, the results of studies by a number
of authors indicate that the presence of CMD is
often underestimated in clinical practice. Despite
irrefutable evidence of the relationship between
endothelial dysfunction, impaired vasodilation of
the coronary and systemic microvasculature, and
HFpEF, the pathogenesis of CMD and its role in
the initiation and progression of HFpEF, especially
in the context of non-obstructive coronary artery
disease (CAD), are being actively discussed [4, 5].

Intact endothelium of the arteries produces a
large number of biologically active substances
that maintain normal vasomotor activity [6]. An
imbalance of vasodilation and vasoconstriction
factors leads to suboptimal control of vascular tone
and structure, characterized by disruption or loss of
homeostatic mechanisms, which leads to elevated
expression of adhesion molecules, increased
oxidative stress, overproduction of prothrombotic and

proinflammatory markers, increased proliferation of
vascular smooth muscle cells, and increased vascular
smooth muscle tone [6, 7]. Evidence accumulated
over the past several decades has demonstrated that
endothelial dysfunction and coronary vasomotor
dysfunction play a crucial role in the pathogenesis
of cardiovascular diseases [7]. However, the
role of markers of endothelial dysfunction in
the pathogenesis of CMD in patients with non-
obstructive CAD and their role in stratifying the
risk of HFpEF progression in this cohort of patients
remain poorly studied.

The aim of this research was to study the potential
of non-invasive biomarkers in the diagnosis of
CMD and prediction of the course HFpEF in non-
obstructive CAD.

MATERIALS AND METHODS

The study was approved by the Bioethics
Committee at the Cardiology Research Institute of
Tomsk NRMC (protocol No. 204 of 18.11.2020))
and was conducted in accordance with the principles
of the Declaration of Helsinki and the guidelines for
good clinical practice (GCP).

A 12-month observational study included 118
patients with HFpEF (62 [59; 64]%) without a
previous history of CAD, complaining of chest pain,
shortness of breath, or a combination of both. They
were examined at the Cardiology Research Institute
of Tomsk NRMC from 2019 to 2022. A detailed
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description of the inclusion and exclusion criteria is
presented in one of our previous works [8].

The presence and severity of coronary lesions were
assessed by multislice spiral computed tomography
(MSCT). The resulting scintigraphy images were
processed on the specialized Xeleris 2 workstation
(GEHealthcare, Israel), and the myocardial blood
flow was assessed at rest (rest-MBF, ml / min / g)
and during exercise during the administration of the
stress agent ATP (stress-MBF, ml/min/g). Coronary
flow reserve (CFR) was calculated according to the
formula: MFR = stress-MBF / rest-MBF [9], and
CMD was diagnosed at CFR <2 [10, 11].

Real-time 2D transthoracic echocardiography
(2D speckle tracking) was performed on the
Philips Affiniti 70 ultrasound system. LV diastolic

dysfunction (peak E-wave velocity, the E/A ratio,
lateral e’, average E/e’ ratio, left atrial volume index
(LAVI), and peak tricuspid regurgitation velocity)
and LV global longitudinal strain (GLS) were
assessed [12].

Myocardial wall stress parameters, such as LV
end-systolic elasticity (Es), arterial elastance (Ea),
and LV myocardial wall stress in systole (MWSs)
and diastole (MWSd), were calculated by formulas
characterizing LV remodeling and presented in the
work by T.A. Nechesova et al. [13].

The content of serum biomarkers (NT-proBNP;
VEGF, and endothelin-1) was determined by the
enzyme-linked immunosorbent assay (ELISA) using
the Biomedica (Austria), Vector-best (Russia), and
RayBio (USA) reagent kits, respectively (Fig. 1).

Patients, n = 118 — data analysis (n = 112, 6 patients dropped out of the study due to loss of contact)

Non-obstructive coronary
artery disease

Preserved parameters of LV
function and dimensions

NT-proBNP, VEGF,
endothelin-1

MSCT-CAG

Echocardiography

Biochemical analysis data

Dynamic SPECT with the assessment of myocardial blood flow and coronary flow reserve (CFR) + MPS

CFR>2.0

.-

Patients with coronary microvascular
dysfunction (n = 42)

-

CFR<2.0

Patients without coronary microvascular
dysfunction (n = 70)

12-month follow-up
Data analysis (n = 112, 6 patients dropped out due to loss of contact)

Fig. 1. Study design. NT-proBNP — NT-terminal pro-B-type natriuretic peptide, VEGF — vascular endothelial growth factor,
MSCT — CAG — multislice spiral computed tomography — coronary angiography, MPS — myocardial perfusion scintigraphy

