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* Correspondence: dorolsze@cm.umk.pl

Abstract: High-density lipoproteins (HDL) play an important role in the prevention of atherosclerosis.
The aim of the study was to assess the relationship between serum HDL-C concentration and
proinflammatory/prothrombic activation in coronary artery disease (CAD) patients. The study group
included 27 acute myocardial infarction (AMI) patients and 30 stable angina pectoris (SA) patients.
The control group consisted of 23 people without cardiac symptoms. In the AMI and SA groups, a
lower HDL-C and a higher LDL-C/HDL-C index were observed. The SA patients had lower total
cholesterol, LDL-C, sE-selectin ligand, as well as higher triglycerides and CD40 concentration in
comparison with both the control and AMI groups. A higher von Willebrand Factor and intercellular
adhesion molecule-1 were found in both study groups. Low HDL-C concentration in the CAD
patients may intensify pro-inflammatory endothelial activation and prothrombotic processes. A low
concentration of HDL-C and a high value of the LDL-C/HDL-C index seem to be better indices of
atherogenic processes than the LDL-C concentration alone.

Keywords: coronary artery disease; high-density lipoprotein; von Willebrand factor; sE-selectin;
sICAM-1; sCD40L

1. Introduction

High-density lipoproteins (HDL) are assumed to perform an important role in the
prevention of atherosclerosis. Their atheroprotective effect is complex. The participation
of HDL in the reverse cholesterol transport from tissues to the liver is most significant in
this process. The non-lipid antiatherogenic HDL effect is associated with its antioxidative,
anti-inflammatory and antithrombotic activity [1–4].

The antioxidative activity of HDL is engaged in the inhibition of low-density lipopro-
tein (LDL) oxidative modification. The inhibition of LDL oxidation is determined by
apoprotein AI (apo AI), the main protein component of HDL and by paraoxonase 1 (aryl-
dialkylphosphatase, EC 3.1.8.1), an enzyme transported in the HDL fraction [4,5]. Oxidized
LDL is cytotoxic to the vascular endothelium, causing damage that initiates atherogenesis
processes [4]. Measurement of biochemical endothelial damage is possible by evaluating
the von Willebrand factor (vWF) released from endothelial cells into the bloodstream [6].
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The anti-inflammatory effect of the HDL fraction is manifested in the inhibition of the
expression of adhesion molecules, including P-selectin, E-selectin, intercellular adhesion
molecule-1 (ICAM-1) and vascular cell adhesion molecule-1 (VCAM-1), on the endothelial
surface. It results in the inhibition of adhesion of T-cells and monocytes to the vascular
endothelium and in the migration of these cells to the atheromatous focus. Soluble forms
of endothelial adhesion molecules (sP-selectin, sE-selectin, sICAM-1, sVCAM-1) released
from the surface of activated endotheliocytes into the bloodstream are indicators of the
activation of pro-inflammatory processes [4,6,7].

HDL also has an antithrombotic effect, which is associated with the inhibition of the
blood coagulation process and inhibition of platelet activation [3,4]. It is considered that sol-
uble CD40 ligand (sCD40L) might serve as a new indicator of the severity of prothrombotic
process. The sCD40L molecule is a fragment of the transmembrane glycoprotein, CD40L,
released from the cell surface into the bloodstream [5]. Both CD40 ligand and its CD40
receptor are coexpressed on cells involved in the atherogenesis process, such as vascular
endothelial and vascular smooth muscle cells, activated T lymphocytes, macrophages and
platelets. Activation of the CD40/CD40L system initiates an endothelial pro-inflammatory
response and exerts prothrombotic effects [8,9]. The possible mechanisms of HDL and LDL
action on the atherogenic processes are presented in Figure 1.
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Figure 1. Possible role of high-density (HDL) and low-density (LDL) lipoproteins in the pathogenesis of
atherosclerosis and coronary artery disease (CAD). ROS—reactive oxygen species; sCD40L—soluble
CD40 ligand; sICAM-1—intracellular adhesion molecule-1; vWF—von Willebrand factor.

