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Abstract: Background and objectives: Polyvascular atherosclerosis is frequent and associated with a
high cardiovascular risk, although the mechanisms regulating the atherosclerosis extent to single
or multiple arterial territories are still poorly understood. Inflammation regulates atherogenesis
and soluble CD40 ligand (sCD40L) is an inflammatory mediator associated with the presence of
single-territorial atherosclerosis. We assessed whether the sCD40L expression is associated with the
atherosclerosis extent to single or multiple arterial territories and with the atherosclerosis severity
in different territories. Materials and Methods: We prospectively enrolled 94 participants with no
atherosclerosis (controls, n = 26); isolated coronary atherosclerosis (group 1, n = 20); coronary
and lower extremity (LE) atherosclerosis (group 2, n = 18); coronary and carotid atherosclerosis
(group 3, n = 12); and coronary, LE, and carotid atherosclerosis (group 4, n = 18). Serum sCD40L
levels were quantified. Results: The sCD40L levels (ng/mL, mean (standard deviation)) were 4.0
(1.5), 5.6 (2.6), 7.2 (4.2), 5.9 (3.7), and 5.1 (2.4) in controls and groups 1 to 4, respectively (ANOVA
p = 0.012). In nonrevascularized patients, the sCD40L levels were significantly higher in group 2
than in group 1 and were correlated with the number of LE diseased segments. Prior LE bypass
surgery was associated with lower sCD40L levels. Coexistence of coronary and LE atherosclerosis
was independently associated with the sCD40L levels. Conclusions: The sCD40L levels were increased
in stable atherosclerosis, particularly in polyvascular coronary and LE atherosclerosis. The number
of LE diseased segments and prior LE revascularization were associated with sCD40L expression.
To our knowledge, these are novel data, which provide insights into the mechanisms underlying
multi-territorial atherosclerosis expression. sCD40L may be a promising noninvasive tool for refining
the stratification of the systemic atherosclerotic burden.

Keywords: atherosclerosis; carotid artery disease; coronary artery disease; inflammation; lower extremity
arterial disease; soluble CD40 ligand

1. Introduction

Little is known on the mechanisms that regulate the atherosclerosis extent to single
or multiple arterial beds [1,2]. Specifically, it is not completely understood why some
patients develop isolated coronary artery disease (CAD), while others develop a more
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systemic disease involving coronary and extra-coronary lesions [1,2]. Inflammation regu-
lates atherogenesis and could partially explain the heterogeneity of stable atherosclerosis
presentation [3]. The importance of identifying inflammatory mediators associated with
stable atherosclerosis expression is recognized not only for better understanding of the
pathophysiology, but also for clinical practice since they may potentially be used as diag-
nostic biomarkers and therapeutic targets [4]. In fact, the study on inflammation recently
regained interest after the groundbreaking results of a pure anti-inflammatory agent in
patients with atherosclerosis, in the Canakinumab Antiinflammatory Thrombosis Outcome
Study [4].

The soluble CD40 ligand (sCD40L) is a proinflammatory mediator that has a mech-
anism of action distinct from other inflammatory mediators [5–8]. It is released into
circulation mainly by activated platelets and interacts with different cells that participate in
vascular inflammation and atherogenesis, including endothelial cells, macrophages, and T
cells [5–8]. Furthermore, sCD40L is associated with vascular function [9,10]. Previous stud-
ies reported increased sCD40L levels in stable atherosclerosis of single territories, including
the coronary [11–13], lower extremity (LE) [14–16], and carotid [17–19] vascular beds. To
the best of our knowledge, there is no published prospective data on a potential association
between sCD40L and disease extent to single or multiple arterial territories. Polyvascular
atherosclerosis warrants special attention not only because it may have a different patho-
physiology from that of single-vascular atherosclerosis, but also because it is frequent
in clinical practice and associated with a higher risk of ischemic events [20–22]. On the
other hand, the sCD40L levels were reported to be associated with CAD severity [12,13],
whereas data on the sCD40L expression according to extra-coronary atherosclerosis severity
is very scarce [23,24].

This pilot study aimed to explore whether the serum sCD40L levels are associated
with the extent of stable atherosclerosis to single (coronary) or multiple (coronary and
extra-coronary) arterial territories and with the atherosclerosis severity in extra-coronary
territories. We hypothesized that the sCD40L levels differ according to the systemic extent
of atherosclerosis, specifically in isolated CAD and polyvascular atherosclerosis, and the
severity of atherosclerosis in different territories.

2. Materials and Methods

This study is a part of a project aimed at assessing the mechanisms underlying stable
atherosclerosis expression in single (coronary) and multiple (coronary plus LE and/or
carotid) arterial territories. The study protocol was approved by the ethics committees
of the involved institutions (NOVA Medical School, Faculdade de Ciências Médicas, Uni-
versidade NOVA de Lisboa, Nr. 000176, in 11 November 2015, and Centro Hospitalar
Universitário de Lisboa Central, Nr. 245/2015, in 1 October 2015). The investigation
conformed to the principles outlined in the Declaration of Helsinki. All participants signed
informed consent forms for inclusion before they participated in the study.

2.1. Recruitment of Participants

For assessing the sCD40L expression in atherosclerosis of single and multiple vas-
cular beds, we prospectively recruited five groups of age- and sex-matched participants
followed in our center: controls, with no coronary, LE, or carotid atherosclerosis; group 1,
with isolated CAD; group 2, with coronary and LE atherosclerosis; group 3, with coro-
nary and carotid atherosclerosis; and group 4, with atherosclerosis of the three territories.
All participants were screened for obstructive atherosclerotic disease in the three territories.
CAD was excluded in controls if they presented no effort angina; no evidence of CAD
on coronary computed tomography angiography, including a calcium score of 0 and no
soft plaques; and no positive myocardial stress test (the latter was not mandated to be
assessed as per protocol). In other participants, CAD was defined as luminal stenosis of at
least 50% for the left main artery or at least 70% for other epicardial vessels on invasive
coronary angiography. LE arterial disease was defined as a significant (≥50%) stenosis
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on Doppler ultrasound (DUS) at rest [25,26] or the combination of chronic claudication
and an ankle–brachial index equal to or less than 0.9 [26,27]. DUS was performed for the
characterization of LE arterial disease. LE arterial disease was excluded in the case of
no significant (≥50%) stenosis on DUS or in the case of absent chronic claudication and
an ankle–brachial index higher than 0.9 [26,27]. Carotid artery disease was defined as
stenosis of at least 50% on DUS and was excluded in the absence of any significant (≥50%)
stenosis [26,27]. The mean and maximal intima–media thickness (IMT) were measured as
previously described in individuals without overt arterial injury (in case of no significant
carotid artery stenosis) [28]. All DUS studies of the LE and carotid arteries were performed
according to a standardized protocol, using the GE Logiq S7 Expert Ultrasound System,
and measurements were performed while following published guidelines [26,27,29].

