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Abstract: Background and Objectives: Inflammatory proteins and their prognostic value in patients
with carotid artery stenosis (CAS) have not been adequately studied. Herein, we identified CAS-
specific biomarkers from a large pool of inflammatory proteins and assessed the ability of these
biomarkers to predict adverse events in individuals with CAS. Materials and Methods: Samples of
blood were prospectively obtained from 336 individuals (290 with CAS and 46 without CAS). Plasma
concentrations of 29 inflammatory proteins were determined at recruitment, and the patients were
followed for 24 months. The outcome of interest was a major adverse cardiovascular event (MACE;
composite of stroke, myocardial infarction, or death). The differences in plasma protein concentrations
between patients with vs. without a 2-year MACE were determined using the independent t-test
or Mann–Whitney U test to identify CAS-specific prognostic biomarkers. Kaplan–Meier and Cox
proportional hazards analyses with adjustment for baseline demographic and clinical characteristics
were performed to assess the prognostic value of differentially expressed inflammatory proteins in
predicting a 2-year MACE in patients with CAS. Results: The mean age of the cohort was 68.8 (SD
10.2) years and 39% were female. The plasma concentrations of two inflammatory proteins were
significantly higher in individuals with a 2-year MACE relative to those without a 2-year MACE:
IL-6 (5.07 (SD 4.66) vs. 3.36 (SD 4.04) pg/mL, p = 0.03) and CD163 (233.825 (SD 230.306) vs. 159.673
(SD 175.669) pg/mL, p = 0.033). Over a follow-up period of 2 years, individuals with elevated levels
of IL-6 were more likely to develop MACE (HR 1.269 (95% CI 1.122–1.639), p = 0.042). Similarly,
over a 2-year period, patients with high levels of CD163 were more likely to develop MACE (HR
1.413 (95% CI 1.022–1.954), p = 0.036). Conclusions: The plasma levels of inflammatory proteins IL-6
and CD163 are independently associated with adverse outcomes in individuals with CAS. These
CAS-specific prognostic biomarkers may assist in the risk stratification of patients at an elevated risk
of a MACE and subsequently guide further vascular evaluation, specialist referrals, and aggressive
medical/surgical management, thereby improving outcomes for patients with CAS.

Keywords: inflammatory proteins; IL-6; CD163; prognosis; carotid artery stenosis

1. Introduction

Carotid artery stenosis (CAS) involves atherosclerosis in the carotid arteries and is
a major contributor to ischemic strokes, which causes important morbidity/mortality
globally as highlighted in recent studies by Qaja et al. (2022) and Donkor and colleagues
(2018) [1,2]. However, the condition is heterogeneous in that some patients will remain
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asymptomatic throughout their disease course, while others will suffer debilitating strokes
leading to permanent disability or death [1,3]. Currently, it is challenging to predict the
clinical course of patients with CAS [4]. Although imaging to determine the severity
of atherosclerosis may help predict adverse events, it comes with limitations [5,6]. For
example, some patients with severe stenosis may remain asymptomatic while others with
moderate stenosis may develop stroke [5,6]. One potential reason is that imaging alone
does not fully consider the molecular mechanisms by which atherosclerotic plaques lead to
strokes [7]. Therefore, identifying biomarkers associated with adverse outcomes in patients
with CAS may provide important information to support the prognosis of patients with
CAS to guide further personalized evaluation and treatment [7].

