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The cerebrovascular attack is the most common, 
life-threatening neurological disorder. It ranks 3rd 

as a cause of death after heart disease and cancer, and 
1st in terms of morbidity [1]. Inflammation is very sig-
nificant in the pathogenesis of both hemorrhagic and 
ischemic stroke. Endothelial activation, disruption of 
the blood-brain barrier, leukocyte infiltration, and large 
amount of accumulation of oxidant and inflammatory 
mediators occur rapidly within hours and lead to sec-
ondary brain damage [2–5].

Erythrocyte sedimentation rate (ESR) and C-re-
active protein (CRP) are the most commonly used in-
flammatory markers in recent studies [6, 7]. Decreased 
high-density lipoprotein cholesterol (HDL-C) levels 
and increased monocyte counts are other markers of 
inflammation. Monocyte-to-HDL-C ratio (MHR), 
neutrophil-to-lymphocyte ratio (NLR), and plate-
let-to-lymphocyte ratio (PLR) have been proposed as 
new inflammatory biomarkers [4, 5, 8, 9]. Hence, the 
aim is to investigate ESR, CRP, MHR, NLR, PLR, and 
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Mean platelet volume (MPV) levels and their relation-
ship with the degree of stenosis in ischemic stroke pa-
tients with carotid artery stenosis.

MATERIALS AND METHODS

Our study which is a retrospective case-control study con-
sists of 70 newly diagnosed ischemic stroke patients with 
carotid artery stenosis and 70 age- and gender-matched 
healthy controls. We screened the medical results of the 
patients who were diagnosed with acute ischemic stroke 
retrospectively. The patients who consulted our emer-
gency department within the first 24 h following the 
onset of symptoms were investigated, and only the pa-
tients with available routine venous blood samples were 
included in the study. Myocardial infarction, congestive 
heart failure, heart valve disease, infections, autoimmune 
diseases, malignancies, atrial fibrillation, and pregnancy/
puerperium were the exclusion criteria. Doppler carotid 
ultrasonography monitoring was performed in all pa-
tients. Patients were divided into two groups according 
to the degree of carotid artery stenosis. The degree of ca-
rotid stenosis was <50% in Stenosis I group and it was 
50% and above in Stenosis II group.

With the usage of the National Institutes of Health 
Stroke Scale (NIHSS), clinical severity was evaluat-
ed. A control group among healthy people was select-
ed. Laboratory analyses include serum hemogram and 
full biochemistry profiles including study parameters, 
which were measured with automated standard labora-
tory methods. Hematological test samples were collect-
ed in tubes with EDTA and biochemical tests into dry 
tubes. An automated hematology analyzer XE-1200 
(Sysmex, Kobe, Japan) was used for each blood count 
measurement. A computerized database was used to 
receive laboratory data. The results of the groups were 
compared. The MHR, NLR, and PLR values were cal-
culated to make a comparison between the patients and 
the healthy groups.

Ethical approval for this study was obtained from the 
Istanbul Training and Research Hospital Clinical Re-
search Ethics Committee with the date August 03, 2018, 
and number 1377. The study was performed by the prin-
ciples of the Declaration of Helsinki.

Statistical Analysis
Mean, standard deviation, median, lowest-highest 
values, frequencies, and ratio values were used in 

the descriptive analysis of the data. The distribution 
of variables was measured using the Kolmogorov–
Smirnov test. Independent samples t-test and Mann–
Whitney U test were used in the analysis of inde-
pendent quantitative data. The Chi-square test was 
used to analyze qualitative independent data, and the 
Fischer’s exact test was used when Chi-square test 
conditions were not seen. In the correlation analy-
sis, Spearman’s correlation analysis was used. The 
effect level and cutoff value were investigated using 
the ROC curve. The effect level was investigated by 
univariate and multivariate logistic regression. SPSS 
22.0 program was used in the analysis (Version 22, 
Chicago, IL, USA).

RESULTS

There was no difference between patients and group con-
trols in terms of age and gender distribution (p>0.05). In 
the patient group, white blood cell (WBC), neutrophil, 
monocyte, MPV, CRP, sedimentation, MHR, PLR, and 
NLR values were significantly higher than the control 
group (p<0.05). In the patient group, PLT, lymphocyte, 
and HDL values were significantly lower than in the con-
trol group (p<0.05).

The demographic properties, laboratory findings of 
the patients, and controls are presented in Table 1.