The exclusion criteria were as follows: patients with acute ischemic events within
12 months, either coronary, LE, or cerebrovascular events; those with coronary artery by-
pass grafting (CABG) or LE bypass surgery performed within 12 months; those with prior
carotid endarterectomy or prior percutaneous intervention of the coronary, LE, or carotid
arteries; those with critical limb ischemia (with ischemic rest pain), heart failure, hemo-
dynamically significant valvular heart disease, hematological disorders, active infection,
history of malignancy, chronic kidney disease (stage 4 or 5), or severe hepatic dysfunction;
those under 18 years of age; or those unable or unwilling to consent to study participa-
tion. If performed at least 12 months before inclusion, prior CABG and/or LE bypass
surgery were not exclusion criteria since the presence and extent of atherosclerotic lesions,
which were the focus of this study, are not modified by the surgical placement of bypass
conduits [26,30].

2.2. Sample Size

No previous studies reported data on the sCD40L levels in both single- and multi-
territorial atherosclerosis with the systematic assessment of different territories,
which would be valuable for supporting the sample size estimation in our study. In this
pilot study, we planned to recruit at least 20 controls, 20 patients with isolated CAD (group
1), and 40 patients with coronary and extra-coronary atherosclerosis (groups 2 to 4), in-
cluding at least 10 patients per group in groups 2 to 4. The recruitment of participants for
each group continued even after meeting the minimum number of participants until the
minimum sample size was achieved for all groups.

2.3. Data Collection

Data were collected prospectively after patient inclusion. A standardized record of
clinical, demographic, laboratory, echocardiographic, DUS, computed tomography angiog-
raphy, and invasive coronary angiography data was obtained from each participant. For
evaluating the severity of LE disease, the number of arterial segments with obstructive dis-
ease on both sides was assessed, including the external iliac, common femoral, superficial
femoral, popliteal, anterior tibial, posterior tibial, and fibular arteries [25,26,31]. The LE
lesions were classified as proximal if they were located in the popliteal artery or above or
distal if they were located below [26].

2.4. Blood Sampling and sCD40L Measurements

Peripheral blood was collected early in the morning under fasting conditions.
Serum was separated by centrifugation (500× g for 10 min) within 15 min of sampling.
Aliquots were stored at −80 ◦C; samples were thawed only once. The sCD40L levels were
measured in serum by an enzyme-linked immunosorbent assay commercial kit (R&D
Systems, Minneapolis, MN, USA). Each sample was measured in duplicate. The intra-assay
variation among the duplicates for all samples was less than 10%.
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2.5. Statistical Analysis

Discrete variables are presented as frequency (percentage); continuous variables are
presented as mean (standard deviation) in normally distributed data or median (interquar-
tile range) in variables without a normal distribution (Shapiro–Wilk test). Categorical
variables were analyzed using the chi-square or Fisher’s exact tests. Continuous vari-
ables were analyzed using Student’s t-test or the Mann–Whitney test when normality was
not verified. Comparisons between multiple groups were performed using the analysis
of variance (ANOVA) in normally distributed data and Kruskal–Wallis test in variables
without a normal distribution; the Bonferroni post hoc correction was used for multiple
pairwise comparisons. Pearson’s correlation was used to test correlations between con-
tinuous variables. The multivariate linear regression analysis was performed to identify
the independent predictors of the sCD40L levels, among all available data. Outliers were
excluded, as appropriate [32]. Considering the association between prior CABG or LE
bypass surgery and lower sCD40L levels in our sample, we performed a post hoc analysis
to explore whether the sCD40L levels varied with the atherosclerosis extent to single or
multiple arterial territories and with the atherosclerosis severity in extra-coronary territo-
ries, excluding patients with prior revascularization. The level of significance considered
was α = 0.05. Analyses were conducted using the SPSS software, version 26 (IBM).

3. Results
3.1. Clinical Characteristics, Laboratory Results, and Atherosclerosis Data of Participants

A total of 94 participants were included: 26 controls, 20 with isolated CAD (group 1),
18 with coronary and LE disease (group 2), 12 with coronary and carotid disease (group 3),
and 18 with disease of the three territories (group 4). Clinical characteristics, laboratory
results, and atherosclerosis data of participants are presented in Table 1. The differences in
clinical characteristics and laboratory data across groups were driven by controls, where
hypertension, dyslipidemia, diabetes mellitus, smoking history, and the use of antiplatelet
and statin therapy were less prevalent; the neutrophil count, neutrophil/lymphocyte ratio,
and creatinine levels were lower; and the high-density lipoprotein cholesterol levels were
higher than those in patients with atherosclerosis. The distribution of these parameters did
not differ across groups 1 to 4.

Regarding atherosclerosis data, the distribution of CAD parameters did not differ
significantly across groups 1 to 4, including the number of vessels with obstructive disease,
number of obstructive lesions, Gensini score, or rates of prior CABG.

Among patients with LE atherosclerosis (groups 2 and 4), group 4 showed a higher
prevalence of bilateral LE disease and higher number of LE arterial segments with obstruc-
tive disease. The presence of proximal LE lesions and rates of prior LE bypass surgery did
not differ between groups 2 and 4, although the revascularization rates were nonsignifi-
cantly higher in the latter (11.1% vs. 33.3%, respectively, p = 0.109).

Regarding patients with carotid artery disease (groups 3 and 4), there were no dif-
ferences between the two groups regarding the rates of bilateral carotid artery disease.
The maximal and mean IMT did not differ across controls and groups 1 and 2.
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Table 1. Characteristics of the participants according to the involved territories of atherosclerosis.

Controls Group 1 Group 2 Group 3 Group 4 p-Value

Territories of atherosclerosis None Coronary Coronary + LE Coronary + Carotid Coronary + LE + Carotid
n 26 20 18 12 18

Clinical characteristics
Age, years 59 (53–69) 65 (56–70) 67 (57–72) 59 (51–73) 69 (60–75) 0.079
Male, n (%) 23 (88.5) 18 (90.0) 16 (88.9) 10 (83.3) 17 (94.4) 0.912

Hypertension, n (%) 14 (53.8) 17 (85.0) 1 18 (100.0) 1 11 (91.7) 1 18 (100.0) 1 <0.001
Dyslipidemia, n (%) 18 (69.2) 19 (95.0) 1 18 (100.0) 1 11 (91.7) 17 (94.4) 1 0.010

Diabetes mellitus, n (%) 3 (11.5) 6 (30.0) 8 (44.4) 1 6 (50.0) 1 9 (50.0) 1 0.036
Smoking history, n (%) 6 (23.1) 9 (45.0) 12 (66.7) 1 4 (33.3) 12 (66.7) 1 0.014

