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ABSTRACT

Background: Atherosclerosis is a chronic disease
that leads to mortality and morbidity by affecting arterial
vascular structures. Carotid artery is one of these arte-
rial structures and occlusive disease of carotid artery may
cause stroke or cranial ischemic infarction. Inflammation
plays a role in the atherosclerotic process. In this study,
we aimed to discuss the relationship between the severity
and side of carotid artery occlusion and novel inflammatory
parameters include platelet-to-lymphocyte, neutrophil-to-
lymphocyte, lymphocyte-to-monocyte, and aspartate-to-
alanine aminotransferase ratios.

Methods: One-hundred-fifteen patients who had carotid
artery stenosis between 50%-99% and 115 healthy subjects
with no carotid artery stenosis or additional disease were
included in the study. The relationship between the side and
degree of the lesion and platelet-to-lymphocyte, neutrophil-
to-lymphocyte, lymphocyte-to-monocyte, and aspartate-to-
alanine aminotransferase ratios were studied in the patient
group. The patients with carotid artery stenosis and the
healthy subjects were compared, in the terms of same param-
eters. Data were evaluated statistically.

Results: There were no statistically significant differences
between the groups, in the terms of platelet-to-lymphocyte,
neutrophil-to-lymphocyte, lymphocyte-to-monocyte, and
aspartate-to-alanine aminotransferase ratios and the degree
of stenosis. There was no statistically significant difference
between the sides of the lesions and the parameters above
except lymphocyte-to-monocyte ratio. It was statistically
significantly higher in left-sided lesions. Aspartate-to-
alanine aminotransferase and neutrophil-to-lymphocyte
ratios were markedly higher in the patient group, when com-
pared to controls.

Conclusion:  Platelet-to-lymphocyte,  neutrophil-to-
lymphocyte, lymphocyte-to-monocyte, and aspartate-to-
alanine aminotransferase ratios are inexpensive, easy, fast, and
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reproducible parameters that can be used in determining the
prediction of carotid artery stenosis.

INTRODUCTION

Carotid artery stenosis (CAS) is one of the arterial occlu-
sive diseases that may enable mortality or morbidity, due to
cranial ischemic infarction and stroke. Atherosclerosis plays
a role in 90% of the cases [Varim 2016]. Atherosclerosis is
a chronic and systemic inflammatory disease and affects the
arterial intima [Tsiara 2003]. Inflammation is involved in
every stage of its process [Kristensen 1992].

Several markers related with inflammation include
C-reactive protein, white blood cells, interleukin-6, tumor
necrosis factor alpha, amyloid-a, homocysteine and fibrino-
gen; this is available in the literature [Chrysohoou 2004].
In addition to these indicators, platelet-to-lymphocyte (Plt/
Lym), neutrophil-to-lymphocyte (Neut/Lym), lymphocyte-
to-monocyte (Lym/Mono), and aspartate-to-alanine ami-
notransferase (AST/ALT) ratios are recently introduced
biochemical markers for inflammation-associated diseases
[Gasparyan 2019; Zhang 2020; Kim 2020; Yayla 2016].

Our study is unique, in terms of evaluation of these four
novel parameters in one study about carotid artery disease.
We aimed to discuss the relationship between the severity
and side of carotid artery occlusion and Plt/Lym, Neut/Lym,
Lym/Mono, and AST/ALT ratios.

MATERIALS AND METHODS

Between January 2014 and January 2019, 115 patients
who underwent carotid magnetic resonance angiography
(MRA) and who had stenosis over 50% and under 99%
in the right, left, or bilateral carotid arteries and 115
healthy subjects with no CAS or additional diseases were
included in this study. Written informed consent was taken
from all participants, and the Clinical Ethics Committee
of the institution approved this retrospective study pro-
tocol. Clinical data about the accompanied disease, such
as hypertension (HT), cerebrovascular disease (CVD),
diabetes mellitus (DM), coronary artery disease (CAD),
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Table 1. Comparison of demographical and biochemical parameters between patients with CAS and control group.