There was no significant difference between the age 
and gender distribution of patients in the Stenosis I and 
Stenosis II groups (p>0.05).

In the Stenosis I and Stenosis II groups, PLT, mono-
cyte, HDL, WBC, neutrophil, MPV, CRP, sedimenta-
tion, MHR, PLR, and NLR values were not different 
significantly (p>0.05) (Table 2).

There was no significant correlation between the pre-
sentation NIHSS value and WBC, PLT, neutrophil, 
lymphocyte, monocyte, MPV, HDL, and sedimentation 
values (p>0.05). There was a significant correlation be-
tween the presentation NIHSS value and CRP, PLR, 
and NLR values (p<0.05) (Table 3).

Highlight key points

• Stroke is the second leading cause of death in the world.

• Various inflammatory parameters from routine blood tests 
can give information about cerebrovascular diseases.

• The inflammatory biomarkers were significantly higher in 
patients with ischemic stroke.
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DISCUSSION

Lymphocytes-mononuclear cells are the major inflam-
matory units in the body and they have a role in the 
formation of carotid atherosclerotic plaque and carot-
id artery stenosis. The prolonged inflammatory process 
causes the development and formation of carotid artery 
stenosis [7]. There is a severe and negative correlation 
between high-density lipoprotein (HDL) cholester-
ol and atherosclerosis. HDL leads to the inhibition of 
cytokine-induced expression of inflammatory adhesion 
molecules in endothelial cells, inhibiting monocyte and 
endothelium connection [10, 11]. Besides its antiathero-
sclerotic effects, it is stated that HDL avoids monocyte 
activation. It has been shown that activated monocytes 
can be inhibited by HDL and HDL declines CD11b 
expression dose-dependency and leads to the activation 
of primary human monocytes [12]. The monocyte-to-
HDL ratio which is a marker obtained by dividing the 
serum level of monocyte count to HDL cholesterol level 
is an inflammatory marker that was recently recognized. 
Some studies on the MHR have shown the role of this 
ratio in anticipating inflammation [13, 14]. The MHR 

is a poor prognosis for cardiovascular mortality and it 
is an independent predictor of cardiovascular diseases in 
chronic renal failure [9]. In a study, it was determined 
that the MHR level was significantly higher in patients 
with symptomatic carotid stenosis of 50% or more [15]. 
However, in our study, no significant correlation was 
found between carotid stenosis level and MHR.

Although there are many studies on the effectiveness 
of inflammation in atherosclerosis and ischemia, there 
are few studies to state that there is a significant relation-
ship between NLR and acute stroke notably [4, 16, 17]. 
In a study by Tokgoz et al. [4], NLR is found to be asso-
ciated with short-term mortality in acute stroke patients. 
In their study, they found that short-term mortality sen-
sitivity and specificity were 83.1% and 62%, respectively, 
when NLR was higher than five, and there was a pos-
itive relation between NLR and NIHSS scores. NLR 
increase has been declared to be significant in patients 
who died [16]. In another study, it was determined, high-
er NLR is associated with embolic stroke in non-valvular 
AF patients [17]. In our study, it was found that there 
was an important relationship between the presentation 
NIHSS value and CRP, PLR, and NLR values.

   Control group   Patient group  p

  AVG±SD n–% Median AVG±SD n–% Median

Age 66.1±9.2  65.5 67.7±10.9  66.5 0.442
Gender       0.160
 Female  30–42.9   22–31.4
 Male  40–57.1   48–68.6
WBC 6.9±1.8  6.8 8.8±2.9  8.0 0.000
PLT (×104) 24.6±4.5  24.5 24.1±10.0  21.6 0.033
Neutrophil 4.0±1.0  4.1 5.7±2.6  4.9 0.000
Lymphocyte 2.6±0.6  2.4 2.1±1.2  1.9 0.000
Monocyte 0.5±0.2  0.5 0.7±0.2  0.7 0.000
MPV 9.7±0.7  9.5 10.7±0.8  10.7 0.000
HDL 52.5±14.2  49.5 38.0±9.4  38.0 0.000
CRP 0.34±0.12  0.35 1.46±1.84  0.66 0.000
MHR 1.07±0.50  1.01 1.91±0.95  1.74 0.000
PLR 1.00±0.30  1.00 1.46±0.97  1.22 0.010
NLR 1.64±0.55  1.44 3.86±4.02  2.50 0.000
Sedimentation 19.8±8.2  20.0 31.8±20.5  29.0 0.000
tt test/mMann–Whitney u test/X² Chisq Chi-square; AVG: Average; SD: Standard deviation; WBC: White blood cell; MPV: Mean platelet volume; HDL: High-density lipoprotein; 
CRP: High sensitivity C-reactive protein; MHR: Monocyte-to-high-density lipoprotein ratio; PLR: Platelet-to-lymphocyte ratio; NLR: Neutrophil-to-lymphocyte ratio.