Inflammatory proteins have been demonstrated to be involved in cardiovascular dis-
ease development, including the cluster of differentiation 163 (CD163) [8] and interleukin-6
(IL-6) [9]. The mechanisms by which IL-6 and CD163 may increase the risk of major adverse
cardiovascular events in patients with carotid artery stenosis include the facilitation of
pro-inflammatory and pro-atherogenic pathways that may contribute to plaque progression
and instability leading to adverse cardiovascular outcomes [10–13]. Over 20 inflammatory
cardiovascular disease biomarkers have been investigated [14–23]. We selected 29 specific
inflammatory biomarkers for analysis because they have been thoroughly studied and show
robust associations with cardiovascular diseases with potential applications to CAS [14–23].
Although existing papers have shown correlations between these proteins and cardiovascu-
lar diseases, few have assessed their implications for prognosis in CAS by assessing their
ability to predict adverse events independently of other clinical characteristics [14–23]. The
reason this study focused specifically on CD136 and IL-6 is that these proteins are involved
in various metabolic pathways that promote inflammation and atherogenesis, which are
fundamental contributors to CAS development and progression [8,9]. Therefore, CD136
and IL-6 may have strong prognostic value for CAS-related adverse events [8,9]. The nov-
elty of this study stems from the fact that we identified CAS-specific prognostic biomarkers
from a large panel of circulating proteins and assessed their ability to independently predict
CAS-related outcomes using statistical tests that adjusted for baseline characteristics, which
has not been performed by previous studies [14–23]. This study primarily focuses on iden-
tifying CAS-specific prognostic biomarkers from a large pool of inflammatory proteins and
characterizing the ability of these biomarkers to predict long-term adverse cardiovascular
events in individuals with CAS. The findings of this study have the potential to improve
outcomes for patients with CAS by identifying high-risk patients who may benefit from
further vascular evaluation and aggressive medical/surgical management.

2. Materials and Methods
2.1. Ethics Approval

This project was granted approval by the Unity Health Toronto research ethics board
on 8 February 2017 (REB # 16-365). All participants provided informed consent, and all
procedures were conducted according to the principles outlined in the Declaration of
Helsinki [24].

2.2. Study Design

This prognostic study was conducted and reported using the transparent report-
ing of a multivariable prediction model for individual prognosis or diagnosis (TRIPOD)
statement [25]. Specifically, this study was designed to identify CAS-specific prognos-
tic biomarkers from a large panel of circulating proteins using a prospectively recruited
cohort and evaluate the ability of these proteins to independently predict CAS-related
adverse events.
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2.3. Patient Recruitment

This study prospectively recruited patients with and without CAS who presented to
ambulatory clinics at our institution between November 2019 and January 2022. CAS was
defined as >50% stenosis of at least 1 of the carotid arteries on a duplex ultrasound using
the North American Symptomatic Carotid Endarterectomy Trial (NASCET) criteria [26].
The duplex ultrasound study was performed at the time of patient recruitment, and the
reason for a patient receiving a duplex ultrasound study was for suspected carotid artery
stenosis based on neurological symptoms or cardiovascular risk factors as determined
based on clinical assessment by a vascular surgeon. Non-CAS was defined as <50%
stenosis of both carotid arteries on a duplex ultrasound based on the NASCET criteria [26]
and included patients with non-CAS pathologies including peripheral artery disease,
abdominal aortic aneurysm, and varicose veins. Patients received standard CAS guideline-
directed cardiovascular risk reduction therapy including acetylsalicylic acid and statins;
however, they did not receive any biological or anti-inflammatory medications that are
known to influence the modulation of inflammatory proteins [27,28]. Patients with acute
coronary syndrome, elevated troponin, or inflammatory disorders requiring biological
anti-inflammatory medications within the previous 3 months were excluded.

2.4. Baseline Characteristics

The baseline characteristics documented in this study included age, sex, hypertension
(diastolic blood pressure ≥ 80 mmHg, systolic blood pressure ≥ 130 mmHg, or taking
blood pressure-lowering therapy [29,30]), dyslipidemia (triglyceride > 1.7 mmol/L, total
cholesterol > 5.2 mmol/L, or taking lipid-lowering therapy [29,30]), diabetes (hemoglobin
A1c ≥ 6.5% or taking an antidiabetic medication [29,30]), current smoking habits, congestive
heart failure (CHF), coronary artery disease (CAD), and history of stroke. Cardiovascular
risk factors were defined based on the American College of Cardiology guidelines [29,30].