Parameters Controls (N = 115) Patients (N = 115) P
Age (years)* 66.34 + 12.53 68.21 + 8.19 .1817
Gender

Male (n, %) 77 (67.0) 83 (72.2)

Female (n, %) 38 (33.0) 32 (27.8) 4737
Platelet count (x 10°/mm?) 255.91 + 59.28 260.32 + 76.82 .6265
MPV (fl) 9.85+1.28 9.60 + 1.68 .2056
PCT (%) 0.25 +0.06 0.25 +0.08 9999
Lymphocytes (x 10°/mm?) 2.32 +0.61 2.40 £ 0.79 .3909
Monocytes (x 10°/mm?) 0.54 £0.15 0.66 +0.25 <.0001
Neutrophils (x 10°/mm?) 4.15 +1.17 5.35+1.42 <.0001
AST (IU/1) 17.50 £ 5.1 21.83 £ 9.66 <.0001
ALT (IU/1) 19.11 +7.33 21.30 + 12.25 1013
Platelets/Lymphocytes ratio 116.60 + 36.89 17.97 + 47.16 .8064
Neutrophils/Lymphocytes ratio 1.86 + 0.62 2.45 + 1.03 <.0001
Lymphocytes/Monocytes ratio 4.34 £ 1.09 4.07 £2.36 .2665
AST/ALT ratio 0.97 +£0.26 1.16 £ 0.42 <.0001

Comorbidity (n, %)
Hypertension -
Cerebrovascular Disease -
Diabetes Mellitus -
Coronary Artery Disease -
Peripheral Artery Disease -

Chronic Obstructive Pulmonary Disease -

54 (46.9%)
15 (13%)
16 (13.9%)
25 (21.7%)
12 (10.4%)
13 (11.3%)

*Data are mean+SD. MPV, mean platelet volume; AST, aspartate aminotransferase; ALT, alanine aminotransferase; PCT, plateletcrit. PCT is calculated according

to the following formula [Temel 2017]: PCT = platelet count x MPV /10 000.

peripheral arterial disease (PAD), and chronic obstructive
pulmonary disease (COPD) were recorded. Demographic
data of the participants, such as gender and age, also were
noted. All patients underwent carotid Doppler ultrasound
before MRA.

The degree of stenosis was evaluated, according to the
North American Symptomatic Carotid Endarterectomy Trial
(NASCET) 2011 ASA/ACCEF/AHA/AANN/AANS/ACR/
ASNR/CNS/SAIP/SCA Guideline on the Management of
Patients with Extracranial Carotid and Vertebral Artery Dis-
ease Criteria [Brott 2011].

Initially, groups were divided into two: control group
and patient group. Patients were divided into three sub-
groups, according to their degree of stenosis. Group 1 had
a stenosis between 50% to 69%, Group 2 had a stenosis
between 70% to 89%, and Group 3 had a stenosis between
90% to 99%.

Side of the lesion was also divided into three groups.
Side 1 was right-sided, Side 2 was left-sided, and Side 3 was
both-sided.

© 2021 Forum Multimedia Publishing, LLC

Data from all patients were collected from hospital medi-
cal records. Exclusion criteria were hematologic disease,
active infection, simultaneous carotid and valve surgery with
coronary artery bypass graft operation, chronic inflammatory
or autoimmune diseases and any diagnosed cancer.

Venous blood samples were obtained from patients for
hemogram and biochemical analysis. Complete blood cell
counts, and automated differential counts were determined
via an automated hematology analyzer (Cell-Dyn 3700,
Abbott, Germany), which provided total white blood cell,
platelet, neutrophil, lymphocyte, monocyte, eosinophil,
and basophils counts/ml. The baseline Plt/Lym, Neut/Lym
and Lym/Mono ratios were calculated by dividing the abso-
lute counts of these parameters. Aspartate and alanine ami-
notransferases were determined via Cobas 8000 (Roche,
Germany), and AST/ALT ratio was calculated by dividing the
absolute counts of these parameters.

Statistical analysis: Data were expressed as meanzstandard
deviation (SD) or percentage. Statistical analysis was per-
formed using GraphPad Instat version 3.05 (GraphPad
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Figure 1. Comparison of Plt/Lym, Neut/Lym, Lym/Mono and AST/
ALT ratios and degree of CAS.

Software Inc., San Diego, CA, USA). For comparisons of the
differences between mean values of two groups, the unpaired
Student’s t test was used. For comparisons of the differences
between mean values of three groups, the one-way ANOVA
test followed by Student-Newman-Keuls test was used. The
Chi-square test was used for calculation of the significance of
differences in gender. The Pearson’s test was used to identify
the correlations. All statistical tests and P values were two-
sided, and P < .05 was considered statistically significant.

RESULTS

One hundred fifteen patients with CAS and 115 healthy
subjects were included in this study. There were no marked
differences in age, gender, platelet count, MPV, PCT, lym-
phocyte count, and ALT between the groups (Table 1).

Initially, patients were divided into three groups, accord-
ing to the degree of stenosis. There were no statistically sig-
nificant differences between the groups, in the terms of Plt/
Lym, Neut/Lym, Lym/Mono, and AST/ALT ratios and the
degree of stenosis (P > .05 for all) (Figure 1).