Table 1. Comparison of demographic and laboratory findings of the patient and control groups
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   Stenosis I   Stenosis II  p

  AVG±SD n–% Median AVG±SD n–% Median

Age 65.5±11.2  61.0 68.1±10.9  68.0 0.419
Gender       0.701
 Female  4–36.4   18–30.5
 Male  7–63.6   41–69.5
WBC 9.6±2.8  9.4 8.6±3.0  7.9 0.255
PLT (x104) 23.8±7.8  21.9 24.2±10.4  21.5 0.936
Neutrophil 5.6±2.0  5.0 5.7±2.7  4.9 0.747
Lymphocyte 2.5±0.8  2.4 2.0±1.3  1.8 0.029
Monocyte 0.8±0.2  0.7 0.7±0.2  0.6 0.074
MPV 11.0±1.3  11.0 10.7±0.7  10.6 0.336
HDL 37.6±10.9  38.0 38.1±9.2  38.0 0.916
CRP 1.3±1.3  0.5 1.5±1.9  0.7 0.529
Sedimentation 31.1±13.9  36.0 32.0±21.6  28.0 0.716
Monocyte/HDL x100 2.3±1.3  1.7 1.8±0.9  1.8 0.223
PLR 1.1±0.9  0.9 1.5±1.0  1.3 0.112
NLR 2.7±2.2  2.0 4.1±4.3  2.8 0.112
mMann–Whitney u test/X² Chi-square test; AVG: Average; SD: Standard deviation; WBC: White blood cell; MPV: Mean platelet volume; HDL: High-density lipoprotein; CRP: 
High sensitivity; C-reactive protein; ESR: Erythrocyte sedimentation rate; PLR: Platelet-to-lymphocyte ratio; NLR: Neutrophil-to-lymphocyte ratio.

Table 2. Evaluation of the relationship between the degree of stenosis and laboratory parameters in the patient group

  WBC PLT (×104) Neutrophil  Lymphocyte Monocyte

Presentation NIHSS
 r 0.128 0.184 0.228 -0.202 -0.049
 p 0.291 0.127 0.057 0.093 0.690

  MPV Cholesterol Triglyceride HDL LDL

Presentation NIHSS
 r -0.020 -0.094 -0.138 -0.193 -0.086
 p 0.867 0.438 0.253 0.109 0.479

  CRP PLR NLR Sedimentation MHR

Presentation NIHSS
 r 0.277 0.247 0.275 0.161 0.089
 p 0.020 0.039 0.021 0.183 0.464

Spearman Correlation. NIHSS: National Institutes of Health Stroke Scale; WBC: White blood cell; PLT: Platelet; MPV: Mean platelet volume; HDL: High-density 
lipoprotein; LDL; Low-density lipoprotein; CRP: High sensitivity C-reactive protein; MHR: Monocyte-to-high-density lipoprotein ratio; PLR: Platelet-to-lymphocyte ratio; 
NLR: Neutrophil-to-lymphocyte ratio.

Table 3. Evaluation of the relationship between presentation NIHSS scores and laboratory parameters
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The platelets play significant roles in atherosclerosis, 
and the relationship between MPV, which is a platelet 
activation marker, and the rate of stenosis in the carotid 
artery was displayed [18]. Some studies investigate the 
severity of carotid artery disease and the development of 
symptoms, and predict the development of stroke using 
the PLR value [19, 20]. As et al. [20] found that high 
PLR and NLR values revealed in asymptomatic patients 
with stenosis of 50% or more in the carotid arteries are 
independent predictors of symptom development.