2.5. Quantification of Plasma Inflammatory Biomarker Levels

Samples of blood were obtained from the participants, and plasma concentrations
of 29 inflammatory proteins were assessed in duplicate using the LUMINEX assay (Bio-
Techne, Minneapolis, MN, USA) [31]. The following proteins were selected for analysis
because of their involvement in metabolic processes that are associated with atherosclerosis
and important associations with cardiovascular diseases: chemokine (C-C motif) ligand
1 (CCL1)/TCA-3, tumor necrosis factor alpha (TNF-α), MMP-8, CD163, bone morpho-
genetic protein 10 (BMP-10), BMP-7, BMP-4, insulin-like growth factor-binding protein-1
(IGFBP-1), CCL3/macrophage inflammatory protein-1 alpha (MIP-1a), CCL13/MIP-1 delta,
CCL4/MIP-1b, chemokine (C-X-C motif) ligand 16 (CXCL16), oxteoactivin/glycoprotein
(transmembrane) NMB (GPNMB) resistin, CXCL9/monokine induced by gamma (MIG), re-
generating family member 3 alpha (Reg3α), interferon gamma (IFNy), proganulin (PGRN),
CCL17/thymus and activation regulated chemokine (TARC), HTRA2/Omi, Serpin A12,
Serpin B3/squamous cell carcinoma antigen 1 (SCCA1), carcinoembryonic antigen-related
cell adhesion molecule 1 (CEACAM1/CD66a), CCL11/Eotaxin, IL-6, MMP-7, MMP-10,
CCL-2/MCP-1, and TFPI. By analyzing a large number of inflammatory proteins, we aimed
to identify novel CAS-specific biomarkers. Specifically, by narrowing down a large pool of
inflammatory proteins to a few proteins that have strong predictive ability for CAS-related
adverse events, we can identify highly accurate prognostic biomarkers for CAS. Prior to
analyzing the samples, bead kits from Fluidics Verification and Calibration (Luminex Corp,
Austin, TX, USA) [32] were utilized for the calibration of the MagPix analyzer (Luminex
Corp, Austin, TX, USA) [33]. To prevent any intra- and inter-assay variability, all analyses
were performed in 1 day. Sample inter- and intra-assay coefficients of variability were
below 10%. A minimum of fifty beads for each protein were analyzed using Luminex
xPonent version 4.3 [34].
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2.6. Follow-Up and Outcomes

Follow-up visits were conducted at 12 and 24 months after the baseline assessment.
At each visit, a complete evaluation was performed including a repeat carotid duplex
ultrasound and an assessment of changes in clinical status and study outcomes. The
outcome of interest was a 2-year major adverse cardiovascular event (MACE; composite
of stroke, myocardial infarction, or death). Myocardial infarction was defined as acute
myocardial ischemia based on clinical symptoms, electrocardiogram changes, and troponin
elevation. Stroke was defined as ipsilateral or contralateral neurological deficits persisting
for >24 h. Death was defined as all-cause mortality.

