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Abstract 

Backround: Atherosclerosis is the major risk factor in the development of arterial diseases. Carotid artery stenosis is one of the 
arterial diseases that may cause stroke or cranial ischemic infarction. Relationship between atherosclerosis and inflammation 
was revealed in the literature. Various parameters are used to detect the inflammatory process. In this study we aimed to discuss 
the association between platelet-to-lymphocyte, neutrophil-to-lymphocyte, lymphocyte-to-monocyte, aspartate-to-alanine ami-
notransferase ratios and carotid artery stenosis in patients who underwent carotid artery stenting. 

Methods: Fifty-three patients who had carotid artery stenosis between 50%-70% and 53 healthy subjects with no carotid ar-
tery stenosis and additional chronically diseases were included to the study. Platelet-to-lymphocyte, neutrophil-to-lymphocyte, 
lymphocyte-to-monocyte, aspartate-to-alanine aminotransferase ratios were calculated and groups were compared in terms of 
these markers.

Results: Platelet-to-lymphocyte, neutrophil-to-lymphocyte and aspartate-to-alanine aminotransferase ratios were statistically 
significantly higher and lymphocyte-to-monocyte ratio was statistically significantly lower in patients with carotid artery ste-
nosis.

Conclusion: Novel parameters included platelet-to-lymphocyte, neutrophil-to-lymphocyte, lymphocyte-to-monocyte and as-
partate-to-alanine aminotransferase ratios are inexpensive, easy and reproducible methods in determining the prediction of 
carotid artery stenosis. 
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Introduction
Carotid Artery Stenosis (CAS) is a vascular disorder due to ath-
erosclerotic process in carotid arteries. Although patients with 
carotid artery stenosis can be symptom free for several years, 
it may lead to worse outcomes like ischemic stroke, transient 
ischemic attack or other neurological problems [1]. Early de-
tection, prevention and treatment of the disease are important 
because of its nature which may result in mortality and morbid-
ity. Different imaging modalities include Duplex Ultrasound 
(DUS), Computed Tomography Angiography (CTA) and Mag-
netic Resonance Angiography (MRA) are used for these pur-
poses [2]. Beside this, as the recent studies reveal the important 
role of the inflammation in the pathophysiological process of 
the atherosclerotic disease, novel laboratory parameters were 
started to be used in the early detection and the prediction of 
this course [3]. Platelet-to-lymphocyte (Plt/Lym), neutrophil-
to-lymphocyte (Neut/Lym), lymphocyte-to-monocyte (Lym/
Mono) and aspartate-to-alanine aminotransferase (AST/ALT) 

ratios are four of these novel markers for inflammation-asso-
ciated diseases [4-7]. In this study we aimed to evaluate these 
four parameters in patients with CAS who underwent carotid 
artery stenting.

Methods
Between January 2019 and January 2021, 53 patients who 
underwent carotid MRA and who has stenosis over 50% and 
under 70% in the right or left internal carotid arteries with 
neurological symptoms and to whom carotid artery stenting 
were performed, were included to this study. Control group 
was consisted of 53 healthy subjects with no CAS or additional 
diseases. Written informed consent was taken from all partici-
pants and the Clinical Ethics Committee of the institution ap-
proved this retrospective study protocol with the decision no 
2021-3339.
Decision of the carotid artery stenting was given in the council 
of the cardiovascular surgery and procedure was performed by 
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the department of interventional radiology. Patients were fol-
lowed in cardiovascular department after the procedure.  
Clinical data about the accompanied diseases such as Diabetes 
Mellitus (DM), Coronary Artery Disease (CAD), Cerebrovas-
cular Disease (CVD), Hypertension (HT), Peripheral Artery 
Disease (PAD) and Chronic Obstructive Pulmonary Disease 
(COPD) were recorded. Demographic data of the participants 
such as gender and age were also noted. All participants un-
derwent carotid Doppler ultrasound and carotid MRA was 
performed to the patients additionally. The degree of stenosis 
was evaluated according to the North American Symptomatic 
Carotid Endarterectomy Trial (NASCET) 2011 ASA/ACCF/
AHA/AANN/AANS/ACR/ASNR/CNS/SAIP/SCA Guideline 
on the Management of Patients with Extracranial Carotid and 
Vertebral Artery Disease Criteria [8].
Participants were divided into two; control group and patient 
group. Data from all patients were collected from hospital 
medical records.
Exclusion criteria were active infection, hematologic disease, 
chronic inflammatory or autoimmune diseases, any diagnosed 
cancer and renal failure.
Venous blood samples were obtained from participants for he-
mogram and biochemical analysis. Complete blood cell counts 
and automated differential counts were determined via an au-
tomated hematology analyzer (Cell-Dyn 3700, Abbott, Ger-
many) which provided total white blood cells count, platelet, 
neutrophil, lymphocyte, monocyte, eosinophil, and basophils 
counts/ ml. The baseline Plt/Lym, Neut/Lym and Lym/Mono 
ratios were calculated by dividing the absolute counts of these 
parameters. Aspartate and alanine aminotransferases were de-
termined via Cobas 8000, Roche, Germany and AST/ALT ratio 
was also calculated by dividing the absolute counts of these 
parameters. 

