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Analysis of the relationship between low-grade inflammation markers
and the severity of atherosclerotic coronary bed lesions
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ABSTRACT

Aim. To study serum concentrations of low-grade inflammation markers and the severity of atherosclerotic
processes in the coronary artery in patients with coronary heart disease (CHD) in the context of their clinical and
instrumental characteristics.

Materials and methods. The study included 264 participants (161 men and 103 women), with 220 of them
being diagnosed with CHD. Subgroups were identified among the participants, including those with a history of
myocardial infarction (110 patients) and angina pectoris (152 patients). A control group consisted of healthy volun-
teers (44 persons). The patients underwent coronary angiography, echocardiography, duplex ultrasound scanning
of the extracranial segments of the brachiocephalic arteries. The level of C-reactive protein (CRP (mg / 1)), tumor
necrosis factor alpha (TNFa (pg/ml)), growth differentiation factor 15 (GDF-15 (pg/ml)), and endothelial cell spe-
cific molecule-1 (ESM-1 (ng/ml)) in the blood serum were measured. Statistical significance was considered at p
<0.05.

Results. A significantly higher concentration of all laboratory markers of low-grade inflammation in the CHD
group of patients compared to the control group, as well as a significant increase in their values with enhanced
severity of coronary atherosclerosis (p < 0.0001) was found. Significant differences in marker levels were also
found between patients with angina pectoris and a history of myocardial infarction compared to those without
these conditions. A correlation was revealed between the value of markers and various clinical and instrumental
characteristics of the patients. Multivariate linear regression analysis revealed a statistically significant association
of SYNTAX score with the concentration of GDF-15 and ESM-1, but not with CRP and TNFao.

Conclusion. The simultaneous measurement of multiple laboratory parameters may be a more effective method
for assessing the risk of CHD progression. The study also showed that endocan and GDF-15 have high prognostic
significance in evaluating the severity of atherosclerotic processes in the coronary arteries.
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PE3IOME

Iesnb. M3yyeHue CHIBOPOTOUHBIX KOHLIEHTPALUI MapKepOB HU3KOMHTEHCUBHOIO BOCIAIEHUs Y AIIEHTOB C UIlIle-
Mmuyeckoit 6ose3nbto cepana (MBbC) B KOHTEKCTe UX KIMHUKO-MHCTPYMEHTAIBHBIX XapaKTEPUCTHUK, a TAKXKE OLICH-
Ka UX NPEeJUKTUBHON LIEGHHOCTH B BBIPAXKEHHOCTH aT€POCKIIEPOTHYECKUX IIPOLIECCOB KOPOHAPHOIO pyciIa.

MartepuaJjibl 4 MeTOABI. B nccienosanue BmoueHs! 264 genoseka (161 my>xunaa u 103 xeHIUHb), n3 HUX 220 —
nanueHTsl ¢ quarsozoM MBC. Cpenn nanueHToB OBUTH BBIAENICHBI MOATPYIIIEI ¢ HATMYHEM MH(apKTa MHOKapaa
B aHamHe3e (110 genoBex) u creHokapaueit (152 genoseka). ['pymma KOHTPOIIS IpeaCcTaBIeHA 3J0POBEIMH T0OPO-
BoJbIaMu (44 genoBeka). [lanuenTaM BEINOIHEHE! KOPOHAPOAHTHOTpadus; HXoKaparorpaduaeckoe ucciegoBa-
HHeE; TyIUIEKCHOE yIbTPa3ByKOBOE CKaHUPOBAHNE BHEUCPEITHBIX OTAENIOB OpaxuonedanbHbIx aprepuil. [Iposene-
HO HuccnenoBanue ypoBHsi C-peaxruBHoro 6enka (CPB, mr/m), dakropa Hexposa omyxonu ansgpa (PHO-a, r/mi),
(axropa nuddepennuposku pocrta 15 (GDF-15, nr/Min) u cienuduaeckoil MOIEKyIIbl SJHAOTEIHATBHBIX KIETOK-1
(ESM-1, ur/mi) B cIBOpOTKE KpoBU. CTaTHCTHIECKH 3HAYMMBIMH CUHTAIH pasnuaust npu p < 0,05.