The level of HDL in the blood serum can be evaluated based on the level of the
HDL cholesterol fraction (HDL-C) or on the concentration of the protein components (apo
AI), whereas the LDL level can be assessed by measuring of the LDL cholesterol (LDL-C)
fraction [10].

The aim of the study was to evaluate the clinical relation between serum level of
HDL-C and the intensity of proinflammatory and prothrombotic endothelial activation, as
well as endothelial damage in coronary artery disease (CAD) patients.

2. Materials and Methods
2.1. Study Group

The study group included 57 CAD patients: 27 acute myocardial infarction (AMI) pa-
tients (troponin I concentration: 0.726/6.082 ng/mL, Abott Architect, Poland) and 30 stable
angina pectoris (SA) patients treated between September 2013 and December 2014 in the
Department of Cardiology and Internal Diseases of Ludwik Rydygier Collegium Medicum
in Bydgoszcz, Nicolaus Copernicus University in Torun, Poland. Samples were collected
up to 8 h after the onset of symptoms to ensure they serve as a valid estimate of patient
lipid profile. The mean age of AMI patients was 61.9 ± 11.2 years and the mean age of
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patients with SA was 63.3 ± 9.9 years. The diagnosis of CAD was based on prior medical
history, clinical examination and contemporary cardiovascular imaging techniques. Before
hospitalization, the CAD patients received conventionally recommended drugs, includ-
ing acetylsalicylic acid (ASA), statins and blood pressure-lowering therapy. In the AMI
group, 83% of subjects had ST-elevation myocardial infarction (STEMI) and 17% without
ST segment elevation (NSTEMI). The SA group included patients with anginal pain class
II according to the Canadian Cardiovascular Society (CCS) classification. The patients
were treated with a standard treatment procedure. The control group (C) consisted of
23 volunteers without cardiac symptoms, such as chest pain, nausea, heart palpitations or
breathlessness with chest discomfort during an activity. The control subjects were selected
from people 45–64 years of age without cardiac symptoms for whom the estimated 10-year
risk of fatal cardiovascular disease, assessed with the Systematic Coronary Risk Estimation
chart for high-risk regions of Europe [11], did not exceed 4%. The research was conducted
in the Department of Pathobiochemistry and Clinical Chemistry of Ludwik Rydygier Col-
legium Medicum in Bydgoszcz, Nicolaus Copernicus University in Torun, Poland. Each
patient gave informed consent for being included in the study. The protocol of retrospec-
tive case–control study was approved by the Local Bioethics Committee. All procedures
were performed in accordance with the institutional and national ethical standards of the
responsible committee on human experimentation and with the Helsinki Declaration of
1975, as revised in 2000 (5).

2.2. Laboratory Tests

In the AMI patients, the samples for fasting blood tests were taken from the ante
cubital vein during routine checks within 8 h of the cardiac incident. Blood samples from
the control group were collected once during routine medical examination at the time of the
study. All samples were kept in sterile test tubes (Grainer Bio-one, Kremsmünster Austria).

Concentrations of biochemical markers of endothelial damage were assayed by the
ELISA method using a microplate Multiscan Ex reader (Labsystems, Vantaa, Finland).
Levels of vWF (Asserachrom vWF, Roche Diagnostics, Warsaw, Poland) were assessed in the
citrated plasma, and sCD40L (Human sCD40L, R&D Systems, Warsaw, Poland) in the EDTA
plasma. Concentrations of soluble ICAM-1 (human sICAM-1 ELISA, Bender MedSystems,
Wien, Austria) and E-selectin (human sE-selectin, Bender MedSystems, Wien, Austria) were
assessed in the blood serum. Concentrations of lipids in the blood serum were determined
by routine laboratory techniques, namely total cholesterol (TC) and triglycerides (TG) by an
enzymatic method, and HDL-C by a direct method (Abbott Architect, Poland). The LDL-C
concentration was calculated using the Friedewald formula. The atherogenic indicator
value was calculated as a ratio of LDL-C to HDL-C (LDL-C/HDL-C).