LVEF > 50%, n (%) 26 (100.0) 20 (100.0) 18 (100.0) 12 (100.0) 18 (100.0) –
Antiplatelet agent, n (%) 6 (23.1) 20 (100.0) 1 17 (94.4) 1 11 (91.7) 1 18 (100) 1 <0.001

Statin therapy, n (%) 13 (50.0) 18 (90.0) 1 16 (94.1) 1 11 (91.7) 1 16 (88.9) 1 0.001

Laboratory parameters
Hemoglobin, g/dL 13.9 (12.9–15.0) 14.53 (10.0–15.1) 14.1 (13.2–14.6) 12.0 (11.4–13.4) 2 12.9 (12.1–14.2) 0.017

Leukocyte count, 109/L 6.4 (1.7) 7.4 (1.9) 7.3 (1.7) 7.5 (2.2) 8.1 (1.7) 0.080
Neutrophil count, 109/L 3.2 (2.5–4.8) 4.1 (3.4–5.2) 3.9 (3.4–4.8) 4.0 (3.4–6.7) 4.7 (3.6–6.0) 1 0.043

Lymphocyte count, 109/L 1.9 (1.7–2.2) 2.1 (1.6–2.4) 2.1 (1.6–2.8) 1.7 (1.2–2.3) 2.2 (1.6–2.6) 0.401
Neutrophil/lymphocyte ratio 1.9 (0.7) 2.3 (1.1) 2.1 (1.0) 2.9 (1.1) 1 2.4 (1.0) 0.026

Platelet count, 109/L 242 (191–274) 209 (176–269) 219 (195–264) 229 (137–251) 227 (203–263) 0.854
Fasting glycaemia, mg/dL 89 (80–98) 94 (86–129) 94 (83–125) 99 (84–157) 85 (75–123) 0.385

Percentage of glycosylated hemoglobin 5.6 (5.2–5.9) 5.9 (5.6–6.7) 5.9 (5.5–6.1) 5.8 (5.4–7.4) 5.9 (5.3–7.7) 0.185
Creatinine, mg/dL 0.8 (0.7–0.9) 0.9 (0.8–1.1) 0.8 (0.8–1.2) 0.9 (0.8–1.4) 1.1 (0.9–1.5) 1 0.002

Total cholesterol, mg/dL 186 (51) 164 (38) 172 (50) 153 (50) 173 (49) 0.329
LDL-cholesterol, mg/dL 99 (77–141) 95.0 (71–120) 106 (83–120) 65 (56–132) 117 (82–142) 0.297
HDL-cholesterol, mg/dL 51 (44–58) 35.0 (31–41) 1 35 (31–45) 1 40 (27–44) 1 40 (32–42) 1 <0.001

Triglycerides, mg/dL 106 (67–144) 142 (98–206) 115 (83–204) 100 (62–177) 117 (95–171) 0.423
C-reactive protein, mg/L 4.1 (2.0) 3.7 (1.4) 3.8 (1.1) 4.1 (2.3) 3.3 (2.0) 0.151

Coronary artery disease
Nr. of vessels with obstructive disease * 0 (0–0) 3 (2–3) 1 3 (2–4) 1 3 (3–3) 1 3 (2–4) 1 <0.001

Nr. of obstructive lesions 0 (0–0) 4 (2–5) 1 4 (3–5) 1 4 (3–5) 1 4 (3–5) 1 <0.001
Gensini score 0 (0–0) 81 (41–97) 1 83 (42–118) 1 48 (40–116) 1 43 (36–87) 1 <0.001

Prior CABG, n (%) 0 (0.0) 7 (35.0) 1 7 (38.9) 1 6 (50.0) 1 3 (16.7) 1 0.002
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Table 1. Cont.

Controls Group 1 Group 2 Group 3 Group 4 p-Value

LE arterial disease
Bilateral disease, n (%) 0 (0.0) 0 (0.0) 10 (55.5) 1,2,4,5 0 (0.0) 15 (83.3) 1–4 <0.001

Any proximal lesion, n (%) 0 (0.0) 0 (0.0) 10 (55.5) 1,2,4 0 (0.0) 12 (66.7) 1,2,4 <0.001
Nr. of segments with obstructive

disease 0 (0–0) 0 (0–0) 2 (1–4) 1,2,4,5 0 (0–0) 4 (3–5) 1–4 <0.001

Prior bypass surgery, n (%) 0 (0.0) 0 (0.0) 2 (11.1) 1,2,4 0 (0.0) 6 (33.3) 1,2,4 <0.001

Carotid artery disease
Bilateral disease, n (%) 0 (0.0) 0 (0.0) 0 (0.0) 3 (25.0) 1–3 8 (44.4) 1–3 <0.001

Mean IMT, mm 0.68 (0.11) 0.67 (0.14) 0.76 (0.06) - - 0.296
Maximal IMT, mm 0.80 (0.13) 0.86 (0.18) 0.94 (0.09) - - 0.105

Categorical variables are expressed as frequency (percentage) and continuous variables as mean (standard deviation) or median (interquartile range). CABG—coronary artery bypass grafting; HDL—high-density
lipoproteins; IMT—intima–media thickness; LDL—low-density lipoproteins; LE—lower extremity; LVEF—left ventricular ejection fraction; Nr.—number. 1 p-Value < 0.05 vs. controls; 2 p-Value < 0.05 vs. group 1;
3 p-Value < 0.05 vs. group 2; 4 p-Value < 0.05 vs. group 3; 5 p-Value < 0.05 vs. group 4; * for the assessment of the number of vessels with obstructive disease, the left main, left anterior descending, circumflex,
and right coronary arteries were considered separately, with a total score ranging from 0 to 4.
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3.2. Variation of the sCD40L Levels According to the Systemic Extent of Atherosclerosis

The sCD40L levels differed across groups (ANOVA p = 0.012) (Figure 1a). Patients
from groups 1 (isolated CAD) and 2 (coronary and LE disease) showed significantly higher
sCD40L levels than controls, and those from groups 3 (coronary and carotid disease) and 4
(disease of the three territories) showed nonsignificantly higher sCD40L levels than controls.
Excluding patients with prior CABG and/or LE bypass surgery, the sCD40L levels were
significantly higher in patients from group 2 (coronary and LE disease) compared with
those in patients from group 1 (isolated CAD) (Figure 1b).

Figure 1. Soluble CD40 ligand levels according to the presence of atherosclerosis in different arterial territories. (a) in the
whole sample, and (b) excluding patients with prior revascularization of the coronary and/or lower extremity arterial
territories. Soluble CD40 ligand values are expressed as mean (standard deviation). sCD40L—soluble CD40 ligand.
* p-Value < 0.05 vs. controls; ¥ p-Value < 0.05 vs. isolated coronary artery disease.