Pe3yabTarhl. BersiBieHa 3Ha4nMo O0JIbIIIas KOHLEHTPALHKS BCeX JIaO0paTOPHBIX MApKEPOB CYOKIMHUYECKOTO BOC-
najeHus B rpymnie nanuenToB ¢ UBC B cpaBHEHHH ¢ KOHTPOJIEM, a TAKKe 3HAUMMOE MOBBILICHHE UX 3HAYCHUH 110
Mepe yBEIHUYCHHUS BRIPAXKEHHOCTH KOPOHApHOTO atepockieposa (p < 0,0001). [Toka3ana crarucTudeckas 3Ha4n-
MOCTb Pa3JIMuMil YPOBHS MapKEPOB MEXy rpyIIaMy MAMEeHTOB C HATMYUEM CTCHOKapIu 1 nH(}apKTa MUOKap/a
B aHAMHE3€ B CPAaBHEHHH C NAllEHTaMH 03 JaHHBIX IPU3HAKOB. BbIABICHA KOPPENALIMOHHAS CBA3b PA3HON CHJIbI
U 3HAYUMOCTH MEXy 3HAUCHHEM MapKepOB M PSJOM KIMHHKO-MHCTPYMEHTAIBHBIX XapaKTEPUCTHK IAllHEHTOB.
ITpu mpoBeCHUH JTMHEHHOTO MHOTO(AKTOPHOTO PErPECCHOHHOTO aHaIM3a BBISBICHA CTATHCTUYECKH 3HAYUMAs
cBs3b 6amutos 1o mkaine SYNTAX ¢ konuentpanueit GDF-15 u ESM-1 npu orcyrctBuu TakoBoii ¢ CPb u ®HO-o.

3akaouyenne. OTHOBpEMEHHOE KOJIMYESCTBEHHOE OIPE/ICIICHNE HECKOIBKUX J1a00paTOPHBIX MMOKa3aTeNneil MOXeT
ObITH OOJIee MOIIHBIM MHCTPYMEHTOM /Ul OLeHKH pucka mporpeccupoBanusi MBC. IToka3aHo, 4To SHOOKaH U
GDF-15 umeroT BbICOKYIO NPESIUKTUBHYIO 3HAUMMOCTb B OLIEHKE BBIPAKEHHOCTH aTEPOCKICPOTUYECKHUX MPOLEC-
COB B KOPOHAPHBIX apTepHsIX.

Kiouessble cioBa: Bocrianenue, C-peakTHBHBIN 0€JIOK, (hakTop HEKpo3a omyxonu anbha, Gpakrop auddepeHun-
poBkHM pocta 15, crerdudeckas MOJIEKyJIa SHIOTEIHAIBHBIX KICTOK-1, SHIOKaH, aTepoCKIepO3, HIIEMUYCCKast
0oIe3Hb cepaia

KOHq).]'Il/lKT HUHTEPECOB. ABTOpBI JACKIApUPYIOT OTCYTCTBUE SIBHBIX U IOTCHIUAJIbHBIX KOH(l)J'II/IKTOB HUHTEPECOB,
CBA3aHHBIX C l'[y6J'[PIKaIlPIeI>i HaCTOSIU.[efI CTaTbu.

HcTounuk ¢puHAHCHPOBAHHUA. ABTOPHI 3asBISIOT 00 OTCYTCTBHM ()HHAHCHUPOBAHUS IPH NPOBEICHHN HUCCIEN0-
BaHMSI.

CooTBeTCTBHE NPHHIMIIAM ITHKH. [JanmeHTs! 1aau 100poBoibHOE HHGOPMHUPOBAHHOE COIJIACHE HA y4acThe
B nccienoBanun. Mccnenosanue ogoopeno stuueckuM komuretoM ®I'AOY BO «K®Y um. B.1. Bepraackoro»
(nportokon Ne 5 ot 19.05.2022).
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INTRODUCTION

In recent years, inflammation has been recognized
as a critical component in the pathogenesis of
cardiovascular diseases. Numerous studies have
explained the complex relationship between
inflammation and coronary heart disease (CHD) [1].
Chronic low-grade inflammation, in particular, has
been recognized as a factor contributing to the onset
and progression of various cardiovascular diseases,
including atherosclerosis, acute coronary syndrome,
and heart failure [ 1]. Moreover, arterial hypertension,
dyslipidemia, diabetes, and obesity are associated
with low-grade inflammatory processes [2].