2.3. Statistical Analysis

Statistical analysis was executed using the STATISTICA 13.1 software (StatSoft, Poland).
A power of 80% and alpha level of 0.05 were used to calculate the sample size. The Shapiro–
Wilk test was applied for the estimation of the compatibility of the measured parameters’
distribution with normal distribution. The concentration of each determined parameter
was presented as median and interquartile range (IQR). The Mann–Whitney and Kruskal–
Wallis tests were applied to evaluate the statistical significance of the differences between
the study and control groups. A value with p < 0.05 was assessed as statistically signif-
icant. The relationships between parameters were examined using the Spearman rank
correlation coefficients.

3. Results

Clinical characteristics and the prevalence of risk factors in the study groups are
shown in Table 1. The control and CAD groups were homogeneous regarding risk factors
relevant to the development of CAD, including body mass index (BMI), smoking, diabetes,
cholesterol and LDL-C levels. The statistically significant difference between the age of the
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control group and the CAD group results mainly from the difference in age among men
from both groups.

Table 1. Clinical characteristics of the coronary artery disease (CAD) patients and control subjects
without cardiac symptoms (C).

Parameter CAD (n = 57) C (n = 23) p

Gender: women/men 16 (28%)/41 (72%) 13 (57%)/10 (43%) 0.115/0.240

Age (years) 62.6 ± 10.5 ˆ 54.3 ± 13.2 ˆ 0.003

Age: women/men (years) 61.1 ± 13.8 ˆ/63.3 ± 9.1 ˆ 57.3 ± 9.0 ˆ/45.8 ± 12.9 ˆ 0.235/0.001

BMI (kg/m2) 26.69 ± 4.44 ˆ 25.08 ± 3.01 ˆ 0.189

BMI: women/men (kg/m2) 25.27 ± 4.17 ˆ/27.01 ± 2.87 ˆ 24.55 ± 3.12 ˆ/25.81 ± 2.87 ˆ 0.530/0.531

BMI > 30 kg/m2 11 (19%) 0 (0%) 0.039

Hypertension 28 (49%) 2 (9%) 0.014

Diabetes (stable) 7 (12%) 0 (0%) 0.098

Cigarette smoking 23 (40%) 5 (23%) 0.258

Total cholesterol > 5.0 mmol/L 19 (33%) 16 (70%) 0.180

Triglycerides > 2.3 mmol/L 5 (9%) 1 (4%) 0.870

HDL cholesterol < 1.0 mmol/L 26 (46%) 1 (4%) 0.007

LDL cholesterol > 3.0 mmol/L 30 (53%) 20 (87%) 0.185

Footnotes: BMI—body mass index, ˆ—values are given as mean ± standard deviation, p—statistical significance
level. The differences between the groups were determined using a non-parametric Mann–Whitney U test
(parameters 2–5) or a two-fraction test (parameters 1; 6–13).

Serum lipid profile in both AMI and SA groups was characterized by significantly
lower HDL-C concentration and a higher atherogenic index (LDL-C/HDL-C) when com-
pared to the control group. The LDL-C/HDL C index was higher in the AMI group than
in the SA group. The SA patients had significantly lower levels of TCH and LDL-C, and
significantly higher TG concentrations in comparison with the control and AMI groups
(Table 2).

Table 2. Lipid parameters and endothelial cell markers in the control (C) subjects without cardiac
symptoms and in the coronary artery disease (CAD) patients, divided into two subgroups, including
acute myocardial infarction (AMI) and stable angina (SA) patients.