The previous studies relating CRP level to carotid ste-
nosis have demonstrated conflicting findings. Huang et 
al. [21] suggested that CRP was associated with asymp-
tomatic carotid artery stenosis, especially in older patients. 
However, the Framingham heart Study showed that CRP 
was positively associated with internal carotid artery in-
tima-media thickness, but not with carotid stenosis [22]. 
Puz et al. [23] found a relation between the activity of in-
flammatory markers and atherosclerotic unstable internal 
carotid artery stenosis. However, they claimed that there 
is no relationship between the serum concentration of in-
flammatory markers and the degree of carotid artery ste-
nosis which is consistent with our results.

Our study had some limitations as it was a retro-
spective and non-randomized study with a relative-
ly small number of participants. Differences in the 
frequency of comorbid chronic diseases (such as hy-
pertension, which is a risk factor for stroke) between 
groups may affect the results. Patients with stenosis be-
low 50% could not be categorized separately because of 
the small number of participants.

Conclusion
We have shown that the inflammatory biomarkers were 
significantly higher in patients with ischemic stroke 
when compared to the control group. However, there 
was no significant correlation between the degree of ca-
rotid stenosis and inflammatory markers. Hence, they 
should neither be used to predict the degree of carotid 
artery stenosis.

Ethics Committee Approval: The Istanbul Training and Research 
Hospital Clinical Research Ethics Committee granted approval for this 
study (date: 03.08.2018, number: 1377).

Conflict of Interest: No conflict of interest was declared by the 
authors. 

Financial Disclosure: The authors declared that this study has re-
ceived no financial support.

Authorship Contributions: Concept – AT; Design – AY; Supervi-
sion – ABD; Fundings – ABD; Materials – ABD; Data collection and/
or processing – AT; Analysis and/or interpretation – AY; Literature 
review – AY; Writing – AT; Critical review – AY.

REFERENCES

1. Brandstater ME. Stroke rehabilitation. In: DeLisa JA, Gans BM, eds. 
Rehabilitation Medicine. 3rd ed. Philadelphia: Lippincott-Raven Pub-
lishers; 1998. p. 1165–89.

2. Ishikawa M, Zhang JH, Nanda A, Granger DN. Inflammatory re-
sponses to ischemia and reperfusion in the cerebral microcirculation. 
Front Biosci 2004;9:1339–47. [CrossRef ]

3. Bartus RT, Dean RL, Cavanaugh K, Eveleth D, Carriero DL, Lynch G. 
Time-related neuronal changes following middle cerebral artery occlu-
sion: Implications for therapeutic intervention and the role of calpain. J 
Cereb Blood Flow Metab 1995;15:969–79. [CrossRef ]

4. Tokgoz S, Kayrak M, Akpinar Z, Seyithanoğlu A, Güney F, Yürüten B. 
Neutrophil lymphocyte ratio as a predictor of stroke. J Stroke Cerebro-
vasc Dis 2013;22:1169–74. [CrossRef ]

5. Lattanzi S, Cagnetti C, Provinciali L, Silvestrini M. Neutrophil-to-lym-
phocyte ratio and neurological deterioration following acute cerebral 
hemorrhage. Oncotarget 2017;8:57489–94. [CrossRef ]

6. Nagai M, Terao S, Yilmaz G, Yilmaz CE, Esmon CT, Watanabe E, et 
al. Roles of inflammation and the activated protein C pathway in the 
brain edema associated with cerebral venous sinus thrombosis. Stroke 
2010;41:147–52. [CrossRef ]

7. Ammirati E, Moroni F, Norata GD, Magnoni M, Camici PG. Mark-
ers of inflammation associated with plaque progression and insta-
bility in patients with carotid atherosclerosis. Mediators Inflamm 
2015;2015:718329. [CrossRef ]

8. Çiçek G, Kundi H, Bozbay M, Yayla C, Uyarel H. The relationship be-
tween admission monocyte HDL-C ratio with short-term and long-
term mortality among STEMI patients treated with successful primary 
PCI. Coron Artery Dis 2016;27:176–84. [CrossRef ]

9. Kanbay M, Solak Y, Unal HU, Kurt YG, Gok M, Cetinkaya H, et al. 
Monocyte count/HDL cholesterol ratio and cardiovascular events in 
patients with chronic kidney disease. Int Urol Nephrol 2014;46:1619–
25. [CrossRef ]

10. Cockerill GW, Rye KA, Gamble JR, Vadas MA, Barter PJ. 
High-density lipoproteins inhibit cytokine and cytokine-induced 
endothelial cell adhesion molecules. Arterioscler Thromb Vasc Biol 
1995;15:1987–94. [CrossRef ]