3.3. Variation of the sCD40L Levels According to the Severity of Atherosclerosis in
Extra-Coronary Territories

For the LE disease, no significant correlation was found between the sCD40L levels
and number of arterial segments with obstructive disease (r = 0.157, p = 0.147). However,
a weak positive correlation between the sCD40L levels and number of arterial segments
with obstructive disease was observed excluding patients with prior LE bypass surgery
(r = 0.238, p = 0.034) and those with prior CABG and/or LE bypass surgery (r = 0.281,
p = 0.027). The median number of LE segments with obstructive disease was 3 (interquartile
range 2–5); classifying patients with LE disease according to the median number of diseased
segments, the sCD40L levels were significantly higher in patients with three or more LE
diseased segments, but not in patients with less than three, compared with those with
no LE disease (Figure 2). sCD40L did not differ according to the presence of bilateral or
proximal LE disease (Supplementary Materials, Table S1).
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Figure 2. Soluble CD40 ligand levels according to the number of segments of the lower extremity with
obstructive disease in patients without prior lower extremity bypass surgery. Soluble CD40 ligand
values are expressed as median (interquartile range). sCD40L—soluble CD40 ligand. * p-Value < 0.05
vs. no segments with obstructive disease.

Of note, among patients with LE disease, prior LE bypass surgery was associated with
lower sCD40L levels (Figure 3). The median time elapsed from LE bypass surgery was
4 years (interquartile range 2–9 years) (Supplementary Materials, Table S2). There were no
differences between patients with and without prior LE bypass surgery regarding clinical
characteristics, other laboratory data, CAD severity, rates of prior CABG, or proportion of
bilateral or of proximal LE disease; there was a trend for a higher number of LE diseased
segments in patients with prior LE bypass surgery (Supplementary Materials, Table S2).

Figure 3. Soluble CD40 ligand levels in patients with lower extremity atherosclerosis with and
without prior lower extremity bypass surgery. Soluble CD40 ligand values are expressed as mean
(standard deviation). sCD40L—soluble CD40 ligand.
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For carotid artery disease, the sCD40L levels showed no association with the presence
of bilateral disease and no correlation with the mean or maximal IMT (Supplementary
Materials, Table S1). Furthermore, no associations were found after excluding patients with
prior CABG and/or LE bypass surgery (data not shown).

3.4. Predictors of the sCD40L Levels

A detailed univariate analysis on parameters associated with the sCD40L levels is
presented in Table S1 (Supplementary Materials) and a stratified analysis by study group
is presented in Table S3 (Supplementary Materials). In the multivariate linear regression
analysis, the independent predictors of the sCD40L levels were coexistent coronary and LE
obstructive atherosclerosis, prior CABG, and leukocyte count (Table 2).

Table 2. Independent predictors of the soluble CD40 ligand levels by multivariate linear regres-
sion analysis.

Predictors β 95% CI p-Value

Coexistent coronary and lower extremity
atherosclerosis 2.512 1.054 to 3.970 0.001

Prior coronary artery bypass grafting −1.758 −3.159 to −0.357 0.015
Leukocyte count 0.417 0.102 to 0.732 0.010

95% CI—95% confidence interval.

4. Discussion

In this prospective case–control study, three main findings stood out: the sCD40L
levels varied according to the systemic extent of atherosclerosis to single or multiple arterial
territories, the sCD40L levels were associated with the extent of atherosclerosis in the LE
territory, and prior LE bypass surgery was associated with lower sCD40L levels among
patients with LE atherosclerosis.

To the best of our knowledge, we present the first prospective study assessing sCD40L
expression in single- and polyvascular atherosclerotic disease, including three major terri-
tories of atherosclerosis. sCD40L increased from controls to patients with isolated CAD
and further to patients with combined CAD and LE disease (excluding those with prior
revascularization). Investigation addressing inflammation in polyvascular atherosclero-
sis is relevant since it may have a distinct pathophysiology from that of single-vascular
atherosclerosis and is a common clinical scenario associated with a higher risk morbidity
and mortality [20–22]. Some inflammatory parameters have been associated with the
presence of atherosclerosis in specific arterial territories and with atherosclerosis sever-
ity within each territory. However, data on the inflammatory signature in single- and
multi-territorial atherosclerosis, with a prospective and systematic assessment of different
territories, including the coronary, LE, and carotid artery territories, are very scarce [33].
Specifically, for sCD40L, which has a distinct mechanism of action compared with other
inflammatory markers [5–8], such data are not available. Two studies reporting on the
sCD40L levels in patients with stable atherosclerosis included a subgroup with polyvascu-
lar atherosclerosis but the sCD40L levels were not specifically reported in patients with
single- and polyvascular disease [34,35]. In a study on patients with LE atherosclerosis,
the sCD40L levels were specifically reported in a subgroup with coexistent CAD; however,
not all patients with LE atherosclerosis were screened for CAD in this retrospective study,
which limits the interpretation of the results [23]. In our study, the higher sCD40L levels in
atherosclerosis of multiple (coronary and LE) territories suggest that sCD40L is a common
denominator of the atherosclerosis expression.

The sCD40L levels were higher in combined CAD and LE atherosclerosis, but not in
combined CAD and carotid artery disease, compared with CAD alone. We speculate that
the regulation of the sCD40L levels may be mainly associated with the presence of CAD and
the coexistence of carotid artery disease may not impact further on the sCD40L levels, on
the contrary to LE disease. The local expression of inflammatory markers differs in carotid
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and femoral atherosclerotic plaques [36], and the stimulated LE iliac arteries may express
more intensively CD40L in situ than the stimulated carotid arteries [37]. On the other hand,
obstructive atherosclerosis of the LE could result in a higher degree of oxidative stress and
inflammation compared with carotid artery disease considering the highly demanding
LE muscles during physical effort and bilateral carotid blood supply to the cerebral terri-
tory [38]. For instance, the expression of miR-210, an adaptive microRNA to oxidative stress
and inflammation, is altered in the presence of LE atherosclerosis but not in carotid artery
disease [38]. This could explain the higher levels of the proinflammatory sCD40L in the
presence of LE atherosclerosis compared with carotid atherosclerosis, in patients with CAD.
Of note, the sCD40L levels were nonsignificantly higher in group 4 (atherosclerosis of the
three arterial territories) compared with controls, corresponding to a trend consistent with
the results of increased sCD40L levels in group 2 (atherosclerosis of the coronary and LE
territories) compared with controls. On the other hand, group 4 presented similar sCD40L
levels compared with group 1 (CAD alone). This finding is difficult to explain based on the
extensive post hoc analysis performed. Nevertheless, group 4 presented a slightly better
metabolic control compared with group 2, as reflected by nonsignificant lower fasting
glycemia levels, higher HDL levels (which inhibit platelet activity through scavenger re-
ceptor B type I), and lower serum triglyceride levels, which may have contributed to lower
sCD40L levels in group 4 [39–43]. We acknowledge that possible unmeasured confounders
may have contributed to lower sCD40L levels in group 4.