Similarly, side of the stenosis was divided into three groups
and compared in the terms of Plt/Lym, Neut/Lym, Lym/Mono,
and AST/ALT ratios (Figure 2). According to the results, there
was no statistically significant difference except Lym/Mono
ratio. Lym/Mono ratio was statistically significantly higher in
left-sided lesions than right-sided lesions (P < .05).

Afterward, patient and control groups were compared in
the subject of demographical and biochemical parameters as
shown in Table 1. We observed that monocyte, neutrophil
counts, and AST value were also significantly higher in the
patient group (P < .0001). We also detected that AST/ALT,
and Neut/Lym ratios were markedly higher in the patient
group, when compared with controls (P < .0001).

Correlations between ratios and biochemical parameters
in patients with CAS also were compared and results were
given in Table 2. There were positive correlations between
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Figure 2. Comparison of Plt/Lym, Neut/Lym, Lym/Mono, and AST/
ALT ratios and side of CAS. Side 1: Left-sided; Side 2: Right-sided; Side
3: Left- and right-sided, *P < .05

PCT, PlvLym ratio, Lym/Mono ratio, and platelet count.
Positive correlations were also detected between MPV and
PCT. However, there was a negative correlation between
MPYV and Lym/Mono ratio. We noted positive correlations
between PCT, Lym/Mono ratio, and lymphocyte count.
However, negative correlations were observed between Plt/
Lym, Neut/Lym, AST/ALT ratios, and lymphocyte count.
There was a positive correlation between monocyte count
and PCT. However, there were negative correlations between
Plt/Lym, Lym/Mono ratios, and monocyte count. We also
observed positive correlations between PCT, Neut/Lym
ratio, and neutrophil count (Table 2).

Atherosclerosis is a systemic inflammatory clinical situa-
tion that leads to vascular disorder, involving multiple arte-
rial structures. Carotid artery disease is one of the progressive
disorders caused by atherosclerosis. Later stage of atherogen-
esis related to inflammation, endothelial dysfunction, oxida-
tive stress, and smooth muscle cell proliferation play a role in
carotid plaque formation [Steinvil 2011; Inaba 2012].

The role of the inflammation at every phase of atheroscle-
rotic course was detected in the literature. T lymphocytes,
immunoglobulin molecules, presence of antigen-antibody
complex, and plasma cells found in the structure of the ath-
eroma plaque suggest the importance of the inflammation in
the development and progression of atherosclerosis, accord-
ing to the histological studies [Kaplan 2011].

Various inflammatory markers are defined as predictors of
inflammation and cardiovascular risk in several studies; these
markers include proinflammatory cytokines (interleukin-1,
interleukin-6, tumor necrosis factor alpha), oxidized low-
density lipoproteins, adhesion molecules (intercellular adhe-
sion molecule-1, selectins), acute phase reactants (C-reactive
protein, fibrinogen, serum amyloid-A), white blood cells,
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Table 2. Correlations between ratios and biochemical parameters in patients with CAS

Parameters Correlation coefficient (r) Coefficient of determination (r?) P
Platelet count «» PCT 0.8263 0.6828 <.0001
Platelet count <> Plt/Lymratio 0.3857 0.1488 <.0001
Platelet count <> Neut/Lymratio -0.1194 0.0143 .2038
Platelet count <> Lym/Mono ratio 0.3146 0.0989 .0006
Platelet count <> AST /ALT ratio 0.0097 9.493x10° 9177
MPV < PCT 0.3706 0.1373 <.0001
MPV > Plt/Lymratio -0.1446 0.0209 1231
MPV <> Neut/Lymratio 0.0117 0.0001 9012
MPV > Lym/Mono ratio -0.3086 0.0953 .0008
MPV <> AST /ALT ratio -0.0220 0.0005 .8155
Lymphocytes <> PCT 0.3135 0.0983 .0006
Lymphocytes < Plt/Lymratio -0.6225 0.3875 <.0001
Lymphocytes <> Neut/Lymratio -0.6635 0.4403 <.0001
Lymphocytes <> Lym,/Mono ratio 0.4406 0.1941 <.0001
Lymphocytes <> AST /ALT ratio -0.1848 0.0342 .0480
Monocytes <> PCT 0.2849 0.0812 .0020
Monocytes < PIt/Lymratio -0.2520 0.0635 .0066
Monocytes <> Neut/Lymratio -0.0556 0.0031 .5549
Monocytes <> Lym/Mono ratio -0.4985 0.2485 <.0001
Monocytes <> AST /ALT ratio -0.1337 0.0179 1542
Neutrophils <> PCT 0.3287 0.1081 .0003
Neutrophils <> Plt/Lymratio -0.0405 0.0016 .6673
Neutrophils <> Neut/Lymratio 0.4115 0.1694 <.0001
Neutrophils < Lym,/Mono ratio -0.0556 0.0031 .5549
Neutrophils <> AST /ALT ratio -0.1397 0.0195 1364