C (n = 23)
Me/IQR

CAD (n = 57)
Me/IQR p * AMI (n = 27)

Me/IQR p ** SA (n = 30)
Me/IQR p *** p ****

Total cholesterol
(mmol/L) 5.87/1.24 4.70/1.63 0.008 5.12/2.53 0.355 4.24/1.39 0.001 0.018

LDL cholesterol
(mmol/L) 3.67/1.12 3.08/1.39 0.119 3.52/1.88 0.763 2.61/0.92 0.003 0.003

HDL cholesterol
(mmol/L) 1.45/0.70 1.06/0.34 <0.001 1.06/0.34 0.001 1.01/0.22 <0.001 0.203

Triglycerides
(mmol/L) 1.16/0.62 1.20/0.62 0.953 1.07/0.59 0.224 1.33/0.60 0.038 0.011

LDL-C/HDL-C 2.46/1.70 2.90/1.22 0.020 3.39/1.17 0.003 2.80/0.76 0.002 0.003

vWF (%) 89.0/40.0 147.0/65.5 <0.001 182.0/55.0 <0.001 124.0/42.0 <0.001 <0.001

sE-selectin (ng/mL) 30.2/10.0 26.0/17.5 0.111 29.0/15.0 0.953 22.5/32.3 0.007 0.006
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Table 2. Cont.

C (n = 23)
Me/IQR

CAD (n = 57)
Me/IQR p * AMI (n = 27)

Me/IQR p ** SA (n = 30)
Me/IQR p *** p ****

sICAM-1 (ng/mL) 250.0/64.0 311.0/118.5 0.001 311.0/140.0 <0.001 306.7/121.5 0.002 0.366

sCD40L (pg/mL) 139.0/337.0 410.0/322.0 0.030 394.0/665.0 0.326 443.5/200.0 0.047 0.367

Footnotes: Me—median value, IQR—interquartile range, vWF—von Willebrand factor, sICAM-1—intracellular
adhesion molecule-1, sCD40L—soluble ligand CD40, LDL-C/HDL-C—atherogenic indicator, p—statistical signif-
icance between groups: *—CAD vs. C (Mann–Whitney test); **—AMI vs. C, ***—SA vs. C, ****—AMI vs. SA
(Kruskal–Wallis test).

A significant increase in the concentration of endothelial cell markers, including vWF
and sICAM-1, was found in both study groups in comparison with the control group. The
concentration of vWF in AMI was significantly higher than in SA. The SA patients had a
significantly higher concentration of sCD40L in comparison with the control group. No
significant difference in the level of sCD40L and sE-selectin was observed between the AMI
and control groups. The sE-selectin concentration was lower in the SA group than in the
controls and in the AMI group (Table 2).

In the group of all patients with CAD, a significant negative correlation was ob-
served between the level of HDL-C and the concentration of vWF, sE-selectin and sCD40L
(Figure 2). The value of the atherogenic indicator, LDL-C/HDL-C, positively correlated
with the concentration of vWF, sICAM 1 and sCD40L (Figure 3). Concentrations of TCH,
LDL-C and TG showed no correlation with any of the determined endothelial cell markers
(Table 3).
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Figure 2. Correlations in the group of coronary artery disease (CAD) patients between the high-
density lipoprotein cholesterol (HDL-C) fraction and (a) soluble ligand CD40 (sCD40L); (b) soluble
E-selectin (sE-selectin); and (c) von Willebrand factor (vWF). The regression line is marked with a
solid line, while the confidence intervals of 0.95 are marked with a dashed line.
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Figure 3. Correlations in the group of patients with coronary artery disease (CAD) between the
atherogenic indicator, LDL-C/HDL-C, and (a) soluble ligand CD40 (sCD40L); (b) soluble E-selectin
(sE-selectin); and (c) von Willebrand factor (vWF). The regression line is marked with a solid line,
while the confidence intervals of 0.95 are marked with a dashed line.
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Table 3. Correlations between lipid parameters and endothelial cell markers in the coronary artery
disease (CAD) patients and control (C) subjects without cardiac symptoms.