Numerous studies have demonstrated the role of
C-reactive protein (CRP) and tumor necrosis factor-
alpha (TNFa) as markers of low-grade inflammation
in diseases of the circulatory system [1-7]. There are
also isolated studies devoted to the study of a similar
role of such indicators as growth differentiation
factor 15 (GDF-15) and endothelial cell specific
molecule-1, or endocan (endothelial cell specific
molecule-1, ESM-1) [8-11].

GDF-15, a member of the transforming growth
factor beta superfamily, is a marker of inflammation
and apoptosis of cells, primarily atypical ones.
Its expression is induced in macrophages by
interleukin-1 and TNFa, leading to inhibition of both
their activation and the inflammatory reaction itself
[8]. In turn, a number of studies have shown that
ESM-1, being a surrogate marker of inflammation
and endothelial dysfunction, plays a crucial role in
the processes of angiogenesis, inflammation, and
vascular permeability [11].

As evidenced by the foregoing, it seems relevant to
study the relationship between serum concentrations
of the listed laboratory markers in patients with CHD
and to assess their predictive ability in the progression
of coronary atherosclerosis.

The aim of the study was to investigate the
relationship between serum concentrations of low-
grade inflammation markers and the severity of
atherosclerotic processes in the coronary bed in
patients with CHD in the context of their clinical and
instrumental characteristics.

MATERIALS AND METHODS

The inclusion criterion for the patients into the
study was the presence of clinically and instrumentally
verified CHD. The exclusion criteria were:
myocardial infarction (MI) or stroke occurred within
the past 6 weeks; any acute and chronic inflammatory
diseases that can affect serum concentrations of CRP,
TNFa, GDF-15 and ESM-1; chronic kidney disease
> stage III (glomerular filtration rate <60 ml/min/1.73
m?); primary and secondary cardiomyopathy,
inflammatory heart diseases; oncological diseases,
blood diseases and immune system diseases;
pregnancy or lactation; mental disorders that hinder
the contact with the patient during the cancer; and
violation of the protocol or patient’s refusal to
participate in the study.

A total of 264 people (161 men and 103 women)
were enrolled in this study, including 220 patients
with an established diagnosis of CHD and 44 healthy
volunteers (the control group).

All patients underwent coronary angiography
using the General Electric Optima IGS 330
angiographic system. The SYNTAX score, an online
calculator  (https://officialsyntaxscore.com), was
used for an objective quantitative assessment of the
severity of atherosclerotic lesions in coronary arteries
(CA). Considering that this score is a reliable tool
for determining the severity of CA atherosclerosis,
all patients were divided into the following groups:
Group 1 — with moderate atherosclerotic CA lesions,
having a SYNTAX score of 22 or less (124 patients);
Group 2 — with severe CA atherosclerosis, having
a score of 23-32 (53 patients); Group 3 — with
extremely severe CA lesions, having a score of 33
or more (43 patients). Among the participants with
CHD, several subgroups were identified: patients
who underwent percutaneous coronary intervention
(stenting) within the past 4 months to 6 years —
45 persons, patients with multifocal atherosclerosis
(MFA) — 46 persons, patients with a history
of MI —110 persons, and patients with angina
pectoris — 152 persons. The control group (Group
4) consisted of 44 healthy volunteers, in whom
cardiovascular pathology was excluded due

98 bionneteHb cMbUpcko meanumHbl. 2025; 24 (1): 96-104



Original articles

to the absence of any clinical, anamnestic, or
electrocardiographic signs of heart disease. All
groups were comparable in terms of sex and age.