MPV, mean platelet volume; AST, aspartate aminotransferase; ALT, alanine aminotransferase; PCT, plateletcrit; Neut/Lym, neutrophils/lymphocytes; Plt/Lym,

platelets /lymphocytes; Lym/Mono, lymphocytes/monocytes

and erythrocyte sedimentation rate [Pearson 2003]. In addi-
tion to these markers, Plt/Lym, Neut/Lym, Lym/Mono, and
AST/ALT ratios are novel biomarkers used as indicators
of inflammation [Gasparyan 2019; Zhang 2020; Kim 2020;
Yayla 2016].

Several previous studies have evaluated the association
between white blood cells and their subtypes and presence
and prognosis of atherosclerotic process. One of its sub-
types, lymphocytes are responsible for humoral and cellular
immunity. Inflammation increases the lymphocyte apoptosis
and lower lymphocyte counts are correlated with untoward
events, in terms of vascular diseases [Gong 2018].

Neut/Lym ratio is an easy, fast, and inexpensive method
for assessing inflammatory status and recently has been intro-
duced as a biomarker for investigation of cardiovascular risk.

© 2021 Forum Multimedia Publishing, LLC

Ratio of absolute neutrophil count to absolute lymphocyte
count is the calculation method of this marker [Forget 2017].
Balta et al investigated the relation between atherosclerosis
and Neut/Lym ratio and declared that Neut/Lym ratio can
be affected by atherosclerotic risk factors, such as hyperten-
sion, diabetes mellitus, hypercholesterolemia, and metabolic
syndrome; moreover, it also can be used in the prediction of
mortality in cardiovascular diseases [Balta 2016]. Similarly,
Kaya et al found correlation between Neut/Lym ratio and
severity of coronary artery disease [Kaya 2014]. According
to the study designed by Hyun et al in patients with ischemic
stroke, it was shown that higher Neut/Lym ratios can be used
in prediction of carotid stenosis. Association between Neut/
Lym ratio and carotid artery intima-media thickening was
determined in that study [Hyun 2015]. Clinical significance
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of higher Neut/Lym ratio values and internal carotid artery
stenosis also was emphasized by Massiot et al [Massiot 2019].
Koklii et al found that the neutrophil count and Neut/Lym
ratio were higher in the symptomatic patients than those in
the asymptomatic patients with intermediate CAS. They
concluded that Neut/Lym ratio can be used as a predictor
of stroke risk associated with carotid artery plaques, causing
intermediate stenosis [Koklu 2016]. There is evidence that
Neut/Lym ratio is increased in the presence of non-calcified
carotid artery plaques that cause asymptomatic intermediate
CAS [Yuksel 2016]. It has been shown that Neut/Lym ratio
was found higher in patients with severe CAS and was posi-
tively correlated with the degree of stenosis [Deser 2019].
In our study, Neut/Lym values also were statistically signifi-
cantly higher in patients with carotid artery stenosis than
in the control group (P < .0001), but there was no statisti-
cally significant difference in the side of lesion, according to
this parameter.

AST/ALT ratio, known as De-Ritis ratio, is an easily appli-
cable, fast and inexpensive blood test that was introduced to
evaluate inflammatory status and vascular events. Ratio of
absolute AST count to absolute ALT count is the calcula-
tion method of this marker [Rief 2016]. Relation between
AST/ALT ratio and cardiovascular disease was studied by
Yokoyama et al, and it was detected that superior increase in
AST/ALT ratio was an independent predictor of all-cause and
cardiovascular mortality [Yokoyama 2016]. Elevated AST/
ALT ratio and its association with metabolic syndrome that
leads to cardiovascular events were demonstrated by Yadav et
al [Yadav 2016]. Similarly, a study designed by Steininger et al
showed that increased AST/ALT ratio was associated with a
worse outcome after acute myocardial infarction [Steininger
2018]. Hoke et al emphasized that De-Ritis ratio could be
used in risk scoring to predict outcomes after carotid artery
stenting [Hoke 2012]. In accordance with the literature, AST/
ALT ratio is statistically significantly higher in patients with
carotid artery stenosis than the control group in our study
(P <.0001), but there was no statistically significant difference
in the side of lesion, according to this parameter.