C (n = 23) CAD (n = 57)

TCH HDL-C LDL-C LDL-C/
HDL-C TG TCH HDL-C LDL-C LDL-C/

HDL-C TG

vWF r = −0.005
p = 0.980

r = −0.080
p = 0.717

r = 0.144
p = 0.512

r = 0.127
p = 0.565

r = −0.046
p = 0.833

r = −0.030
p = 0.823

r = −0.263
p = 0.048

r = 0.070
p = 0.604

r = 0.372
p = 0.004

r = −0.142
p = 0.293

sE-selectin r = −0.172
p = 0.434

r = −0.171
p = 0.436

r = −0.048
p = 0.830

r = 0.074
p = 0.737

r = 0.124
p = 0.573

r = −0.288
p = 0.053

r = −0.359
p = 0.014

r = −0.219
p = 0.145

r = 0.104
p = 0.491

r = −0.175
p = 0.245

sICAM-1 r = 0.118
p = 0.591

r = −0.172
p = 0.431

r = 0.161
p = 0.462

r = 0.217
p = 0.320

r = 0.396
p = 0.061

r = 0.167
p = 0.214

r = 0.004
p = 0.977

r = 0.192
p = 0.153

r = 0.314
p = 0.017

r = 0.166
p = 0.219

sCD40L r = −0.270
p = 0.212

r = 0.252
p = 0.245

r = −0.205
p = 0.349

r = −0.311
p = 0.149

r = −0.528
p = 0.010

r = −0.013
p = 0.923

r = −0.326
p = 0.013

r = 0.060
p = 0.659

r = 0.271
p = 0.041

r = 0.054
p = 0.659

Footnotes: vWF—von Willebrand Factor, sICAM-1—intracellular adhesion molecule-1, sCD40L—soluble ligand
CD40, LDL-C/HDL-C—atherogenic indicator, r—Spearman’s rank correlation coefficient, p—level of statisti-
cal significance.

In the AMI group, HDL-C correlated negatively with vWF, whereas the atherogenic
index (LDL-C/HDL-C) and TG correlated positively with sICAM-1. In the SA group,
negative correlations of HDL-C with vWF and sE-selectin were evidenced (Table 4, Figure 4).
In the control group, the concentration of HDL-C did not correlate with other parameters
measured, but the TG concentration correlated negatively with the level of sCD40L (Table 3).

Table 4. Correlations between lipid parameters and endothelial cell markers in the patients with
acute myocardial infarction (AMI) and stable angina (SA).

AMI (n = 27) SA (n = 30)

TCH HDL-C LDL-C LDL-C/
HDL-C TG TCH HDL-C LDL-C LDL-C/

HDL-C TG

vWF r = −0.410
p = 0.033

r = −0.516
p = 0.006

r = −0.329
p = 0.094

r = 0.268
p = 0.177

r = 0.181
p = 0.366

r = −0.155
p = 0.413

r= −0.394
p = 0.031

r = −0.114
p = 0.547

r = −0.097
p = 0.694

r = 0.035
p = 0.854

sE-selectin r = −0.238
p = 0.233

r = −0.306
p = 0.120

r = −0.214
p = 0.284

r = 0.157
p = 0.435

r =−0.006
p = 0.976

r = −0.436
p = 0.062

r = −0.511
p = 0.025

r = −0.314
p = 0.190

r = 0.104
p = 0.491

r = −0.358
p = 0.133

sICAM-1 r = 0.212
p = 0.288

r = −0.227
p = 0.256

r = 0.234
p = 0.241

r = 0.592
p = 0.001

r = 0.517
p = 0.006

r = 0.079
p = 0.680

r = 0.171
p = 0.365

r = 0.140
p = 0.461

r = 0.040
p = 0.833

r = −0.045
p = 0.814

sCD40L r = −0.026
p = 0.897

r =−0.357
p = 0.067

r = 0.033
p = 0.870

r = −0.311
p = 0.149

r = 0.129
p = 0.520

r = 0.069
p = 0.716

r = −0.207
p = 0.273

r = 0.207
p = 0.272

r = 0.259
p = 0.167

r = −0.187
p = 0.322

Footnotes: vWF—von Willebrand factor, sICAM-1—intercellular adhesion molecule-1, sCD40L—soluble ligand
CD40, LDL-C/HDL-C—atherogenic indicator, r—Spearman’s rank correlation coefficient, p—level of statisti-
cal significance.
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4. Discussion