The results obtained were processed using the
STATISTICA 10.0 and MedCalc 11.5.0.0 software
packages. Quantitative variables were presented
as the median and the interquartile range Me (Q,.;
0.,), qualitative variables were presented as absolute
values (abs.) and percentage (%). When comparing
quantitative variables in two independent groups,
the Mann — Whitney test was used. When analyzing
qualitative variables, contingency tables were
analyzed using the Pearson’s y2 test. The univariate

regression analysis with the calculation of odds ratio
(OR) and 95% confidence interval (CI) was used
to assess the influence of factors on the course of
pathology. The multivariate regression analysis was
used to identify independent predictors of adverse
outcomes. To identify cut-off levels of biomarkers,
the ROC analysis was used with the construction of
ROC curves and calculation of area under the curve
(AUCQC). The differences were considered statistically
significant at p < 0.05.
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RESULTS

Depending on the presence or absence of CMD,
the patients were divided into 2 groups: group 1
included patients with CFR < 2 (CMD+, n = 42),
group 2 encompassed patients with CFR > 2 (CMD-,
n = 70). Myocardial blood flow parameters differed
significantly between the groups (Fig.2).

3.5
2.69
3 (2.15;3.78)
*
25
) * 1.63 1.39
(1.19; 1.83) (1.11; 1.96)
1.14
(0.67; 1.49) 075
1 (0.54099% o
(0.40; 0.69)
05

stress-MBF

rest-MBF CFR
*p<0.05; m CMD+, m CMD-

Fig. 2. Parameters of myocardial blood flow and coronary flow
reserve depending on the presence of CMD. CFR — coronary
flow reserve, stress-MBF — myocardial blood flow during
exercise, rest-MBF — myocardial blood flow at rest.
Here and in Fig. 3, 4, p — level of statistical significance of the
differences.

A history of type 2 diabetes mellitus (p = 0.003)
and smoking status (p = 0.012) were significantly
more often registered among patients with CMD. In
this group of patients, 80.9% of those examined were
diagnosed with HFpEF, while in group 2, there were
significantly (p < 0.001) fewer patients with this
phenotype of heart failure (34.3%). Other clinical
and demographic parameters were comparable
between the groups (Table 1).

The group of CMD+ patients was characterized
by structural and functional changes corresponding
to diastolic dysfunction in the context of non-
obstructive CAD: a decrease in lateral e’ values
(by 35%; p = 0.009), a decrease in GLS (by 25.1%j;
p < 0.001) and an increase in the peak tricuspid
regurgitation velocity (by 12%; p = 0.011), the E/e’
ratio (by 21.4%; p = 0.041), and LAVI (by 51.2%;
p=0.038), respectively, compared to CMD- patients.
Similar changes were noted in the parameters of
systolic and diastolic myocardial wall stress, which
were higher by 6.3 (»p =0.032) and 6.8% (p = 0.021),
respectively, in the CMD+ group compared to the
CMD- group. In patients of group 1, an increase in
ventricular — arterial coupling (Ea/Es) by 25.9% (p =
0.032) was significantly more frequent compared to
group 2, which characterizes decreased mechanical
efficiency of the cardiovascular system in patients
with CMD and non-obstructive CAD (Table 1).

Table 1
Characteristics of the patients at the time of inclusion in the study
Parameter Group 1 (CMD +; n=42) Group 2 (CMD—; n =70) P
Age, years, Me (Q,5; O,5) 61.5 (55.0; 66.0) 62.0 (60.0; 67.0) 0.124
Men, n (%) 26 (61.9) 44 (62.8) 0.919
BMI, kg / m?, Me (O,; O..) 29.7 (27.6; 32.0) 30.1 (27.7; 34.1) 0.254
Type 2 diabetes mellitus, 7 (%) 11 (26.2) 5(7.1) 0.003
COPD, n (%) 6(14.3) 13 (18.6) 0.718
HFpEF, n (%) 34 (80.9) 24 (34.3) <0.001
Smoking, n (%) 11 (26.2) 4(5.7) 0.012
GFR (ml / min/ 1.73 m*), Me (Q,; O..) 76.8 (63.0; 81.0) 78.0 (64.0; 87.0) 0.476
Total cholesterol, mmol / 1, Me (Q,; O..) 4.65 (3.67;5.25) 4.34(3.54; 4.98) 0.932
LVEF, %, Me (O,; O..) 62 (58.5; 65.0) 63 (61; 66) 0.183
ESD, mm, Me (Q,; O,,) 40 (38; 43) 38.5(36.5; 41.5) 0.524
EDD, mm, Me (Q,; O..) 51.0 (48.7; 53.0) 50.5 (47.5; 52.5) 0.307
Lateral ¢’, cm / sec, Me (Q,; O.) 5.56 (4.78; 6.45) 8.56 (8.01;9.14) 0.008
PTRV, m / sec, Me (Q,; Q,) 2.98(2.95;3.01) 2.61(2.3;2.76) 0.009
Ele’, Me (Q,:; O..) 14 (13.5; 15.0) 11 (10; 12) 0.041
LAVI, ml/ m?, Me (Q,; O, 38.3(35.7;51.1) 29.7 (27.5; 47.9) 0.038
GLS, %, Me (Q,; O, —14.9 (-13.1; -21.9) —21.3 (-16.3; —22.8) 0.004
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Table 1 (continued)