2.7. Statistical Analysis

The baseline characteristics of our cohort were reported as means (standard deviations)
or numbers (proportions). The differences in baseline characteristics between patients with
vs. without CAS were assessed using the independent t-test for continuous variables (age)
and chi-square test for categorical variables (sex, hypertension, dyslipidemia, diabetes,
current smoking, CAD, CHF, and previous stroke). Plasma protein levels were compared
between CAS patients with and without a 2-year MACE using the independent t-test if
normally distributed or the Mann–Whitney U test if non-normally distributed. Proteins
that were expressed differentially in individuals with and without a 2-year MACE were
used in further analyses for model development. Adjusted hazard ratios (HR) for a 2-year
MACE per one unit increase in each differentially expressed inflammatory biomarker (IL-6
and CD163) were assessed using Cox proportional hazards analysis, controlling for age,
sex, hypertension, dyslipidemia, diabetes, current smoking, CAD, CHF, and previous
stroke. Given that the baseline condition may be poorer in patients with CAS compared
to patients without CAS, this adjusted analysis allowed for the controlling of baseline
differences to assess the independent association between protein biomarkers and a 2-year
MACE. Freedom from a MACE over 2 years in individuals with low vs. high plasma
levels of IL-6 and CD163 was analyzed with Kaplan–Meier curves and compared using
Cox proportional hazards analysis. Low and high plasma levels of IL-6 and CD163 were
determined based on the median plasma concentrations of these proteins in our cohort.
This stratified analysis allowed us to understand the clinical significance of elevated levels
of these plasma proteins. Specifically, it helps clinicians understand the trajectory of a
patient with low vs. high protein levels over a 2-year period in terms of MACE risk. Patients
lost to follow-up were censored. The sample size of this study was 336 patients (290 with
CAS and 46 without CAS), which was determined using a validated sample size calculator
for clinical prediction models [35]. A larger number of patients with CAS were recruited to
ensure that an adequate number of patients with the disease of interest were enrolled to
provide an adequate sample size to identify CAS-specific prognostic biomarkers. Statistical
significance was determined at 2-tailed p below 0.05. SPSS software version 23 was used to
perform all statistical analyses [36].

3. Results
3.1. Patients

Overall, 336 patients were included (290 with CAS and 46 without CAS). Patients
with CAS were older (mean age 71.60 (SD 8.55) vs. 63.76 (SD 13.38) years, p < 0.001) and
a greater proportion had dyslipidemia (82% vs. 51%, p < 0.001), hypertension (78% vs.
55%, p < 0.001), diabetes (31% vs. 22%, p < 0.03), CAD (37% vs. 27%, p < 0.03), and a prior
stroke (34% vs. 22%, p = 0.005) (Table 1). A complete follow-up was obtained for 46 (100%)
patients without CAS at 1 year and 2 years and for 258 (89.0%) and 239 (82.4%) patients
with CAS at 1 year and 2 years, respectively.
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Table 1. Baseline characteristics of individuals with vs. without carotid artery stenosis.

No Carotid Artery Stenosis
(n = 46)

Carotid Artery Stenosis
(n = 290) p

Age, mean (SD) 63.76 (13.38) 71.60 (8.55) <0.001

Female sex 19 (42%) 110 (38%) 0.78

Male sex 27 (58%) 180 (62%) 0.78

Hypertension 25 (55%) 226 (78%) <0.001

Dyslipidemia 23 (51%) 238 (82%) <0.001

Diabetes 10 (22%) 90 (31%) 0.03

Current smoking 18 (40%) 157 (54%) 0.003

Congestive heart failure 3 (7%) 12 (4%) 0.16

Coronary artery disease 12 (27%) 107 (37%) 0.03

Previous stroke 10 (22%) 99 (34%) 0.005

Values reported as N (%) unless otherwise indicated. Abbreviation: SD (standard deviation).

3.2. Circulating Inflammatory Protein Levels

From an initial panel of 29 inflammatory proteins, we identified two proteins that
were significantly elevated in patients with CAS who developed a 2-year MACE compared
to those who did not develop a 2-year MACE: IL-6 (5.07 (SD 4.66) vs. 3.36 (SD 4.04) pg/mL,
p = 0.03) and CD163 (233.825 (SD 230.306) vs. 159.673 (SD 175.669) pg/mL, p = 0.033)
(Table 2). Given that the goal of this study was to build a prognostic model for a 2-year
MACE in patients with CAS, protein levels were compared in patients with CAS who
developed vs. did not develop a 2-year MACE to identify proteins that were associated
with a 2-year MACE in patients with CAS. These two proteins (IL-6 and CD163) were
therefore analyzed further.

Table 2. Plasma protein concentrations in individuals with carotid artery stenosis who developed vs.
did not develop 2-year major adverse cardiovascular events.