In the present study, a lower concentration of HDL-C and an elevation of endothelial
cell markers, including sICAM-1 and vWF, were determined in the patients with AMI
and SA, as compared to the control group. An elevated concentration of prothrombotic
endothelial marker (sCD40L) was found in both study groups; however, a significant
difference versus the controls was shown only in the SA group.

Low concentrations of HDL-C were related to the increased values of the atherogenic
index (LDL-C/HDL-C) in both SA and AMI groups in comparison with the control group.
Concentrations of TCH and LDL-C in the SA group were significantly lower than in
the control group and the AMI group. Statins, taken by most of the examined patients,
could have exerted a positive effect on the lipid profile of SA patients. Statin medications
reduce LDL-C concentration; however, they do not, or only moderately, affect the HDL-C
level [12–14].

Low concentrations of HDL-C, observed in all CAD patients, were related to an in-
crease in pro-inflammatory and prothrombotic activity and endothelial damage. This was
shown by the negative correlations found between the level of HDL-C and the concentration
of endothelial pro-inflammatory activation markers (sE-selectin), endothelial damage mark-
ers (vWF) and markers of prothrombotic activity (sCD40L). The influence of low HDL-C
levels on the activation of endothelial cells can also be confirmed by the positive correlation
between the atherogenic index (LDL-C/HDL-C) value and sICAM-1 concentration.

The composition and conformation of proteins in HDL-C particles are closely related to
inflammation, complement activation and immunity [15,16]. Acute inflammation reduces
the concentration of plasma HDL-C and changes the protein composition of HDL-C parti-
cles [15]. Chronic inflammation, kidney disease and cardiovascular disease are associated
with the emergence of new proteins that are not present in HDL-C under physiological
conditions, which has been shown to cause HDL-C dysfunction in the anti-inflammatory
and antioxidant activities [15,16].

Low HDL levels in male patients with CAD prior to anti-clotting therapy were associ-
ated with high sCD40L levels. On the other hand, the normalization of inflammation and a
decrease in sCD40L concentration after 45 days of treatment was correlated with increasing
HDL-C concentration [17]. Additionally, physiologically structured HDL-C particles inhibit
the ICAM-1 expression on inflammation-activated vascular endothelial cells [18].

In the CAD patients, the influence of the atherogenic LDL fraction on the activity
and damage of the endothelium was not shown, so the low level of the HDL fraction is
supposed to be the main atherogenic factor.

Numerous dysfunctions of HDL have been described in patients with cardiovascular
diseases, including reduced capacity of cholesterol efflux from macrophages and other cells,
a diminished inhibition of the expression of adhesion molecules on endothelial cells, an
impaired stimulation of the bioavailability of endothelial nitric oxide, a limited activity in
promoting the survival of endothelial cells, as well as impaired antioxidative effects [19].
Endothelial function and repair are potentiated by HDL [20].

The HDL level in both AMI and SA groups was lower than in the control group, but
no significant difference in the value of this parameter between these two pathological con-
ditions was found. Our observations have given rise to the hypothesis that the functionality
of the HDL particle might be at least as important as the concentration of HDL-C.