Echocardiographic ~ examination  (EchoCG)
was performed using the Samsung Accuvix A30
ultrasound scanner (Samsung-Medison, South
Korea), using two-dimensional EchoCG, Doppler
EchoCG in pulsed and continuous wave modes,
and color Doppler scanning. Standard structural
parameters of the ventricles and atria, contractile
and diastolic function of the left ventricle (LV),
and valvular apparatus competency were evaluated.
The intima-media thickness (IMT) was measured
using duplex ultrasound scanning of the extracranial
sections of the brachiocephalic arteries with the
Samsung UGEO H60 ultrasound scanner (Samsung-
Medison, South Korea).

The study of the concentrations of CRP, TNFa,
GDF-15, and ESM-1 in the blood serum was also
performed. For this purpose, venous blood was
collected on an empty stomach before coronary
angiography. Commercial test systems manufactured
by Cloud Clone, USA (TNFa, pg/ml; GDF-15, pg/
ml), Biomerica, USA (CRP, mg/l), and Aviscera,
USA (ESM-1, ng/ml) were used.

The statistical processing of the study results
was carried out using the STATISTICA 12.0 and

MedStat programs. The data were presented as
a median (Me) and interquartile interval (Q -
25th and 75th percentiles). The Mann-Whitney
U-test was used to test statistical hypotheses when
comparing two independent groups. The Kruskal —
Wallis test was used for multiple comparisons in
independent samples for quantitative or ordinal
data. The Mann — Whitney test with the Bonferroni
correction was used as a posteriori criterion for
pairwise comparisons. The multiple comparisons of
the proportions of nominal features in independent
samples were performed using the Pearson’s chi-
square test. The Marascuilo procedure was used
as a posteriori criterion for pairwise comparisons.
The statistical relationship between two features
was measured using Spearman’s rank correlation.
The multivariate linear regression analysis
was performed to estimate the dependence of
atherosclerotic lesions in the CAs according to the
SYNTAX score on laboratory parameters of low-
grade inflammation. The critical significance level
p for all used analysis procedures was set at 0.05.

RESULTS

The clinical, anamnestic, and laboratory-
instrumental characteristics of the patients enrolled
in the study are presented in Table 1.

Table 1
Clinical, anamnestic, and laboratory-instrumental characteristics of the patients

Parameter (’}fiulpzi’ Grfo:u];zZ, Gnr(fz;, p P,y Py Py
Age (years), Me (Q,; O.,) 64.0 [58.0; 69.0] | 66.0[60.0; 70.0] | 66.0 [60.0; 70.0] | 0.882 0.961 0.778 1.000
SYNTAX, (score), Me (Q,; O,) 12.25[5.0; 17.0] | 27.5[24.0;29.5] | 36.25 [34.0; 40.5] | <0.001 | <0.001 | <0.001 | <0.001
LVEF, %, Me (Q,; Q. 57.0[49.0; 62.0] | 54.0[47.0; 59.0] | 52.0 [44.0;59.0] | 0.063 0.419 0.091 1.000
Angina, n (%) 73 (58.9) 42 (79.2) 37 (86.0) 0.004 0.063 0.026 0.973
Angina class 2, n (%) 25(20.2) 12 (22.6) 6(14) 0.547 - - -
Angina class, 3 n (%) 49 (39.5) 29 (54.7) 27 (62.8) 0.016 0.237 0.047 0.840
Angina class 4, n (%) - - 4(9.3) <0.001 1.000 0.039 0.174
NYHA class II, n (%) 44 (35.5) 14 (26.4) 6 (14.0) 0.110 - - -
NYHA class 111, n (%) 80 (64.5) 39 (73.6) 31 (72.0) 0.793 - - -
NYHA class IV, n (%) - - 6 (14.0) <0.001 1.000 0.003 0.033
History of MI, n (%) 45 (36.3) 41 (77.4) 25 (58.1) <0.001 | <0.001 0.069 0.198
IMT, cm, Me (Q,; O, 0.8 [0.8; 0.9] 1.05[0.9; 1.1] 0.9 [0.8; 1.0] 0.024 0.030 0.641 0.972

Note. IMT — intima-media thickness; LVEF — left ventricular ejection fraction; MI — myocardial infarction.