The second main finding of this study was the association between the sCD40L levels
and atherosclerosis extent within the LE territory. These results are consistent with the very
few studies describing the sCD40L levels according to the severity of LE disease, assessed
by the lesion length [23] or by an angiographic score based on the degree of luminal stenosis
in each arterial segment [31]. For the carotid arteries, the association between the sCD40L
levels and atherosclerosis severity is less well established [24].

Third, we observed that the sCD40L levels were lower in patients with prior LE
bypass surgery. To our knowledge, this finding has not been reported. We speculate that
the association between the proinflammatory sCD40L and atherosclerosis is bidirectional,
with inflammation contributing to atherogenesis, as demonstrated in animal models [44],
and with ischemia driven by atherosclerosis exacerbating inflammation [35]. In our sample,
prior revascularization may have reduced ischemia, without modifying atherosclerosis
burden of native arteries (since no endarterectomy was performed), which in turn may
have reduced the release of reactive oxygen species, cytokines, and other inflammatory
mediators, including sCD40L [26,45]. Consistently, the sCD40L levels were lower in pa-
tients with prior CABG compared with those without, among patients with CAD in this
sample [12]. Immediately after CABG and LE surgical revascularization, an increase in
the sCD40L levels has been reported, probably related to the surgical procedure [46,47].
The lower levels of sCD40L that we observed in the long term after LE revascularization
is a novel finding, which may add to the knowledge on the pathophysiology of revas-
cularization procedures and inflammation in stable atherosclerosis. Of note, although
the number of participants with prior LE bypass surgery was small, this was a post hoc,
hypothesis-generating analysis. Further studies are needed to confirm this hypothesis.

Finally, in the multivariate analysis, coexistent coronary and LE atherosclerosis and
higher leukocyte count were independently associated with increased sCD40L levels, while
prior CABG was associated with lower sCD40L levels. These data add consistency to the
results and confirm the independent association between inflammation, disease extent,
and ischemic burden.

This study has strengths that should be acknowledged. To our knowledge, we describe
for the first time the variation of the sCD40L expression according to single- and multi-
territorial atherosclerosis, including coronary, LE, and carotid atherosclerosis. The prospec-
tive nature of the study, the systematic screening of the three arterial territories and,
importantly, the multivariate analysis carried out have contributed to higher consistency of
our findings. In addition, analyses on the severity/extent of atherosclerosis in different
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territories added further consistency to the results. Finally, to the best of our knowledge,
the association between prior LE surgical revascularization and lower sCD40L levels has
not been reported.

Our study has some limitations. The sample may be of limited size; however, this study
is pioneer in investigating the variation of sCD40L in single- and multi-territorial disease,
and no data were available to support the sample size estimation. In this exploratory
pilot study, the sample size was enough to detect differences in the sCD40L levels in
atherosclerosis of single and multiple territories. On the other hand, as this is a single-
center study, the results may not be applicable to different settings.

5. Conclusions

The sCD40L levels were higher in patients with atherosclerosis, particularly in those
with polyvascular disease involving CAD and LE disease. The sCD40L levels increased
with higher severity of LE atherosclerosis, assessed by the number of diseased segments,
whereas prior LE surgical revascularization was associated with lower sCD40L levels.
Our results provide insights into the pathophysiology of polyvascular atherosclerosis.
In addition, sCD40L seems to be a promising noninvasive tool for refining the stratification
of the systemic atherosclerotic burden and therefore could contribute to the tailoring of the
primary prevention strategies. These fields deserve future research.
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laboratory results, and atherosclerosis data, Table S2: Characteristics of patients with lower extremity
atherosclerosis with and without prior lower extremity bypass surgery, Table S3: Association of
soluble CD40 ligand levels with clinical characteristics and laboratory results, stratified by the study
group.

Author Contributions: Conceptualization, T.P.-d.-S., P.N. and M.M.C.; methodology, P.N. and T.P.;
validation, P.N. and T.P.; formal analysis, T.P.-d.-S. and P.N.; investigation, T.P.-d.-S., P.N., T.P.,
M.S. and F.S.; resources, M.S. and F.S.; data curation, T.P.-d.-S., M.S. and F.S.; writing—original draft
preparation, T.P.-d.-S. and P.N.; writing—review and editing, T.P.-d.-S., P.N., T.P., M.S., F.S., R.C.F. and
M.M.C.; visualization, T.P.-d.-S.; supervision, P.N., R.C.F. and M.M.C.; project administration, P.N. and
M.M.C.; funding acquisition, T.P. All authors have read and agreed to the published version of
the manuscript.

Funding: T.P. has received research support from Fundação para a Ciência e Tecnologia, Portu-
gal [Project UID/BIO/04565/2020], and Programa Operacional Regional de Lisboa 2020 [Project
N. 007317].

Institutional Review Board Statement: The study was conducted according to the guidelines of
the Declaration of Helsinki, and approved by the ethics committees of the involved institutions
(NOVA Medical School, Faculdade de Ciências Médicas, Universidade NOVA de Lisboa, Nr. 000176,
in 11 November 2015, and Centro Hospitalar Universitário de Lisboa Central, Nr. 245/2015,
in 1 October 2015).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: The data presented in this study are available on request from the
corresponding author. The data are not publicly available due to personal data protection.

Acknowledgments: This study is part of the PhD thesis program of one of the authors (T.P.-d.-S.),
supervised (M.M.C.) and co-supervised (P.N.) by other two, conducted in NOVA Medical School,
Faculdade de Ciências Médicas, Universidade NOVA de Lisboa, Lisbon, Portugal. The authors are
grateful to Joana Castro from Medinres—Medical Information and Research, for her advice in the
statistical analysis.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Rothwell, P.M. The Interrelation between carotid, femoral and coronary artery disease. Eur. Heart J. 2001, 22, 11–14. [CrossRef]
2. Nichols, M.; Townsend, N.; Scarborough, P.; Rayner, M. Cardiovascular disease in Europe 2014: Epidemiological update.