Lym/Mono has been found to be a novel systemic inflam-
mation marker, which is reproducible and widely available in
clinical praxis. Ratio of absolute lymphocyte count to abso-
lute monocyte count is the calculation method of this marker.
Moreover, a high monocyte count was found to be associ-
ated with an increase in carotid intima media thickness that
reflects atherosclerotic activity alone [Ganda 2013]. In a study
conducted by Gong et al, it was shown that decreased Lym/
Mono ratio were responsible for the adverse outcomes in
peripheral arterial occlusive disease [Gong 2018]. Gary et al
revealed that decreased Lym/Mono ratio is a risk factor for
critical limb ischemia and other vascular peripheral arterial
occlusive diseases. The patients who had a transient isch-
emic attack, due to carotid artery stenosis, had significantly
lower Lym/Mono ratios than the control group [Gary 2014].
Similarly, Kurtul et al declared relevance between low Lym/
Mono ratios and no-reflow phenomenon after primary per-
cutaneous coronary intervention for ST-elevated myocardial
infarction [Kurtul 2015]. According to Demir et al, lower
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Lym/Mono ratios are useful indicators for metabolic syn-
drome that includes atherosclerosis in vascular arterial struc-
tures [Demir 2017]. In a pilot study designed by Switonska et
al, it was suggested that lower Lym/Mono ratios are associ-
ated with increased severity of stroke [Switonska 2019]. Our
study revealed lower but not significant values of Lym/Mono
ratios in the carotid artery disease group than the control
group (P < .26). In addition, Lym/Mono ratio was found to
be statistically significantly higher in left-sided lesions than
right-sided lesions, according to our study.

Platelets’ role in the initiation of atherosclerotic process
has been defined in various studies. Platelets release sev-
eral mediators, such as platelet activating factor, serotonin,
thromboxane A2, platelet derived growth factor and adenos-
ine diphosphate that increase platelet aggregation and acti-
vation. They also stimulate chemotaxis for inflammatory
cells and fibroblasts and growth of vascular smooth muscle
[Thaulow 1991; Nicolsky 2007]. We found positive corre-
lations between PCT, Plt/Lym ratio, Lym/Mono ratio, and
platelet count.

Plt/Lym ratio is a broadly available and cheap marker that
can be used in assessment of inflammation and atherosclero-
sis. Ratio of absolute platelet count to absolute lymphocyte
count is the calculation method of this marker. Its relations
with severity and complexity of coronary artery disease in
patients with acute coronary syndromes was studied, and
increased levels of Plt/Lym ratio was found in association
with worse outcomes in those patients [Kurtul 2014]. Akboga
et al revealed similar results in patients with stable coro-
nary artery disease. It was declared that Plt/Lym ratio was
independently and positively associated with the severity of
the coronary atherosclerosis [Akboga 2016]. Sari et al men-
tioned in their study that patients with abnormal coronary
angiography results had higher Plt/Lym ratios than patients
with normal coronary angiography results. Moreover, it is
also correlated with severity of coronary artery disease [Sari
2015]. Similarly, Yuksel et al compared the values of Plt/Lym
ratio between the patients with severe atherosclerosis, mild
atherosclerosis, and control groups and revealed that mean
Plt/Lym ratio of the severe atherosclerotic group was sig-
nificantly higher than those two [Yuksel 2016]. Massiot et al
mentioned about the relationship between the high PLR and
symptomatic internal carotid artery severity [Massiot 2019].
Bonaventura et al suggested that PLR can be used in predic-
tion of acute coronary syndrome development at 18-month
follow up after carotid endarterectomy patients with severe
carotid artery atherosclerosis [Bonaventura 2020]. Soylu et al
concluded that increased platelet-to-lymphocyte ratio could
be a marker of the clinical course in patients with carotid
arterial stenosis [Soylu 2017]. According to our study, PLR
is higher in the group of patients with carotid artery dis-
ease than the control group, but there was no statistically
significant difference in the side of lesion according to this
parameter. We also found positive (platelet count) and nega-
tive (lymphocyte, monocyte counts) correlations with Plt/
Lym ratio.
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Plt/Lym, Neut/Lym, AST/ALT, and Lym/Mono ratios
are fast, easy, inexpensive, and reproducible parameters that
can be used in determining the prediction of carotid artery
stenosis. We reached this conclusion using a retrospective
study. Larger prospective and multicenter studies must be
performed to explain the relationship between the CAS and
these parameters.
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