Did Not Develop 2-Year MACE Developed 2-Year MACE p-Value

IL-6 3.36 ± 4.04 5.07 ± 4.66 0.030

CD163 159.673 ± 175.669 233.825 ± 230.306 0.033

Reg3A 22.676 ± 20.778 31.098 ± 42.075 0.061

Resistin 5.807 ± 5.640 7.611 ± 6.703 0.101

MMP7 4.555 ± 2.773 3.788 ± 1.926 0.140

CEACAM-1/CD66a 16.352 ± 15.450 20.108 ± 16.919 0.209

TNFa 4.47 ± 2.96 5.17 ± 2.96 0.218

MMP8 234.433 ± 385.299 161.237 ± 262.682 0.310

BMP4 14.79 ± 7.15 16.16 ± 6.00 0.312

Progranulin/PGRN 22.855 ± 31.625 27.031 ± 23.704 0.482

CCL15/MIP-1 delta 2.180 ± 3.334 2.566 ± 2.560 0.539

HTRA2/Omi 0.977 ± 1.203 1.113 ± 1.073 0.551

IGFBP1 16.221 ± 31.167 19.538 ± 23.972 0.578

Serpin A12 0.703 ± 4.380 0.268 ± 0.871 0.588

MMP10 0.709 ± 0.610 0.770 ± 0.468 0.600

IFNy 12.747 ± 18.035 10.974 ± 16.303 0.605
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Table 2. Cont.

Did Not Develop 2-Year MACE Developed 2-Year MACE p-Value

CXCL9/MIG 4.360 ± 6.796 3.709 ± 5.287 0.611

Osteoactivin/GPNMB 16.836 ± 12.975 17.858 ± 8.487 0.673

CXCL16 8.470 ± 10.543 7.726 ± 9.815 0.711

CCL17/TARC 0.372 ± 1.262 0.287 ± 0.318 0.712

CCL1/TCA-3 24.18 ± 362.00 2.98 ± 2.16 0.749

CCL2/MCP1 2.598 ± 36.999 0.634 ± 1.085 0.772

BMP10 0.115 ± 0.108 0.109 ± 0.068 0.799

CCL4/MIP1b 6.769 ± 13.668 7.409 ± 13.170 0.806

TFPI 19.940 ± 10.307 19.557 ± 10.822 0.846

CCL11/Eotaxin 0.100 ± 0.203 0.105 ± 0.063 0.893

BMP7 0.134 ± 0.520 0.123 ± 0.072 0.911

Serpin B3/SCCA1 0.345 ± 0.701 0.354 ± 0.528 0.947

CCL3/MIP1a 1.353 ± 2.182 1.376 ± 2.354 0.957

Protein concentrations reported in mean ± SD (pg/mL). Abbreviations: MACE (major adverse cardiovascu-
lar event), MMP-7 (matrix metalloproteinase-7), MMP-10 (matrix metalloproteinase-10), IL-6 (interleukin-6),
CCL-2/MCP-1 (monocyte chemoattractant protein), TFPI (tissue factor pathway inhibitor), CCL17/TARC
(chemokine (C-C motif) ligand 17/thymus and activation regulated chemokine), Reg3A (regenerating family mem-
ber 3 alpha), MIP-1a (macrophage inflammatory protein-1 alpha), IGFBP-1 (insulin-like growth factor-binding
protein-1), BMP-4 (bone morphogenetic protein 4), CD163 (cluster of differentiation 163), CXCL16 (chemokine
(C-X-C motif) ligand 16), TNFa (tumor necrosis factor alpha), CEACAM1/CD66a (carcinoembryonic antigen-
related cell adhesion molecule 1), GPNMB (glycoprotein (transmembrane) NMB), IFNy (interferon gamma), and
SCCA1 (squamous cell carcinoma antigen 1).

3.3. Associations between Inflammatory Biomarkers (IL-6 and CD163) and MACE

At 1 year of follow-up, 23 (7.93%) patients developed a MACE in the CAS cohort,
while zero patients developed a MACE in the non-CAS cohort. At 2 years of follow-up,
30 (10.34%) patients developed MACE in the CAS cohort, while four (8.70%) patients
developed MACE in the non-CAS cohort (Table 3). There were significant correlations
between every one unit increase in the two inflammatory proteins and a 2-year MACE: IL-6
(adjusted HR 1.269 (95% CI 1.122–1.639), p = 0.042) and CD163 (adjusted HR 1.413 (95% CI
1.022–1.954), p = 0.036) (Table 4).