Eur. Heart J. 2014, 35, 2929. [CrossRef]

https://www.mdpi.com/1010-660X/57/1/39/s1
https://www.mdpi.com/1010-660X/57/1/39/s1
http://doi.org/10.1053/euhj.2000.2226
http://doi.org/10.1093/eurheartj/ehu299


Medicina 2021, 57, 39 12 of 13

3. Hansson, G.K. Inflammation, atherosclerosis, and coronary artery disease. N. Engl. J. Med. 2005, 352, 1685–1695. [CrossRef]
4. Ridker, P.M.; Everett, B.M.; Thuren, T.; MacFadyen, J.G.; Chang, W.H.; Ballantyne, C.; Fonseca, F.; Nicolau, J.; Koenig, W.;

Anker, S.D.; et al. Antiinflammatory Therapy with Canakinumab for Atherosclerotic Disease. N. Engl. J. Med. 2017, 377, 1119–1131.
[CrossRef]

5. André, P.; Nannizzi-Alaimo, L.; Prasad, S.K.; Phillips, D.R. Platelet-derived CD40L: The switch-hitting player of cardiovascular
disease. Circulation 2002, 106, 896–899. [CrossRef] [PubMed]

6. Antoniades, C.; Bakogiannis, C.; Tousoulis, D.; Antonopoulos, A.S.; Stefanadis, C. The CD40/CD40 ligand system: Linking in-
flammation with atherothrombosis. J. Am. Coll. Cardiol. 2009, 54, 669–677. [CrossRef] [PubMed]

7. Elgueta, R.; Benson, M.J.; de Vries, V.C.; Wasiuk, A.; Guo, Y.; Noelle, R.J. Molecular mechanism and function of CD40/CD40L
engagement in the immune system. Immunol. Rev. 2009, 229, 152–172. [CrossRef] [PubMed]

8. Aloui, C.; Prigent, A.; Sut, C.; Tariket, S.; Hamzeh-Cognasse, H.; Pozzetto, B.; Richard, Y.; Cognasse, F.; Laradi, S.; Garraud, O.
The signaling role of CD40 ligand in platelet biology and in platelet component transfusion. Int. J. Mol. Sci. 2014, 15, 22342–22364.
[CrossRef]

9. Napoleão, P.; Monteiro, M.O.C.; Cabral, L.B.; Criado, M.B.; Ramos, C.; Selas, M.; Viegas-Crespo, A.M.; Saldanha, C.; Carmo, M.M.;
Ferreira, R.C.; et al. Changes of soluble CD40 ligand in the progression of acute myocardial infarction associate to endothelial
nitric oxide synthase polymorphisms and vascular endothelial growth factor but not to platelet CD62P expression. Transl. Res.
2015, 166, 650–659. [CrossRef]

10. Napoleão, P.; Cabral, L.B.; Selas, M.; Freixo, C.; Monteiro, M.O.C.; Criado, M.B.; Costa, M.C.; Enguita, F.J.; Viegas-Crespo, A.M.;
Saldanha, C.; et al. Stratification of ST-elevation myocardial infarction patients based on soluble CD40L longitudinal changes.
Transl. Res. 2016, 176, 95–104. [CrossRef]

11. Tousoulis, D.; Antoniades, C.; Nikolopoulou, A.; Koniari, K.; Vasiliadou, C.; Marinou, K.; Koumallos, N.; Papageorgiou, N.;
Stefanadi, E.; Siasos, G.; et al. Interaction between cytokines and sCD40L in patients with stable and unstable coronary syndromes.
Eur. J. Clin. Investig. 2007, 37, 623–628. [CrossRef]

12. Pereira-da-Silva, T.; Napoleao, P.; Pinheiro, T.; Selas, M.; Silva, F.; Ferreira, R.C.; Carmo, M.M. Inflammation is associated with
the presence and severity of chronic coronary syndrome through soluble CD40 ligand. Am. J. Cardiovasc. Dis. 2020, 10, 329–339.
[PubMed]

13. Liang, Y.; Yang, C.; Zhou, Q.; Pan, W.; Zhong, W.; Ding, R.; Wang, A. Serum Monokine Induced by Gamma Interferon Is
Associated With Severity of Coronary Artery Disease. Int. Heart J. 2017, 58, 24–29. [CrossRef] [PubMed]

14. Blann, A.D.; Tan, K.T.; Tayebjee, M.H.; Davagnanam, I.; Moss, M.; Lip, G.Y. Soluble CD40L in peripheral artery disease.
Relationship with disease severity, platelet markers and the effects of angioplasty. Thromb. Haemost. 2005, 93, 578–583. [CrossRef]
[PubMed]

15. Hsieh, C.J.; Wang, P.W. Effect of cilostazol treatment on adiponectin and soluble CD40 ligand levels in diabetic patients with
peripheral arterial occlusion disease. Circ. J. 2009, 73, 948–954. [CrossRef] [PubMed]

16. Young, R.S.; Naseem, K.M.; Pasupathy, S.; Ahilathirunayagam, S.; Chaparala, R.P.; Homer-Vanniasinkam, S. Platelet membrane
CD154 and sCD154 in progressive peripheral arterial disease: A pilot study. Atherosclerosis 2007, 190, 452–458. [CrossRef]
[PubMed]

17. Enomoto, Y.; Adachi, S.; Matsushima-Nishiwaki, R.; Doi, T.; Niwa, M.; Akamatsu, S.; Tokuda, H.; Ogura, S.; Yoshimura, S.;
Iwama, T.; et al. Thromboxane A(2) promotes soluble CD40 ligand release from human platelets. Atherosclerosis 2010, 209, 415–421.
[CrossRef] [PubMed]

18. Wang, J.H.; Zhang, Y.W.; Zhang, P.; Deng, B.Q.; Ding, S.; Wang, Z.K.; Wu, T.; Wang, J. CD40 ligand as a potential biomarker for
atherosclerotic instability. Neurol. Res. 2013, 35, 693–700. [CrossRef] [PubMed]

19. Novo, S.; Basili, S.; Tantillo, R.; Falco, A.; Davì, V.; Novo, G.; Corrado, E.; Davì, G. Soluble CD40L and cardiovascular risk in
asymptomatic low-grade carotid stenosis. Stroke 2005, 36, 673–675. [CrossRef] [PubMed]

20. Hirsch, A.T.; Criqui, M.H.; Treat-Jacobson, D.; Regensteiner, J.G.; Creager, M.A.; Olin, J.W.; Krook, S.H.; Hunninghake, D.B.;
Comerota, A.J.; Walsh, M.E.; et al. Peripheral arterial disease detection, awareness, and treatment in primary care. JAMA
2001, 286, 1317–1324. [CrossRef]

21. Alberts, M.J.; Bhatt, D.L.; Mas, J.L.; Ohman, E.M.; Hirsch, A.T.; Röther, J.; Salette, G.; Goto, S.; Smith, S.C.; Liau, C.S.; et al. Three-
year follow-up and event rates in the international REduction of Atherothrombosis for Continued Health Registry. Eur. Heart J.
2009, 30, 2318–2326. [CrossRef] [PubMed]

22. Gutierrez, J.A.; Aday, A.W.; Patel, M.R.; Jones, W.S. Polyvascular Disease: Reappraisal of the Current Clinical Landscape.
Circ. Cardiovasc. Interv. 2019, 12, e007385. [CrossRef] [PubMed]