The study revealed a significantly higher
concentration of all laboratory markers of low-grade

inflammation in patients with CHD compared to the
control group (Table 2).
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When examining the levels of laboratory markers
in the blood serum of patients in three groups
according to the SYNTAX score, a statistically
significant enhance in the concentration of CRP,
TNFa, GDF-15, and ESM-1 was found as the severity
of coronary atherosclerosis increased (Table 3).

It is necessary to note the statistical significance
of the differences in the concentration of low-

grade inflammation markers in the blood serum
depending on the presence of certain clinical signs
(Tables 4, 5).

Also noteworthy are the discovered -cor-
relations between the concentration of low-
grade inflammation markers in the blood serum
and several clinical and instrumental indicators
(Table 6).

Table 2

Laboratory values in patients with coronary heart disease and the control group

Parameter Patients with CHD (n = 220) Control group (n = 44) p
CRP, mg/1 7.73 [6.29; 9.21] 3.22[2.15; 3.76] <0.001
TNFo, pg/ml 4.6 [3.6; 5.8] 1.4[1.1;2.7] <0.001
GDF-15, pg/ml 723 [579; 912] 405 [291; 591] <0.001
ESM-1, ng/ml 18.95 [11.51; 26.13] 5.97 [4.38; 8.25] <0.001
Table 3
Laboratory values in patients of three groups
Parameter Group 1 (n=124) Group 2 (n=53) Group 3 (n=43) P P, P D,
CRP, mg/1 7.23 [5.64; 7.86] 8.49 [7.99; 9.15] 9.99[9.32; 11.63] <0.001 | <0.001 | <0.001 | 0.023
TNFo, pg/ml 4.0[3.2;4.8] 5.5[4.7,5.9] 7.05[5.2;7.8] <0.001 | <0.001 | <0.001 | 0.102
GDF-15, pg/ml 613.0 [422.5; 695.5] 891.0 [800; 944] 1245.0 [1100; 1400] <0.001 | <0.001 | <0.001 | <0.001
ESM-1, ng/ml 14.40[10.19; 19.91] 20.31[12.75; 24.12] 32.10 [22.12;38.21] <0.001 | 0.039 | <0.001 | <0.001
Note. The Kruskal-Wallis test was used for comparisons of the quantitative or ordinal data.
Table 4
Laboratory values in patients depending on the presence of angina
Parameter Patients with angina (n = 152) Patients without angina (n = 68) 2
CRP, mg/1 8.15[6.84; 9.56] 7.44 [5.24; 8.12] 0.003
TNFa, pg/ml 5.0 [3.8; 6.1] 4.2[3.4;5.4] 0.006
GDF-15, pg/ml 789 [632; 979] 656.5 [500; 842] <0.001
ESM-1, ng/ml 20.05 [13.38; 29.57] 13.29 [9.23; 20.05] <0.001
Table 5
Laboratory values in patients depending on the presence of a history of myocardial infarction
Parameter Patients with history of MI (n = 110) Patients without history of MI (n = 110) p
CRP, mg/l 8.33 [6.89; 9.32] 7.44[6.21; 8.45] 0.039
TNFa, pg/ml 5.1[3.9;6.1] 4.3[3.3;5.4] 0.004
GDF-15, pg/ml 866 [690; 980] 633 [497; 800] <0.001
ESM-1, ng/ml 20.605 [14.78; 30.10] 12.105 [6.78; 19.21] <0.001
Table 6

Evaluation of statistical relationships between clinical, instrumental, and laboratory parameters using the Spearman’s
R rank correlation coefficient

Parameter R (p-value)
CRP TNFa GDF-15 ESM-1
SYNTAX score +0.487 (<0.001) +0.573 (<0.001) —0.830 (<0.001) +0.474 (<0.001)
IMT +0.178 (0.184) +0.288 (0.030) —0.499 (<0.001) +0.436 (<0.001)
LVEF —0.092 (0.174) —0.125 (0.064) —0.210 (0.002) —0.197 (0.003)
FC of angina +0.236 (<0.001) +0.233 (<0.001) +0.434 (<0.001) +0.443 (<0.001)
FCHF by NYHA +0.153 (0.023) +0.220 (<0.001) +0.307 (<0.001) +0.110 (0.106)
Mounts passed after MI +0.222 (0.625) +0.198 (0.102) +0.367 (0.683) +0.261 (0.270)

Note. HF — heart failure.