Parameter Group 1 (CMD +; n=42) Group 2 (CMD—; n =70) P
MWSd, dyn / cm?, Me (Q,.; Q,,) 154.23 (140.11; 159.65) 140.13 (129.23; 151.54) 0.027
MWSs, dyn / cm?, Me (Q,5; Q) 172.18 (149.23; 192.34) 156.14 (134.23; 176.4) 0.022
Ea, mmHg./ ml, Me (O,; O..) 0.61 (0.54; 0.89) 0.55(0.52; 0.64) 0.028
Es, mmHg./ ml, Me (Q,.; O,.) 2.29(1.67; 3.16) 2.78 (2.48; 3.09) 0.019
Ea/Es, Me (Q,; O,5) 0.27 (0.23; 0.56) 0.20 (0.18; 0.45) 0.032

Note. BMI — body mass index, COPD — chronic obstructive pulmonary disease, HFpEF — heart failure with preserved ejection fraction,
GFR - glomerular filtration rate, LVEF — left ventricular ejection fraction, ESD — left ventricular end-systolic dimension, EDD — left ventricular
end-diastolic dimension, lateral e’ — lateral mitral annulus velocity in early diastole, PTRV — peak tricuspid regurgitation velocity, E/e’ — the ratio
of transmitral E velocity to early diastolic mitral annular velocity, LAVI — left atrial volume index, GLS — global longitudinal strain, MWSd —
myocardial wall stress in diastole, MWSs — myocardial wall stress in systole, Ea — arterial elastance, Es — end-systolic elastance, p — statistical

significance of differences.

In patients in group 1, endothelin-1 levels were
1.9 times higher (p = 0.012), VEGF levels were 2.16
times higher (p = 0.008), and NT-proBNP levels
were 2.6 times higher (p = 0.004) than in patients in
group 2 (Fig. 3).

The ROC analysis revealed that VEGF
10 - 8.98 600
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overexpression > 346.7 pg / ml (sensitivity 89.8%,
specificity 72.4%; AUC = 0.756; p = 0.002) and
endothelin-1 > 6.9 pg / ml (sensitivity 84.6%,
specificity 65.6%; AUC = 0.711; p = 0.040) had
diagnostic value for identifying CMD in patients
with non-obstructive CAD (Fig. 4).
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During 12-month follow-up, 25 (22.3%) patients
experienced adverse events (Fig. 5). The profile
of adverse cardiovascular events was dominated

Sudden cardiac death

. 3 0.9%
Hospitalization s
for decompensated heart
failure / intensification 5.4%

of diuretictherapy

11.6%

Progression of HFpEF/

transition to a more severe
stage

The results of the univariate and multivariate
regression models are presented in Table 2. Such
factors as type 2 diabetes mellitus, CMD, smoking,
overexpression of NT-proBNP > 760.5 pg / ml,
and endothelin-1 > 4.9 pg / ml increased the risk of
adverse cardiovascular events in patients with non-
obstructive CAD by 1.9, 2.7, 2.3, 2, and 1.9 times,
respectively. Assessing simultaneous influence of the

4.5%

by a complex parameter “HFpEF progression or
intensification of diuretic therapy”. In one case,
sudden cardiac death was registered

Newly diagnosed HFpEF

Fig. 5. Profile of adverse events registered during
the 12-month follow-up. HFpEF — heart failure
with preserved ejection fraction

predictors included in the analysis revealed that the
factors associated with the development of adverse
cardiovascular events were CMD and overexpression
of NT-proBNP >760.5 pg/ml), and their combination
increased the risk of HFpEF progression by more
than 3 times (OR 3.18; 95% CI 2.76-7.98; p < 0.001).
In the meantime, markers of endothelial dysfunction
were not independent predictors.

