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with Symptomatic Carotid Artery Stenosis and Its
Relationship with Stenosis Degree
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Abstract

Aim: Monocyte/high-density lipoprotein (HDL) ratio (MHR) is an inflammatory marker associated with vascular diseases. The aim of
this study is to evaluate the MHR in patients with symptomatic carotid artery stenosis and to examine its relationship with the degree
of stenosis.

Methods: The study was conducted as a case-control study, with data obtained from patients’ files between January 2020 and May
2021. Ninety patients with symptomatic carotid stenosis and 40 healthy controls were included in the study. For vascular imaging,
computed tomography angiography and/or digital subtraction angiography were used. Carotid artery stenosis was grouped according
to North American Symptomatic Carotid Endarterectomy Trial criteria. Tests for monocyte and HDL cholesterol were performed, and
the MHR was calcu-lated.

Results: There were 67 male and 23 female patients with a mean age of 65.10+12.26 years in the study. In 46 (51.1%) of the patients,
there was 50% or more carotid artery stenosis. The HDL cholesterol level was lower, and the MHR was higher in the patient group
(p=0.042, p=0.041, respectively). Monocyte and MHR levels were higher in patients with 50% or more carotid stenosis (p=0.04).

Conclusion: The MHR is a predictive biomarker for the degree of symptomatic stenosis in the carotid artery.
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Introduction

An acute ischemic stroke describes a focal or global
cerebral injury that develops suddenly and has no apparent
cause other than vascular. Ischemia is the most common
etiological cause of strokes, and carotid artery disease is
the cause in approximately one-third of them. It occurs
especially with atherosclerosis (1-3). There is evidence that
the inflammatory process associated with atherosclerosis
and vascular stenosis is important in the development and
prognosis of ischemic stroke (4).

Macrophages and monocytes have critical roles in the
release of proinflammatory cytokines and the modulation
of inflammation (5,6). Activated monocytes play a role
in the etiology of cardiovascular diseases by modulating

inflammatory cytokines (7). High-density lipoprotein
(HDL) tries to prevent the occurrence of endothelial
damage. It does this by inhibiting the oxidation of low-
density lipoprotein (LDL). HDL cholesterol exerts its anti-
inflammatory effect in this way (8). The monocyte/HDL
cholesterol ratio (MHR) is an indicator of atherogenic and
antiatherogenic balance, and its higher level is associated
with the degree of atherosclerosis. Recent studies show
that MHR may be a new predictive factor in predicting
cardiovascular disease prognosis (9,10). There are quite a
few studies in the literature evaluating the role of MHR in
the process or prognosis of ischemic stroke, but there is no
study to evaluate the relationship between symptomatic
carotid stenosis and MHR (11).
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This study aims to evaluate MHR in patients with
symptomatic carotid artery stenosis and to reveal its
relationship with the degree of stenosis.

Methods

Ethical Approval and Field of Study

Ischemic stroke patients hospitalized in the neurology
clinic were included in the study, which was planned as
a case-control and retrospective study. The data were
obtained with patients file from January 2020 to May
2021. Since this study was retrospective, an informed
consent form was not required. Prior to the study,
approval was obtained from the local ethics committee
of Selcuk University (date: 21.04.2021, decision number:
2021/221). The study process adhered to the Helsinki
Declaration and good clinical practice guidelines.

Participants
A total of 800 ischemic stroke patients were evaluated.
Patients with temporary or permanent carotid region stroke

symptoms within the last 6 months were evaluated. Ninety
stroke patients and 40 control patients who were found

to have stenosis in the carotid location consistent with the
present symptom on vascular imaging were included in
the study. Age, gender and chronic diseases [hypertension,
diabetes mellitus (DM)] were evaluated. Patients were
grouped as under 65 years old, 66-79 years old and over 80
years old. The control patients included in the study were
healthy individuals of similar age and gender as the patient
group. In addition, these patients did not have the exclusion
criteria and stroke history. The study design and exclusion
criteria were determined (Figure 1). It was thought that these
factors might change monocytes and HDL cholesterol levels.
They were pregnancy, active systemic infection, hematological
disease and antihyperlipidemic treatment history. Patients
with other stroke risk factors were excluded. They were
vertebrobasilar and intracranial stenosis, mechanical
prosthetic valve, severe mitral stenosis, atrial fibrillation,
intracardiac thrombus, endocarditis, dilated cardiomyopathy
and atrial myxoma.