100

bionneteHb cMbUpcko meanumHbl. 2025; 24 (1): 96-104



Original articles

The multivariate linear regression analysis
was performed to estimate the dependence of the
atherosclerotic lesions of the CAs according to
SYNTAX score on laboratory indices of low-
grade inflammation. This model was shown to be
acceptable for prediction. This is evidenced by the
highly significant value of the Fisher’s criterion:
F=176.138 (p <0.00001). The multiple correlation
coefficient was 0.7686, while the adjusted
determination coefficient was 0.5830. The Dur-
bin — Watson coefficient was 1.9168, which is close
to 2 and indicates the absence of autocorrelation in
the residuals and the adequacy of the constructed
model.

While analyzing the regression results, it should be
noted that among the measured laboratory markers,
a statistically significant relationship between the
SYNTAX score was found only for GDF-15 and, to
a lesser extent, for ESM-1 (Table 7), in contrast to
CRP and TNFa.

Subsequently, after recalculating everything
with the inclusion of only two indicators (GDF-
15 and ESM-1), the model still appears acceptable
for forecasting, The Fisher’s criterion value was
F =126.30, (p < 0.00001); the multiple correlation
coefficient was 0.7358; the adjusted coefficient of
determination was 0.5371; and the Durbin — Watson
coefficient was 1.9605.

Table 7

Results of the multivariate linear regression analysis of the relationship between SYNTAX score and laboratory parameters

Parameter B Standard error b Standard error b p
Intercept — — —6.00057 1.694136 0.000489
GDF-15, pg/ml 0.650666 0.051819 0.02600 0.002070 <0.000001
ESM-1, ng/ml 0.136217 0.049111 0.15113 0.054489 0.006040
CRP, mg/1 0.075386 0.045461 0.20774 0.125274 0.098748
TNFa, pg/ml 0.071769 0.046442 0.23795 0.153976 0.123760

Table 8

Results of the multivariate linear regression analysis of the relationship between SYNTAX score and GDF-15 and endocan values

Parameter B Standard error 3 b Standard error b p
Intercept — - —2.35452 1.546611 0.129391
GDF-15, pg/ml 0.652809 0.051894 0.02430 0.001932 0.000000
ESM-1, ng/ml 0.154705 0.051894 0.17061 0.057228 0.003204
DISCUSSION lipoproteins ratio [12]. In particular, the Reynolds

When studying cardiovascular risk factors, the
relationship between atheroscleroticand inflammatory
processes becomes obvious. A persistent increase in
inflammation markers is closely associated with the
development of adverse cardiovascular events caused
by the rupture of atherosclerotic plaques [2].

It is necessary to note a significant number of
studies examining the role of CRP and TNFa as
representative laboratory markers for predicting
major cardiovascular events [3]. Thus, more than
twenty years ago, P.M. Ridker et al. showed that
the inclusion of CRP and lipids is more effective in
predicting the risk of MI compared to models using
lipids only. Additionally, initial CRP levels predicted
the risk of MI even in individuals with low total
cholesterol or a high total cholesterol/high-density

scales were developed to estimate the risk of adverse
cardiovascular events during a 10-year period in both
women (Reynolds Risk Score) and men (Reynolds
Risk Score for men), which included, among other
things, the CRP level [13]. Of particular interest is a
2018 study involving 7,382 persons to confirm a new
risk scoring system that incorporated factors such
as CRP levels and quantification of calcium in the
coronary arteries. This model, known as Astronaut
Cardiovascular Health and Risk Modification (Astro-
CHARM), surpassed traditional scales, making it
a potentially valuable tool for making risk-based
decisions for the prevention of cardiovascular
diseases [14].