Table 3. Major adverse cardiovascular events at 1 year and 2 years of follow-up for patients with and
without carotid artery stenosis.

No Carotid Artery Stenosis
(n = 46)

Carotid Artery Stenosis
(n = 290)

MACE at 1 year 0 (0) 23 (7.93%)

MACE at 2 years 4 (8.70%) 30 (10.34%)
Values reported as N (%). MACE: major adverse cardiovascular event.

Table 4. Hazard ratios for 2-year major adverse cardiovascular events per every one unit increase in
plasma IL-6 and CD163 concentrations.

Adjusted HR (95% CI) * p

IL-6 1.269 (1.122–1.639) 0.042

CD163 1.413 (1.022–1.954) 0.036
* Adjusted for sex, age, dyslipidemia, hypertension, diabetes, current smoking, congestive heart failure, coronary
artery disease, and previous stroke. Abbreviations: CD163 (cluster of differentiation 163), IL-6 (interleukin-6), CI
(confidence interval), and HR (hazard ratio).
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3.4. Kaplan–Meier and Cox Proportional Hazards Analysis

Over a follow-up period of 2 years, individuals with high plasma concentrations of
IL-6 based on the median value within our patient sample had a lower freedom from a
MACE (HR 1.269 (95% CI 1.122–1.639), p = 0.042) (Figure 1). Similarly, individuals with
high levels of CD163 based on the median value within our patient sample had lower
freedom from a 2-year MACE (HR 1.413 (95% CI 1.022–1.954), p = 0.036) (Figure 2). Tables 5
and 6 provide the population at risk at 12 and 24 months of follow-up for comparison of a
2-year MACE in patients with low vs. high plasma levels of IL-6 and CD163, respectively.
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Figure 1. Kaplan–Meier curve of freedom from a MACE over 2 years of follow-up in individuals with
low vs. high IL-6 levels. Stratification of patients into low and high IL-6 groups was determined based
on the median plasma concentration of IL-6 in our patient sample. Abbreviations: IL-6 (interleukin-6)
and MACE (major adverse cardiovascular event; composite of stroke, myocardial infarction, or death).

Table 5. Population at risk at 12 and 24 months of follow-up for comparison of 2-year major adverse
cardiovascular events in patients with low vs. high plasma levels of interleukin-6.

Low IL-6
(N = 168)

High IL-6
(N = 168)

12 months 166 (99%) 147 (87%)

24 months 163 (97%) 139 (83%)
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Figure 2. Kaplan–Meier curve of freedom from a MACE over 2 years of follow-up in individuals with
low vs. high CD163 levels. Stratification of patients into low and high CD163 groups was determined
based on the median plasma concentration of CD163 in our patient sample. Abbreviations: CD163
(cluster of differentiation 163) and MACE (major adverse cardiovascular event; composite of stroke,
myocardial infarction, or death).

Table 6. Population at risk at 12 and 24 months of follow-up for comparison of 2-year major adverse
cardiovascular events in patients with low vs. high plasma levels of cluster of differentiation 163.

Low CD163
(N = 138)

High CD163
(N = 138)

12 months 135 (97%) 118 (86%)

24 months 134 (95%) 108 (78%)