Brain Computed Tomography Angiography
CTA was used to determine the degree and location
of carotid artery stenosis and was performed with 64

Patients eligible for ischemic stroke (n = 800)

I

Patient with carotid artery symptoms and/or

findings in 6 months (n = 525)

Patient with carotid stenosis (n = 163)

Patients excluded from the study n =73

- Pregnant (n=1)

- Active systemic infection (n= 10)
- Hematological disease (n=35)

- Antihyperlipidemic therapy (18)

- Atrial fibrillation (n=12)

- Left atrium or ventricular thrombus (n=1)
- Acute myocardial infarction (n=2)

- Dilated cardiomyopathy (n=1)

- Atrial myxoma, infective endocarditis (n =

- Vertebrobasilar or intracranial stenosis (n=15)

L Mechanical prosthetic valve or severe mitral stenosis (n=6) | |

2)

| Patients inclided in the study (n = 90) |

}Carotid stenosis <50% (n =44)

{Carotid stenosis 50-69% (n = 12)

|
|
{Carotid stenosis 70-89% (n = 18) |
{'“arotid stenosis 90-100% (n = 16) |

Figure 1. Study design and exclusion criteria
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MDCT (Toshiba, Japan). The arcus aorta and the sphenoid
wing are scanned in the upper section. The scanning
area is determined, and the recording is made by giving
contrast material via the venous route. Various programs
and reconstructions were obtained by volume rendering
techniques. Calcifications and stenosis degrees are
determined with various window settings.

Digital Subtraction Angiography

Digital subtraction angiography (DSA) was used in
addition to computed tomography angiography in patients
whose stenosis degree and localization in the carotid artery
could not be determined decisively. The Axiom Artis FA
(Siemens, Germany) brand device was used for DSA and
the femoral artery was utilized for intervention. Sheaths
were placed in sizes varying between 6F-8F Aortography
was performed first with a 6F pigtail from the aortic arch.
In cases where both carotid arteries (AP and lateral) were
required, images were taken obliquely. Non-ionic contrast
material was used to obtain the images.

Evaluation of Images

The stenosis degrees of the patients included in the
study were determined by tomography angiography
and/or DSA. The degree of carotid artery stenosis was
calculated according to the North American Symptomatic
Carotid Endarterectomy Trial (NASCET) criteria. The degree
of stenosis was calculated using the formula: (1-narrowest
segment/distal normal segment) x 100 (12,13). According
to the NASCET, the results were divided into 4 groups:
less than 50%, 50-69, 70-89, and 90 and above. The
localization of carotid artery stenosis was determined
(right and/or left).

Blood Test Parameters

Monocyte and HDL levels were detected at any time
point within six months after stroke symptoms. The MHR
was calculated with these levels. Blood samples were
taken on hospitalization, in the morning hours after
fasting for at least 8 hours. Serum was taken into gel
tubes with a separator and blood samples were taken into
tubes with potassium-ethylenediaminetetraacetic acid.
The samples obtained (5000 rpm) were centrifuged and
sera were separated. HDL cholesterol spectrophotometry,
the parameter used in the study, was measured using
hemogram (monocyte) fluorescence flow cytometry and
was calculated using the formula MHR=Monocyte (K/uL)/
HDL cholesterol (mg/dL) x 1000.