23. Lee, W.J.; Sheu, W.H.; Chen, Y.T.; Liu, T.J.; Liang, K.W.; Ting, C.T.; Lee, W.L. Circulating CD40 ligand is elevated only in patients
with more advanced symptomatic peripheral arterial diseases. Thromb. Res. 2006, 118, 619–626. [CrossRef] [PubMed]

24. Blake, G.J.; Ostfeld, R.J.; Yucel, E.K.; Varo, N.; Schönbeck, U.; Blake, M.A.; Gerhard, M.; Ridker, P.M.; Libby, P.; Lee, R.T.
Soluble CD40 ligand levels indicate lipid accumulation in carotid atheroma: An in vivo study with high-resolution MRI.
Arterioscler. Thromb. Vasc. Biol. 2003, 23, e11–e14. [CrossRef] [PubMed]

25. Hwang, J.Y. Doppler ultrasonography of the lower extremity arteries: Anatomy and scanning guidelines. Ultrasonography
2017, 36, 111–119. [CrossRef] [PubMed]

http://doi.org/10.1056/NEJMra043430
http://doi.org/10.1056/NEJMoa1707914
http://doi.org/10.1161/01.CIR.0000028962.04520.01
http://www.ncbi.nlm.nih.gov/pubmed/12186789
http://doi.org/10.1016/j.jacc.2009.03.076
http://www.ncbi.nlm.nih.gov/pubmed/19679244
http://doi.org/10.1111/j.1600-065X.2009.00782.x
http://www.ncbi.nlm.nih.gov/pubmed/19426221
http://doi.org/10.3390/ijms151222342
http://doi.org/10.1016/j.trsl.2015.07.006
http://doi.org/10.1016/j.trsl.2016.04.005
http://doi.org/10.1111/j.1365-2362.2007.01834.x
http://www.ncbi.nlm.nih.gov/pubmed/33224580
http://doi.org/10.1536/ihj.15-472
http://www.ncbi.nlm.nih.gov/pubmed/28100872
http://doi.org/10.1160/TH04-09-0586
http://www.ncbi.nlm.nih.gov/pubmed/15735813
http://doi.org/10.1253/circj.CJ-08-0905
http://www.ncbi.nlm.nih.gov/pubmed/19282610
http://doi.org/10.1016/j.atherosclerosis.2006.02.038
http://www.ncbi.nlm.nih.gov/pubmed/16777115
http://doi.org/10.1016/j.atherosclerosis.2009.10.024
http://www.ncbi.nlm.nih.gov/pubmed/19932480
http://doi.org/10.1179/1743132813Y.0000000190
http://www.ncbi.nlm.nih.gov/pubmed/23561892
http://doi.org/10.1161/01.STR.0000154878.58398.14
http://www.ncbi.nlm.nih.gov/pubmed/15677577
http://doi.org/10.1001/jama.286.11.1317
http://doi.org/10.1093/eurheartj/ehp355
http://www.ncbi.nlm.nih.gov/pubmed/19720633
http://doi.org/10.1161/CIRCINTERVENTIONS.119.007385
http://www.ncbi.nlm.nih.gov/pubmed/31833412
http://doi.org/10.1016/j.thromres.2005.10.012
http://www.ncbi.nlm.nih.gov/pubmed/16356539
http://doi.org/10.1161/01.ATV.0000050143.22910.62
http://www.ncbi.nlm.nih.gov/pubmed/12524242
http://doi.org/10.14366/usg.16054
http://www.ncbi.nlm.nih.gov/pubmed/28219004


Medicina 2021, 57, 39 13 of 13

26. Aboyans, V.; Ricco, J.B.; Bartelink, M.E.L.; Björck, M.; Brodmann, M.; Cohnert, T.; Collet, J.P.; Czerny, M.; De Carlo, M.; Debus, S.;
et al. Editor’s Choice—2017 ESC Guidelines on the Diagnosis and Treatment of Peripheral Arterial Diseases, in collaboration
with the European Society for Vascular Surgery (ESVS). Eur. J. Vasc. Endovasc. Surg. 2018, 55, 305–368. [CrossRef]

27. Collins, R.; Burch, J.; Cranny, G.; Aguiar-Ibáñez, R.; Craig, D.; Wright, K.; Berry, E.; Gough, M.; Kleijnen, J.; Westwood, M.
Duplex ultrasonography, magnetic resonance angiography, and computed tomography angiography for diagnosis and assessment
of symptomatic, lower limb peripheral arterial disease: Systematic review. BMJ 2007, 334, 1257. [CrossRef]

28. Stein, J.H.; Korcarz, C.E.; Hurst, R.T.; Lonn, E.; Kendall, C.B.; Mohler, E.R.; Najjar, S.S.; Rembold, C.M.; Post, W.S.; Force, A.S.
Use of carotid ultrasound to identify subclinical vascular disease and evaluate cardiovascular disease risk: A consensus statement
from the American Society of Echocardiography Carotid Intima-Media Thickness Task Force. Endorsed by the Society for
Vascular Medicine. J. Am. Soc. Echocardiogr. 2008, 21, 93–111. [CrossRef]

29. Mancia, G.; De Backer, G.; Dominiczak, A.; Cifkova, R.; Fagard, R.; Germano, G.; Grassi, G.; Heagerty, A.M.; Kjeldsen, S.E.;
Laurent, S.; et al. 2007 Guidelines for the management of arterial hypertension: The Task Force for the Management of Arterial
Hypertension of the European Society of Hypertension (ESH) and of the European Society of Cardiology (ESC). Eur. Heart J.
2007, 28, 1462–1536. [CrossRef]

30. Alexander, J.H.; Smith, P.K. Coronary-Artery Bypass Grafting. N. Engl. J. Med. 2016, 375, e22. [CrossRef]
31. Nylaende, M.; Kroese, A.; Stranden, E.; Morken, B.; Sandbaek, G.; Lindahl, A.K.; Arnesen, H.; Seljeflot, I. Markers of vascular

inflammation are associated with the extent of atherosclerosis assessed as angiographic score and treadmill walking distances in
patients with peripheral arterial occlusive disease. Vasc. Med. 2006, 11, 21–28. [CrossRef] [PubMed]

32. Field, A. (Ed.) Assessing the regression model I: Diagnostics. In Discovering Statistics Using SPSS for Windows; SAGE Publications:
London, UK, 2000; pp. 122–123.