Table 2

Analysis of the influence of risk factors for adverse cardiovascular events on outcomes in patients
with non-obstructive coronary artery disease

Univariate regression analysis

Factor Odds ratio 95% CI )4

Type 2 diabetes mellitus 1.87 1.12-3.95 0.018
NT-proBNP (< 760.5 / > 760.5 pg / ml) 1.98 1.09-3.98 0.028
GLS (>18</-18%) 1.98 0.99-5.98 0.002
Smoking 2.13 1.23-2.97 0.039
Coronary microvascular dysfunction 2.72 1.65-6.03 <0.001
Endothelin-1 (< 4.9 />4.9 pg/ ml) 1.95 0.98-5.87 0.002
VEGF (<464.7/>464.7 pg / ml) 2.65 1.76-9.12 0.001

Multivariate regression analysis

Coronary microvascular dysfunction 2.42 1.26-5.85 <0.001
NT-proBNP (< 760.5 /> 760.5 pg / ml) 1.33 1.08-3.19 0.025
CMD + NT-proBNP 3.18 2.76-7.98 <0.001

Note. NT-proBNP — N-terminal pro-B-type natriuretic peptide, GLS — global longitudinal strain, VEGF — vascular
endothelial growth factor, CMD — coronary microvascular dysfunction, p — statistical significance of differences.

BlonneTeHb cMbNpPCKO MeguuuHbl. 2024; 23 (3): 49-58 55



Kopeva K.V., Maltseva A.N., Mochula A.V. et al.

The role of markers of endothelial dysfunction in the pathogenesis of coronary

DISCUSSION

The present study found that CMD is closely
associated with increased serum levels of a number
of molecular biomarkers of endothelial activation
and damage [14, 15]: endothelin-1 levels > 6.9 pg
/ ml and VEGF > 346.7 pg / ml can be used as non-
invasive markers for diagnosing CMD. However,
markers of endothelial dysfunction, according to
our data, were not independent predictors of the
HFpEF progression in patients with non-obstructive
CAD within 12 months, which is likely associated
with a more significant influence of nonspecific
inflammatory factors, such as oxidative stress,
profibrotic cytokines, and LV extracellular matrix
remodeling, following specific changes in the
structure of the sarcomeric protein titin [16, 17].

According to previously obtained data, CMD
develops due to impaired endothelium-dependent
and endothelium-independent vasodilation, as well
as perivascular fibrosis. Moreover, CMD is one of
the leading mechanisms for the development of
HFpEF in patients with non-obstructive CAD in the
context of increased ventricular — arterial coupling
[16]. These processes lead to impaired myocardial
perfusion, directing maladaptive responses of the
body along the cardiovascular continuum [3-7].
Our data do not contradict the above concept. In
particular, we showed that patients with CMD are
diagnosed with more severe diastolic dysfunction
and depressed mechanical efficiency of the
cardiovascular system, manifested by an increase in
Ea / Es and myocardial wall stress, associated with
increased myocardial stiffness and increased LV
pre- and afterload.

A recent study by S. Ohura-Kajitani et al. (2020)
showed that both NO- and endothelium-dependent
vasodilation were markedly impaired in patients
with microvascular angina [14]. Another study
found that CMD may precede epicardial dysfunction
caused by oxidative stress and inflammation in early
CAD [18]. The study by V. Lavin Plaza et al. (2020)
showed that local inflammation in the vascular wall
leads to endothelial dysfunction and accelerates the
development and progression of atherosclerosis in
peripheral arteries [19]. Therefore, when systemic
endothelial dysfunction is detected, patients need
to initiate early aggressive drug treatment aimed at
restoring endothelial function and eliminating major
risk factors.

Our study also found that patients with CMD
had increased levels of serum biomarkers of
endothelial activation and damage, which is likely
associated with the influence of a number of risk
factors (arterial hypertension, diabetes mellitus,
hypercholesterolemia, etc.) on the development of
functional and structural changes in the endothelium
in the heart and the cardiovascular system as a
whole. In particular, we found that increased serum
levels of VEGF > 346.7 pg / ml and endothelin-1 >
6.9 pg/ ml in patients with non-obstructive CAD can
be considered as a marker of CMD presence.

Among the biomarkers of endothelial dysfunction,
only asymmetric dimethylarginine (ADMA) and
endothelin-1 have been studied the most in patients
with CMD [20, 21]. Several investigators reported
significantly higher plasma levels of ADMA and
endothelin-1 in patients with CMD compared to
controls and their association with adverse clinical
outcomes [20, 22]. Our study also established an
association of VEGF and endothelin-1 with adverse
outcomes related to HFpEF progression, but these
biomarkers were not independent predictors of risk
stratification in the multivariate regression analysis.
This is likely due to a relatively small patient sample
and a small number of hard endpoints, such as
readmissions and deaths.

LIMITATIONS OF THE STUDY

The main limitations of the study were a rather
small sample size, heterogeneity of the sample, and
short follow-up (12 months).

CONCLUSION

The results of this work, which stimulate further
research in this area, can form the background for
developing medical technologies forrisk stratification
in CMD and its early / preclinical diagnosis, which
will determine the choice of personalized treatment
strategy for this socially sensitive pathology and
reduce the economic burden associated with its
treatment costs.
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