Statistical Analysis

SPSS 16.0 Package Software (Statistical Package for the
Social Sciences Inc.; Armonk, NY, USA) was used to analyze
the collected data. Normality analysis was performed
using the Kolmogorov-Smirnov test. The demographic
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data obtained were expressed as a number, percentage,
mean standard deviation, or median (minimum-maximum)
based on the results of the normality analysis. Normally
distributed data was compared with the Student’s t-test.
Data that was not normally distributed was analyzed using
the Kruskal-Wallis test. Post-hoc analysis was performed
using the Mann-Whitney U test and Bonferroni correction.
The chi-square, or Fisher's exact test, was used to compare
categorical data. The MHR cut-off points were calculated
according to the receiver operating characteristic (ROC)
curve. The cut-off point was determined according to the
sensitivity and specificity values. The area under the curve
(AUC) was calculated with confidence intervals (Cl). The
relationship between the numerical data was evaluated
using Spearman’s correlation test. A logistic regression
analysis was used to predict the factors affecting carotid
artery stenosis. The results were considered significant at
p<0.05 with a 95% Cl.

Results

In the study, there were 90 carotid artery stenosis
patients with a mean age of 65.10+12.26 (38-86)
years and 40 healthy volunteers with a mean age of
64.03+9.481 (50-78) years. Twenty-three (25.6%) of
the patients with carotid stenosis were female and 67
(74.4%) were male. Patients and healthy controls were
comparable in terms of age and gender (p=0.098). The
patients had lower HDL cholesterol levels (p=0.042) and
higher MHR levels (p=0.041) compared with the control
group. Clinical and laboratory parameters in patients with
symptomatic carotid artery stenosis and the control group
are summarized in (Table 1).

There was no difference in monocyte, HDL cholesterol,
and MHR levels between the age groups (under 65 years
old, 66-79 years old and over 80 years old) (p=0.33,
p=0.60, and p=0.39, respectively). When the patients
were grouped according to their gender, it was found
that there was no difference in the levels of monocyte,
HDL cholesterol and MHR (p=0.05, p=0.39, and p=0.06,
respectively). No relationship was found between
the presence of hypertension or DM and the level of
monocytes, HDL cholesterol, and MHR. There was no
correlation between stenosis localization (right or left)
and serum MHR level. When the degree of stenosis was
examined by dividing into 4 groups (less than 50%, 50-
69%, 70-89%, 90% and above), no difference was found
between the groups in terms of monocyte, HDL cholesterol
and MHR levels. However, when the groups were divided
into 2 groups (50% and more, 50% below), the monocyte
and MHR levels were significantly higher in patients with
50% and more stenosis (p=0.04) (Table 2). The monocyte
cut-off level was calculated as 0.5285 with 68% sensitivity
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Table 1. Clinical and laboratory parameters in patients with symptomatic carotid artery stenosis and control group

Patient group (n=90) Healthy individuals (n=40) p-value
Age (years), mean + SD 65.10+12.26 64.03+9.48 0.065
Female, n (%) 23 (25.6) 16 (40.0) 0.098
Male, n (%) 67 (74.4) 24 (60.0) ’
Hypertension, n (%) 58 (64.4) 3(7.5) 0.001*
Diabetes mellitus, n (%) 34 (37.8) 5(12.5) 0.004*
Monocyte (K/uL), median (minimum - maximum) | 0.595 (0.01-1.23) 0.490 (0.20-1.32) 0.069
HDL (mg/dL), median (minimum - maximum) 36.50 (17.00-65.00) 39.500 (21.0-66.0) 0.042**
MHR, median (minimum - maximum) 15.48 (0.36-41.38) 12.24 (3.57-38.93) 0.041**
Stenosis localization
Right, n (%) 26 (57.8) -
Left, n (%) 18 (21.1) -
Stenosis degree, n (%)
0-50% 44 (48.9) -
50-69% 12 (13.3) -
70-89% 18 (20.0) -
90-100% 16 (17.8) -
*/**: Statistical significant value, *: Fisher’s exact test, **: Student's t-test
SD: Standard deviation, n: Number, %: Percentage, HDL: High density lipoprotein, MHR: monocyte/low-density lipoprotein ratio

and 55% specificity for stenosis above and below 50% secretion of proinflammatory cytokines. Local tissue
(p=0.037, 95% CI: 0.511-0.745, AUC: 0.628) (Figure 2).  factors induce intravascular coagulation (14,15). The

The MHR cut-off level was calculated as 15.22 with 66%
sensitivity and 58% specificity for stenosis above and
below 50% (p=0.46, 95% Cl: 0.503-0.741, AUC: 0.622)
(Figure 3).