It was found that in patients with AMI, the severity of an ischemic event has an
evident impact on HDL function as biomarkers of myocardial infarction extent, such
as creatine kinase (CK, EC 2.7.3.2) and its CK-MB isoenzyme, correlate positively with
the degree of HDL dysfunction. An acute inflammation, characteristic of AMI, has been
shown to reduce the cholesterol efflux properties of HDL. Annema et al. [21] demonstrated
that two important atheroprotective functions of HDL, namely cholesterol efflux from
macrophage foam cells and the suppression of the expression of inflammation-induced
adhesion molecules in endothelial cells, are substantially impaired in STEMI patients.
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The soluble cell adhesion molecule expression is intensified by vascular risk factors, in-
cluding high levels of cholesterol and triacylglycerols and low concentrations of HDL-C. Lu-
pattelli et al. [22] described that low HDL-C levels correlated with higher levels of sVCAM-1
and sICAM-1 in hyperlipidemic subjects free of cardiovascular disease. Calabresi et al. [23]
observed increased concentrations of sICAM-1 and sE-selectin in both normolipidemic
and hyperlipidemic patients with low HDL-C levels. However, Stanojevic et al. [24] found
no relation between low levels of HDL-C and concentrations of sICAM-1, sVCAM-1 and
sE-selectin in normolipidemic subjects with CAD.

Elevated vWF concentrations in both clinical groups evidenced endothelial damage,
which was more intense in the AMI group. Different states of endothelial disorders
are associated with raised plasma levels of vWF. Thus, the vWF measurement has been
proposed as a gold standard for the estimation of endothelial damage [6,25,26]. What is
important is that vWF participates in the pathological process of the formation of arterial
thrombus regarding both the platelet function and coagulation cascade [26,27]. Therefore,
it may also be an indicator of increased blood prothrombotic activation.

In patients with CAD, low HDL-C concentration promotes prothrombotic activity. In
the present study, this statement was confirmed by the negative correlation between HDL-C
and levels of the soluble form of CD40L. The prothrombotic activity of the CD40/CD40L
system is expressed by the activation of coagulation process and platelet action, leading to
the formation of a blood clot on the surface of atherosclerotic plaque.

The relationship between the level of HDL-C and the activation of the CD40/CD40L
system has been also confirmed by other studies. A negative correlation between HDL-C
and sCD40L was observed in CAD patients [28] and in subjects with prediabetes [29].
Akinci et al. [30] showed a negative correlation between serum HDL-C and sCD40L levels,
as well as a positive correlation between the LDL-C/HDL-C ratio and the sCD40L level in
children of parents suffering from metabolic syndrome.

Activation of pro-inflammatory and prothrombotic properties of the CD40/CD40L
system may be associated with increased LDL oxidation caused by the reduction of the
antioxidant capacity of plasma, induced by decreased HDL-C levels [9]. Oxidized LDL can
stimulate the expression of the CD40/CD40L system on endothelial cells. Stimulation of
the CD40/CD40L system results in the intensification of adhesion molecule expression on
the endothelium and the expression of tissue factor on endothelial and smooth muscle cells.
Tissue factor, via the activation of the coagulation system, can also affect the activation of
platelets. Activation of pro-inflammatory and prothrombotic processes by the CD40/CD40L
system indicates that it is a common link between the early and late processes involved in
atherogenesis [9].

In the patients examined in the present study, LDL oxidation processes were not
assessed. What is worth mentioning is that no relationship between serum LDL-C levels and
the intensity of pro-inflammatory and prothrombotic processes was found. Peng et al. [28]
also showed no relationship between concentrations of LDL-C and sCD40L in coronary
artery disease. However, sCD40L levels correlated positively with apo B, the major protein
component of LDL [28]. Snidermann et al. [31,32] and Vaverkova et al. [33] revealed that
apo B is a better risk factor for cardiovascular disease than LDL-C.

Based on the results of the present study, the atherogenic index (LDL-C/HDL-C)
seems to be a good indicator of the relationship between the serum lipid profile and pro-
inflammatory activation, endothelial damage, as well as prothrombotic processes. Its
value depends on the level of both lipoprotein fractions, namely atherogenic LDL and
anti-atherogenic HDL. In the present study, the LDL-C/HDL-C index was higher in the
AMI group than in the SA group. In all subjects with CAD, this index correlated positively
with sICAM-1, vWF and sCD40L.