4. Discussion
4.1. Summary of Findings

Herein, we identified IL-6 and CD163 as CAS-specific biomarkers and demonstrated
that these inflammatory proteins have good prognostic value in patients with CAS. These
biomarkers can be used for relatively long-term prognosis with 2 years of follow-up. Several
key findings emerged from our analysis. Firstly, 29 inflammatory proteins were analyzed,
and we discovered two to be significantly elevated in individuals with CAS with a 2-year
MACE compared to those without a 2-year MACE (IL-6 and CD163), as demonstrated in
Section 3.2 of the results. Second, we demonstrated significant correlations between every
one unit elevation in these two proteins and a 2-year MACE after adjusting for baseline
characteristics, as demonstrated in Section 3.3 of the results. Third, we stratified patients
into low vs. high levels of IL-6 and CD163 based on the median plasma concentrations of
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these proteins in our cohort and found that individuals with high plasma levels of these
proteins had a lower freedom from a MACE over 2 years, as demonstrated in Section 3.4
of the results. This demonstrates the clinical relevance of our model in helping clinicians
understand the future trajectory of their CAS patients in terms of the risk of adverse
events to guide personalized decision-making regarding further evaluation, monitoring,
and treatment.

4.2. Comparison to the Existing Literature

Previous papers have assessed the associations between IL-6/CD163 and CAS. Puz
and colleagues (2013) showed that individuals with CAS had higher plasma concentrations
of IL-6 [37]. Similarly, Bountouris et al. (2009) demonstrated that IL-6 levels were elevated
in individuals with symptomatic vs. asymptomatic CAS [38]. Zhang and colleagues (2018)
showed that IL-6 was associated with cardiovascular disease risk with co-association with
hypertension and hypercholesterolemia in a pooled analysis of over 200,000 patients [39].
Others have shown a correlation between IL-6 and carotid plaque instability mediated by
higher levels of local inflammation [40]. We similarly showed a correlation between IL-6
and CAS outcomes, with higher plasma IL-6 levels being a predictor of a 2-year MACE
in patients with CAS. With regards to CD163, Bengtsson and colleagues (2020) showed
that CD163+ macrophages were correlated with vulnerable carotid plaques [8]. Specifically,
the authors analyzed 200 human carotid plaques and showed that CD163 expression was
elevated in plaques from symptomatic individuals compared to asymptomatic patients [8].
Durda and colleagues (2022) showed an association between circulating soluble CD163 and
cardiovascular events and mortality using a genome-wide association study [41]. David
et al. (2020) demonstrated that CD163 was a biomarker for accelerated atherosclerosis,
specifically progressive carotid plaque, in patients with systemic lupus erythematosus [42].
Elsewhere, Otsuka et al. (2017) showed that individuals with symptomatic CAS had
an increased expression of CD163+ macrophages and adding anti-inflammatory drugs
to reduce macrophage lipoprotein-associated phospholipase A2 expression may reduce
inflammation and apoptosis and therefore limit the expansion of the necrotic core and
progression of the lesion [43]. We took these findings a step further and demonstrated a
significant association between plasma CD163 levels and adverse clinical events of a 2-year
MACE in patients with CAS. Overall, our work contributes to the current literature by
demonstrating the prognostic value of IL-6 and CD163 in predicting long-term adverse
outcomes in patients with CAS.

4.3. Explanation of Study Findings

IL-6 belongs to the family of pro-inflammatory cytokines and induces the expression
of various proteins that contribute to inflammation [44]. It also facilitates the prolifera-
tion/differentiation of various human cell types [44,45]. The signaling of IL-6 is mediated
by the transmembrane IL-6 receptor, soluble forms of IL-6R, and gp130 [44,46]. These
pathways contribute to IL-6′s pleiotropic functions, including the synthesis of acute phase
proteins (e.g., C-reactive protein), induction of T cell growth and differentiation, and upreg-
ulation of thymocyte proliferation, among other functions [44,47]. Importantly, IL-6 has
been demonstrated to induce the endothelial expression of adhesion molecules and the
production of monocyte chemoattractant protein-1, which is a chemokine that facilitates
the recruitment of monocytes [48]. This is particularly important with regard to CAS as
endothelial dysfunction and chronic inflammation are important contributors to atheroscle-
rosis in the carotid arteries [9]. Therefore, this may explain the potential mechanism by
which higher circulating levels of IL-6 may contribute to more vulnerable carotid plaques
and therefore predict adverse events in patients with CAS [9]. Similarly, CD163 is a marker
specific to monocytes and macrophages, and they are primarily expressed in cells that
possess strong anti-inflammatory potential [49]. CD163 expression is induced by anti-
inflammatory mediators including glucocorticoids and IL-10, while CD163 is inhibited by
pro-inflammatory molecules including interferon-gamma [49]. Importantly, mononuclear
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phagocytes that express CD163 may facilitate the downregulation of inflammation [49].
The upregulation of CD163 is an important change characteristic of macrophages switching
to alternatively activated phenotypes in the inflammation response [12]. Therefore, CD163
upregulation in macrophages is characteristic of tissues’ response to inflammation [12].
This is particularly relevant to CAS because macrophages are abundant in atherosclerotic
plaques [8]. Macrophages that express CD163 are associated with intraplaque hemorrhage
and demonstrate a proatherogenic role [8]. These findings may explain why higher levels
of CD163 in plasma may contribute to carotid plaque progression and vulnerability and
therefore predict adverse outcomes in patients with CAS [8].