As a result of the Spearman correlation test, no
correlation was found between the age of the patients
and the monocyte, HDL cholesterol and MHR levels
(p=0.188, p=0.910, p=0.191, r=0.140, r=-0.012, r=0.139).
There was also no correlation between monocyte, HDL
cholesterol and MHR levels with increased stenosis levels
in stenosis above 50% (p=0.119, p=0.546, p=0.186,
r=0.233, r=-0.091, r=0.186).

A logistic regression model was created with
hypertension, DM, monocyte, HDL cholesterol and
MHR level to predict 50% or more carotid stenosis. The
model achieved a good fit (Hosmer-Lemeshow=0.382,
Nagelkerke R?=0.128). Monocyte had an effect on carotid
artery stenosis. Carotid artery stenosis (50% or more) risk
increased 2.8 times when monocytes increased by one
unit (p=0.013).

Discussion

The first step in the development of atherosclerosis
is endothelial dysfunction. Macrophages and monocytes
have an important role in the development of this step
and the progression of atherosclerosis. Monocytes
lead to the progression of the inflammatory reaction,
transforming into macrophages and then into foam
cells with oxidized lipids (10). Foam cells that turn into
fatty streaks contribute to local inflammation and the
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increase in monocytes and macrophages, which are the
sources of foam cells and atherosclerosis, is a predictor of
atherosclerosis and plaque formation (16-22). Monocytes

Table 2. Monocyte/high-density lipoprotein ratio in patients
with symptomatic carotid artery stenosis. The data were
presented as a median (minimum-maximum)

MHR-value p-value
Age
18-65 (n=43) 15.25 (2.11-32.63)
66-79 (n=36) 16.09 (4.29-39.68) 0.39
80-92 (n=11) 13.88 (0.36-41.38)
Male (n=67) 16.0 (6.13-41.38) 0.06
Female (n=23) 13.95 (0.36-23.46) ‘
Hypertension
None (n=32) 15.51 (6.13-32.63) 0.95
Yes (n=58) 15.46 (0.36-41.38) i
DM
None (n=56) 15.26 (0.36-41.38) 0.84
Yes (n=34) 15.71 (4.29-39.68) ‘
Localization
Right (n=52) 15.93 (2.68-39.68) 0.34
Left (n=38) 15.21 (0.36-41.38) ‘
Stenosis degree
0-50% (n=44) 14.65 (0.36-32.63)
50-69% (n=12) 15.91 (9.50-39.68) 0.07
70-89% (n=18) 18.77 (10.67-23.46) :
90-100% (n=16) 14.56 (10.26-23.46)
Stenosis degree
0-50% (n=44) 14.65 (0.36-32.63) 0.04*
50-100% (n=46) 16.03 (9.50-41.38) ’
*: Statistical significant value, *: Mann-Whitney U test
n: Number, %: Percent, MHR: Monocyte/low-density lipoprotein ratio, DM:
Diabetes mellitus
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also have an important role in thrombus formation and
the development of the ischemic area. Asymptomatic
carotid artery stenosis and non-stenotic ischemic stroke
have been linked to monocyte levels, degree of stenosis,
stroke development, and prognosis (11,18,23). Our study
is also built on this etiopathogenetic process. Monocyte
levels in the patient group were similar to those in the
control group. The monocyte/high-density lipoprotein
ratio, which is considered to be a more sensitive marker,
was significantly higher in the patient group. However, it
may also be related to the higher frequency of comorbid
diseases in the patient group. The monocyte serum
level and MHR were higher in symptomatic 50% and
more severe carotid artery stenosis. This suggests that
the presence and degree of stenosis in stroke may be
associated with inflammation.