Interestingly, HDL-C concentration and the atherogenic index (LDL-C/HDL-C) did
not affect the concentration of endothelial cell markers in the control group. In the sub-
jects without cardiac symptoms, only a negative correlation between TG and sCD40L
concentration was found.
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The results of the present study confirmed the pro-atherogenic activity of low HDL
levels, assessed as HDL-C concentration. Other authors also indicate that HDL function
varies according to the clinical situation [34,35]. Both in the acute phase and in chronic
disorders with activation of the inflammatory reaction, an unfavorable transformation of
the HDL molecule occurs, leading to the loss of its ability to reverse cholesterol transport
and its anti-inflammatory and antioxidant properties. In CAD, a reduction in the ability
of HDL to inhibit LDL oxidation was observed. For that reason, the need to introduce
new tests to assess the cardiovascular risk has been emphasized in numerous publications.
Evaluation of HDL protein composition and/or HDL structure and function has been
proposed [2,34–37].

In the present study, it was shown that low levels of HDL can intensify inflammatory
and prothrombotic processes, thus participating in the early and late phases of atherogene-
sis. It might be assumed that statins taken by the examined patients had a positive effect
on qualitative changes in the HDL molecule, although they did not cause an increase in the
concentration of this fraction of lipoproteins. However, changes in HDL structure were not
examined in the present study.

In addition to the discussed risk factors related to the lipid profile, endothelial dysfunc-
tion, which may affect the development of many diseases, such as diabetes, hypertension
and CAD, should also be taken into account [38]. The local change in blood flow reduces
the oxygen supply and increases the activation and adhesion of platelets. This process
results in the augmentation of oxidative stress and inflammatory processes. In people
with a genetic burden of endothelial cell dysfunction, it is an additional factor influencing
the development of CAD, its severity, course and effectiveness of therapy. The genetic
factors include allelic variants of the NOS3 gene coding for endothelial nitric oxide synthase
(eNOS), which lead to endothelial dysfunction and an increased risk of cardiovascular
disorders [39]. Therefore, tests assessing endothelial function may be an independent
parameter of the risk of cardiovascular disease [38].

The main limitation of the study is the lack of precise information on the types
and doses of individual medications taken by the CAD patients. Due to the condition
of the patients, it was not possible to obtain accurate data in this regard. The variety
of medications used, including ASA, statins and blood pressure-lowering therapy, is
undoubtedly a confounding factor in our experiment. As was mentioned above, among the
drugs used, statins have been established to significantly reduce LDL-C (mean reduction:
41.8 mg/dL), which has been correlated with a decrease in all-cause mortality and major
vascular events [40]. Statins have also been found to act via anti-inflammatory, antioxidant
and antiplatelet mechanisms [41]. ASA and blood pressure-lowering therapy, including
angiotensin II convertase inhibitors, might also modify the levels of biochemical parameters
measured in the present study. Thus, due to the inability to analyze the effect of drugs
on the parameters of lipid metabolism, the study focused on comparing these parameters
between the AMI and SA patients. The small number of patients is another limitation
of the study. However, due to the promising results, we decided to present the obtained
relationships and correlations.

According to the current guidelines of the European Society of Cardiology, concerning
the procedures of dyslipidemia treatment, HDL-C is not a therapeutic target [11]. Never-
theless, the results of the present study might suggest that the development of effective
treatment strategies leading to increased levels of the HDL-C fraction may decrease the
risk of cardiovascular disease.

5. Conclusions

Low concentrations of high-density lipoproteins in CAD patients may promote pro-
inflammatory endothelial activation and intensify prothrombotic processes. The CD40/
CD40L system may be a contributing factor to these disturbances. According to the
results of the present study, low levels of HDL-C and high values of the LDL-C/HDL-C
index seem to be better indices of atherogenic processes in CAD patients than LDL-C
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concentration alone. Additionally, the measurement of vWF, s-ICAM-1 and sCD-40L might
be suggested in patients with heart failure to confirm endothelial dysfunction and provide
personalized therapy.
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