In turn, it is well known that TNFo activates
endothelial cells and induces the expression
of cytokines and chemokines by monocytes/
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macrophages, which lead to the progression of
atherosclerotic processes. Apoptosis of endothelial
cells plays an important role in the development
of atherosclerosis [15]. TNFa induces apoptosis
of endothelial cells by enhancing autophagy
and promotes their premature aging [16]. It has
been extensively studied that TNFa suppresses the
regulation of the eNOS gene, leading to a decrease
in the production of nitric oxide (NO) and, as
a result, endothelial proliferation and inhibition of
endothelium-dependent vasodilation [17].

A number of studies have demonstrated that
TNFa causes endothelial dysfunction, promotes the
formation of foam cells, angiogenesis, proliferation
of smooth muscle cells, and thrombosis [18, 19].

However, there is growing interest in studying
new laboratory markers of low-grade inflammation,
such as GDF-15 and endocan. It is the ability of
cardiomyocytes to produce GDF-15 in response
to stress that underlies the diagnostic value of this
marker. L. Lind et al. [20] studied the intima-media
thickness and the plaque height in the carotid arteries
using ultrasound and found that the proportion of
thickened atherosclerotic plaques increased with
the higher levels of GDF-15. A. Rohatgi et al. [21]
demonstrated a positive correlation between GDF-
15 and signs of subclinical coronary atherosclerosis
and mortality. The data obtained in eight studies from
an examination of 4,126 patients with heart failure
demonstrated an association between excessive
expression of GDF-15 and an increased risk of death
[22]. Moreover, GDF-15 meets the criteria of R.S.
Vasan (2006) as a biological marker of increased
cardiovascular risk [23].

In turn, endocan expression in endothelial cells
increases in response to inflammatory triggers
such as lipopolysaccharides and cytokines (TNFa,
transforming growth factor B1, fibroblast growth
factor 2, interleukin-1p, hypoxia-inducible factor 1a),
and decreases with interferon y [24, 25]. Endocan
also enhances the production of proinflammatory
cytokines by endothelial cells, the expression of
adhesion molecules, and the adhesion between
monocytes and endothelial cells. In addition,
endocan-activated adhesion molecules can secrete
potent chemokines such as IL-8 and monocyte
chemoattractant protein-1, which are necessary for
the inflammatory response and contribute to the
progression of atherosclerosis [26]. Several studies
have investigated the role of endocan as a biomarker

for predicting the severity of CHD using the Gensini
and SYNTAX score, which take into consideration
the anatomy, morphology, and severity of coronary
artery stenosis and are widely used in clinical practice
to choose the optimal type of treatment and predict
overall cardiovascular risk. However, there have
been conflicting results regarding the correlation of
endocan with both scales, with some studies reporting
significant, independent, and positive correlations
[27, 28], while others did not find any significant
associations [29, 30].

The present study has revealed higher
concentrations of all low-grade inflammation markers
in patients with CHD compared to the control
group (p < 0.0001). There was also an increase in
their values with the progression of the CA lesions
(» <0.0001). Statistically significant differences were
found depending on the presence of such clinical
signs as angina pectoris and a history of MI, as well
as a number of correlations between their values and
a number of clinical and instrumental characteristics.
Subsequently, using the multivariate linear regression
analysis, an attempt was made to assess the predictive
significance of serum concentrations of CRP, TNFa,
GDF-15, and ESM-1. The last two indicators
demonstrated an independent relationship with the
severity of atherosclerotic processes in the coronary
bed. It should be noted, that GDF-15 turned out to
be the most significant in this model (f = 0.651; b =
0.026; p <0.0001).

CONCLUSION

The study demonstrated that simultaneous
quantitative measurement of several laboratory
parameters may be a more powerful tool for estimating
the risk of coronary heart disease progression. This
approach allows for a more accurate assessment of
multiple aspects of pathogenesis. Furthermore, it was
shown that endocan and, to a greater extent, GDF-
15 are associated with the severity of atherosclerotic
processes in the coronary arteries.
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