Many studies have shown that HDL cholesterol has
anti-inflammatory, antithrombotic, and antioxidant effects
(9,10). HDL cholesterol is classically known to have anti-
atherogenic effects. It performs this function, especially
through lipid-loaded macrophages. In this way, the
transport of cholesterol to the artery wall is prevented.
It also inhibits the signaling of HDL cholesterol adhesion
molecules. Thus, inflammatory cells, especially monocytes,
are prevented from adhering to the vascular wall. It may
also limit the inflammatory response through its direct
effect on monocytes (9). Thanks to these mechanisms
of action, HDL cholesterol has also been shown to be
resistant to atrial myocyte cells (10,24). At the time of
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Figure 2. Monocyte: The receiver operating characteristic (ROC)
curve analysis for carotid artery stenosis

ischemia, HDL cholesterol tries to limit inflammation with
its anti-inflammatory and antioxidant activity. However,
monocytes try to shift the process towards inflammation
with their pro-inflammatory properties. Many studies have
shown that inflammation can negatively affect the process
of ischemia and vascular stenosis (4,5,25). In our study,
serum HDL cholesterol levels were lower in patients with
carotid artery stenosis, supporting the anti-atherogenic
effect of HDL cholesterol.

The monocyte/high-density lipoprotein ratio, a
marker obtained by dividing the serum level of monocyte
and HDL cholesterol, is an inflammatory indicator that
was recently identified. Used more commonly for
cardiovascular diseases initially, this marker was later
shown to be associated with cerebrovascular disease
and peripheral artery disease (9,11,26). In a recent
study, Bolayir et al. (11) showed that acute ischemic
stroke patients with high MHR on hospitalization had
higher mortality rates within 30 days. In the same study,
the results of the ROC curve analysis demonstrated
that the value of 17.5 was the cut-off value for 30-day
mortality (11). Yurtdas et al. (17) have shown that MHR
levels were higher in stenosis than 50% in asymptomatic
carotid artery stenosis. In this study, the MHR cut-off
point was determined as 11.0, with 75% sensitivity and
70% specificity based on 50% stenosis. In our study, the
MHR level was significantly higher in patients with 50%
and more symptomatic carotid stenosis. The MHR cut-
off point was calculated as 15.22 with 66% sensitivity

ROC Curve
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00 02 0,4 C'S 08 10
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Figure 3. Monocyte/high-density lipoprotein (HDL) ratio (MHR):

The receiver operating characteristic (ROC) curve analysis for
carotid artery stenosis
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and 58% specificity, demonstrating a relationship
between the degree of stenosis and MHR level.

Study Limitations

This was a case-control and retrospective study with
relatively few patients. The difference in the frequency
of comorbid chronic diseases (such as hypertension and
DM) between groups may affect the results. In addition,
the relationship between MHR and symptom time has
not been evaluated. Many factors affect monocyte and
HDL cholesterol levels. Although diseases affecting these
parameters were excluded, these parameters are also
influenced by many local and/or systemic processes.
Therefore, larger and multi-center studies are needed on
this subject. Despite these limitations, to our knowledge,
this is the first study to evaluate the MHR level in patients
with symptomatic carotid artery stenosis. In addition, risk
factors that may affect monocytes and HDL cholesterol
levels were excluded from the study.

Conclusion

Previous studies have shown that monocyte and
HDL cholesterol have direct and/or indirect effects on
the vascular system, especially through inflammatory
mechanisms. In our study, it was observed that HDL
cholesterol and MHR levels were lower in patients with
carotid artery stenosis. It was also demonstrated that
monocyte and MHR levels were higher in patients with
50% or more symptomatic carotid stenosis. MHR is a
predictive biomarker for the degree of symptomatic
stenosis in the carotid artery.
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