Statistical Analysis
Data were expressed as mean±Standard Deviation (SD) or 
percentage. Statistical analysis was performed using Graph-
Pad Instat version 3.05 (GraphPad 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. 
The Chi-square test was used for calculation of the significance 
of differences in gender. All statistical tests and p values were 
two-sided, and p<0.05 was considered statistically significant.
 
Results
Fifty-three patients with CAS and 53 healthy subjects were in-
cluded to the study. There were no marked differences in the 
terms of age and the gender between the groups (Table 1).

Table 1: Comparison of demographical parameters between 
patients with CAS and control group.

Parameters Controls 
(n=53) Patients (n=53) P value

Age (years)* 66.35±12.64 68.23±8.21 0.1817
Gender    

   Male (n, %) 34 (64.1) 37 (69.8) 0.4717
   Female (n, %) 19 (35.9) 16 (30.2) 0.3546

Plt/Lym, Neut/Lym, Lym/Mono and AST/ALT ratios between 
the groups were compared and Plt/Lym, Neut/Lym and AST/
ALT ratios are statistically significantly higher in patients than 
the  control group. However, Lym/Mono ratio was statistically 

significantly lower in patients than the control group (Table 2).

Table 2: Comparison of the results of the Plt/Lym, Neut/Lym, 
Lym/Mono and AST/ALT ratios between the gruops.

Para-
meter Groups N Mean SS sd T P
Plt/
Lym

Control 53 99.93 18.84    
Patient 53 135.34 38.18 41.1 -6.19 <0.001*

Neut/
Lym

Control 53 1.67 0.43    
Patient 53 2.6 0.84 0.96 -6.73 <0.001*

Lym/
Mono

Control 53 4.06 0.87    
Patient 53 2.7 0.51 0.97 -9.77 <0.001*

AST/
ALT

Control 53 0.91 0.18    
Patient 53 1.86 0.39 0.46 14.23 <0.001*

*p < 0.001
Plt: Platelet, Lym: Lymphocyte, Neut: Neutrophil, Mono: 
Monocyte
AST: Aspartate aminotransferase, ALT: Alanine aminotrans-
ferase

Discussion
Atherosclerosis is the most common underlying pathology of 
CAD, PAD and CVD. The main lesions in atherosclerosis are 
lipid deposition and fibrous matrix proliferation which develop 
into the formation of an atherosclerotic plaque that restricts 
blood flow and causes critical tissue hypoxia [9]. Several stud-
ies reveal the important role of the inflammation in all stages of 
the atherosclerotic process and atherosclerosis is usually con-
sidered a chronic inflammatory disease. Molecular and cellular 
pathways of inflammation promote atherosclerosis [10].
Several markers such as C-reactive protein, serum amyloid-
A, fibrinogen, tumor necrosis factor-alpha, interleukin-Ia and 
interleukin-6 are used for determination of the inflammation 
[11]. In addition to these markers Plt/Lym, Neut/Lym, Lym/
Mono and AST/ALT ratios are the recently introduced param-
eters used in detection of the inflammatory linked diseases [4-
7].   
Carotid artery stenosis is one of the diseases related with ath-
erosclerosis and associated with inflammation. It is a main 
cause of stroke and treatment modalities usually include carot-
id endarterectomy and carotid artery stenting. Despite variety 
of diagnostic techniques, novel biochemical parameters can be 
used in the prediction and prognosis of the disease [12].
Plt/Lym ratio is initially served as a systemic biomarker to pre-
dict the prognosis of inflammation related disorders. Although 
higher platelet or lower lymphocyte counts accepted as the re-
sponse to inflammatory stimuli, Plt/Lym ratio is more valuable 
than those alone in revealing inflammation [13]. Lymhopenia 
is usually detected in inflammatory states due to lymphocyte 
apoptosis. Thrombocytosis is also a common finding in inflam-
mation as a result of increased proliferation in megakaryocytic 
series [14]. Integration of these clinical manifestations ex-
plains the association of higher Plt/Lym ratio with inflamma-
tion. Massiot et al [12] suggested that high Plt/Lym ratio was 
positively correlated with the degree of internal carotid artery 
stenosis and was an independent predictor of stroke. Similarly, 
in our recent study, Plt/Lym ratio is statistically significantly 
higher in the patients with CAS, than control group. 
Neut/Lym ratio is a fast, easy and inexpensive method for eval-
uating inflammatory status and has been recently introduced 
biomarker for investigation of cardiovascular risk. Ratio of ab-
solute neutrophil count to absolute lymphocyte count is used 
for the calculation of this marker [15]. Hyun et al [16] sug-
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Conclusion
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