4.4. Implications

This study offers practical implications for guiding personalized clinical decision-
making across various scenarios. Firstly, our tool can be employed to assess patients
with asymptomatic CAS, which is particularly valuable in family practice settings. Gen-
eral practitioners can integrate the measurement of IL-6 and CD163 into their clinical
assessments to gauge an individual’s risk of CAS-related adverse outcomes. Individuals
screening positive for being at a high risk of poor outcomes may be referred for further
vascular evaluation and management by a specialist such as a vascular surgeon or vascular
medicine specialist [50]. On the other hand, patients categorized as low risk may continue
to receive care from their family physician, focusing on risk factor optimization through
management options including statins, acetylsalicylic acid, and lifestyle changes [51]. Once
a referral has been made, vascular specialists can assess the measured plasma levels of
IL-6 and CD163 as indicators of the patient’s risk of potential adverse outcomes and use
this information in addition to identify individuals at an elevated risk of a MACE who
could benefit from (1) additional imaging to delineate vascular anatomy and severity of
disease [52], (2) low-dose rivaroxaban [53], or (3) carotid endarterectomy or stenting in
patients at the highest risk [54]. Our study may enhance care for patients with CAS in both
generalist and specialist settings. It facilitates efficient personalized CAS risk-stratification
and prompt identification of patients at high risk for adverse events. This, in turn, can
reduce unnecessary specialist referrals, lead to improved CAS outcomes, and concurrently
lower healthcare costs.

4.5. Limitations

This study has several limitations. Firstly, recruitment occurred at a single center,
which may affect the generalizability of the results. Secondly, a longer follow-up may
help strengthen our understanding of the long-term prognostic value of IL-6 and CD163
in CAS. Thirdly, this study excluded individuals with specific conditions including acute
coronary syndrome, elevated troponin, or inflammatory disorders requiring biological anti-
inflammatory medications within the previous 3 months to reduce potential heterogeneity
in disease processes and outcomes. Therefore, our results only apply to select patients
with CAS. Further investigation is required to validate the potential of CD163 and IL-6 as
prognostic biomarkers in individuals with CAS.

5. Conclusions

Herein, we demonstrated that inflammatory biomarkers IL-6 and CD163 have prog-
nostic value in CAS. Higher plasma IL-6 and CD163 levels are associated independently
with a 2-year MACE in individuals with CAS. The measurement of circulating levels of
IL-6 and CD163 may help identify individuals with CAS who are at an elevated risk of
developing adverse outcomes. These patients could benefit from further evaluation by vas-
cular specialists, aggressive management, and close follow-up. Additionally, our findings
underscore the need for translational studies assessing the biological relationships between
IL-6/CD163 and CAS development, which may provide greater insight into the underlying
pathogenesis of CAS and inform personalized diagnostic and therapeutic strategies. This
study has the potential for direct clinical impact by improving outcomes for patients with
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CAS. Further studies with more patients and a longer prospective follow-up are necessary
to confirm these findings.
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