33. Held, C.; White, H.D.; Stewart, R.A.H.; Budaj, A.; Cannon, C.P.; Hochman, J.S.; Koenig, W.; Siegbahn, A.; Steg, P.G.; Soffer, J.; et al.
Inflammatory Biomarkers Interleukin-6 and C-Reactive Protein and Outcomes in Stable Coronary Heart Disease: Experiences
From the STABILITY (Stabilization of Atherosclerotic Plaque by Initiation of Darapladib Therapy) Trial. J. Am. Heart Assoc.
2017, 6. [CrossRef] [PubMed]

34. Berger, J.S.; Ballantyne, C.M.; Davidson, M.H.; Johnson, J.L.; Tarka, E.A.; Lawrence, D.; Trivedi, T.; Zalewski, A.; Mohler, E.R.
Peripheral artery disease, biomarkers, and darapladib. Am. Heart J. 2011, 161, 972–978. [CrossRef] [PubMed]

35. Murabito, J.M.; Keyes, M.J.; Guo, C.Y.; Keaney, J.F.; Vasan, R.S.; D’Agostino, R.B.; Benjamin, E.J. Cross-sectional relations of multi-
ple inflammatory biomarkers to peripheral arterial disease: The Framingham Offspring Study. Atherosclerosis 2009, 203, 509–514.
[CrossRef]

36. Zhou, W.; Chai, H.; Ding, R.; Lam, H.Y. Distribution of inflammatory mediators in carotid and femoral plaques. J. Am. Coll. Surg.
2010, 211, 92–98. [CrossRef]

37. Pryshchep, O.; Ma-Krupa, W.; Younge, B.R.; Goronzy, J.J.; Weyand, C.M. Vessel-specific Toll-like receptor profiles in human
medium and large arteries. Circulation 2008, 118, 1276–1284. [CrossRef]

38. Pereira-da-Silva, T.; Coutinho Cruz, M.; Carrusca, C.; Cruz Ferreira, R.; Napoleão, P.; Mota Carmo, M. Circulating microRNA
profiles in different arterial territories of stable atherosclerotic disease: A systematic review. Am. J. Cardiovasc. Dis. 2018, 8, 1–13.

39. Jinchuan, Y.; Zonggui, W.; Jinming, C.; Li, L.; Xiantao, K. Upregulation of CD40–CD40 ligand system in patients with diabetes
mellitus. Clin. Chim. Acta 2004, 339, 85–90. [CrossRef]

40. Imachi, H.; Murao, K.; Cao, W.; Tada, S.; Taminato, T.; Wong, N.C.; Takahara, J.; Ishida, T. Expression of human scavenger receptor
B1 on and in human platelets. Arterioscler. Thromb. Vasc. Biol. 2003, 23, 898–904. [CrossRef]

41. Obradovic, S.; Djukanovic, N.; Todorovic, Z.; Markovic, I.; Zamaklar-Trifunovic, D.; Protic, D.; Ostojic, M. Men with lower HDL
cholesterol levels have significant increment of soluble CD40 ligand and high-sensitivity CRP levels following the cessation of
long-term clopidogrel therapy. J. Atheroscler. Thromb. 2015, 22, 284–292. [CrossRef]

42. Li, J.; Xu, J.; Zou, C.C.; Gu, J.A.; Gu, H.L. Association between CD40-CD40L system and obesity in children. Zhongguo Dang Dai
Er Ke Za Zhi 2020, 22, 251–256.

43. Kurteva, T.; Kinova, E.; Somleva, D.; Spasova, N.; Poroyliev, N.; Velikov, T.; Mourdjeva, M.; Goudev, A.R. The role of biomarkers
high sensitivity CRP, soluble CD40 ligand and endothelial dysfunction in patients with acute coronary syndrome. Sci. Math. Nat.
2013, 66, 1645–1652.

44. Mach, F.; Schönbeck, U.; Sukhova, G.K.; Atkinson, E.; Libby, P. Reduction of atherosclerosis in mice by inhibition of CD40
signalling. Nature 1998, 394, 200–203. [CrossRef] [PubMed]

45. Arató, E.; Jancsó, G.; Sínay, L.; Kürthy, M.; Lantos, J.; Ferencz, S.; Horváth, S.; Shafiei, M.; Kasza, G.; Verzár, Z.; et al. Reperfusion
injury and inflammatory responses following acute lower limb revascularization surgery. Clin. Hemorheol. Microcirc. 2008, 39,
79–85. [CrossRef] [PubMed]

46. Wang, L.; Li, Y.; Gong, X. Changes in inflammatory factors and prognosis of patients complicated with non-alcoholic fatty liver
disease undergoing coronary artery bypass grafting. Exp. Ther. Med. 2018, 15, 949–953. [CrossRef] [PubMed]

47. Polok, K.J.; Górka, J.; Fronczek, J.; Górka, K.; Kaczmarek, B.; Iwaniec, T.; Iwaszczuk, P.; Musiał, J.; Szczeklik, W. Impact of Arterial
Procedures on Coagulation and Fibrinolysis—A Pilot Study. Braz. J. Cardiovasc. Surg. 2019, 34, 327–334. [CrossRef]

http://doi.org/10.1016/j.ejvs.2017.07.018
http://doi.org/10.1136/bmj.39217.473275.55
http://doi.org/10.1016/j.echo.2007.11.011
http://doi.org/10.1097/HJH.0b013e3281fc975a
http://doi.org/10.1056/NEJMra1406944
http://doi.org/10.1191/1358863x06vm662oa
http://www.ncbi.nlm.nih.gov/pubmed/16669409
http://doi.org/10.1161/JAHA.116.005077
http://www.ncbi.nlm.nih.gov/pubmed/29066452
http://doi.org/10.1016/j.ahj.2011.01.017
http://www.ncbi.nlm.nih.gov/pubmed/21570531
http://doi.org/10.1016/j.atherosclerosis.2008.06.031
http://doi.org/10.1016/j.jamcollsurg.2010.02.054
http://doi.org/10.1161/CIRCULATIONAHA.108.789172
http://doi.org/10.1016/j.cccn.2003.09.007
http://doi.org/10.1161/01.ATV.0000067429.46333.7B
http://doi.org/10.5551/jat.26765
http://doi.org/10.1038/28204
http://www.ncbi.nlm.nih.gov/pubmed/9671306
http://doi.org/10.3233/CH-2008-1070
http://www.ncbi.nlm.nih.gov/pubmed/18503113
http://doi.org/10.3892/etm.2017.5476
http://www.ncbi.nlm.nih.gov/pubmed/29434690
http://doi.org/10.21470/1678-9741-2018-0238

	Introduction 
	Materials and Methods 
	Recruitment of Participants 
	Sample Size 
	Data Collection 
	Blood Sampling and sCD40L Measurements 
	Statistical Analysis 

	Results 
	Clinical Characteristics, Laboratory Results, and Atherosclerosis Data of Participants 
	Variation of the sCD40L Levels According to the Systemic Extent of Atherosclerosis 
	Variation of the sCD40L Levels According to the Severity of Atherosclerosis in Extra-Coronary Territories 
	Predictors of the sCD40L Levels 

	Discussion 
	Conclusions 
	References