11. Castelli WP, Garrison RJ, Wilson PW, Abbott RD, Kalousdian S, Kan-
nel WB. Incidence of coronary heart disease and lipoprotein cholesterol 
levels. The Framingham Study. JAMA 1986;256:2835–8. [CrossRef ]

12. Murphy AJ, Woollard KJ, Hoang A, Mukhamedova N, Stirzaker RA, 
McCormick SP, et al. High-density lipoprotein reduces the human 
monocyte inflammatory response. Arterioscler Thromb Vasc Biol 
2008;28:2071–7. [CrossRef ]

13. Rezende SM, Lijfering WM, Rosendaal FR, Cannegieter SC. Hemato-
logic variables and venous thrombosis: red cell distribution width and 
blood monocyte count are associated with an increased risk. Haemato-
logica 2014;99:194–200. [CrossRef ]

14. Efe TH, Arslan ED, Ertem AG, Yayla Ç, Felekoğlu MA, İnci S, et al. 
The prognostic of the monocyte/HDL ratio in predicting short-term 
mortality in patients with acute pulmonary embolism. [Article in Turk-
ish]. Kosuyolu Heart J 2016;19:149–53. [CrossRef ]

https://doi.org/10.2741/1330
https://doi.org/10.1038/jcbfm.1995.123
https://doi.org/10.1016/j.jstrokecerebrovasdis.2013.01.011
https://doi.org/10.18632/oncotarget.15423
https://doi.org/10.1161/STROKEAHA.109.562983
https://doi.org/10.1155/2015/718329
https://doi.org/10.1097/MCA.0000000000000343
https://doi.org/10.1007/s11255-014-0730-1
https://doi.org/10.1161/01.ATV.15.11.1987
https://doi.org/10.1001/jama.1986.03380200073024
https://doi.org/10.1161/ATVBAHA.108.168690
https://doi.org/10.3324/haematol.2013.083840
https://doi.org/10.5578/khj.23104


Tekesin et al., Inflammatory biomarkers in ischemic stroke patients 789 

15. Eren F, Yildogan AT, Ongun G, Ozdemir G, Ozturk S. Monocyte/high 
density lipoprotein ratio in patients with symptomatic carotid artery 
stenosis and its relationship with stenosis degree. Med Bull Haseki 
2022;60:13–9. [CrossRef ]

16. Celikbilek A, Ismailogullari S, Zararsiz G. Neutrophil to lymphocyte 
ratio predicts poor prognosis in ischemic cerebrovascular disease. J Clin 
Lab Anal 2014;28:27–31. [CrossRef ]

17. Ertaş G, Sönmez O, Turfan M, Kul S, Erdoğan E, Tasal A, et al. Neu-
trophil/lymphocyte ratio is associated with thromboembolic stroke in 
patients with non-valvular atrial fibrillation. J Neurol Sci 2013;324:49–
52. [CrossRef ]

18. Arévalo-Lorido JC, Carretero-Gómez J, Villar-Vaca P. Mean platelet 
volume predicting carotid atherosclerosis in atherothrombotic ischemic 
stroke. Ir J Med Sci 2012;181:179–83. [CrossRef ]

19. İdil Soylu A, Arıkan Cortcu S, Uzunkaya F, Atalay YO, Bekçi T, 

Güngör L, et al. The correlation of the platelet-to-lymphocyte ratio 
with the severity of stenosis and stroke in patients with carotid arterial 
disease. Vascular 2017;25:299–306. [CrossRef ]

20. As AK, Abanoz M, Ozyazicioglu AF. Effect of systemic immune in-
flammation index on symptom development in patients with moderate 
to severe carotid stenosis. J Surg Med 2022;6:149–53. [CrossRef ]

21. Huang X, Wang A, Liu X, Chen S, Zhu Y, Liu Y, et al. Association be-
tween high sensitivity C-Reactive protein and prevalence of asymptom-
atic carotid artery stenosis. Atherosclerosis 2016;246:44–9. [CrossRef ]

22. Kannel WB, Feinleib M, McNamara PM, Garrison RJ, Castelli WP. 
An investigation of coronary heart disease in families. The Framingham 
offspring study. Am J Epidemiol 1979;110:281–90. [CrossRef ]

23. Puz P, Lasek-Bal A, Ziaja D, Kazibutowska Z, Ziaja K. Inflammatory 
markers in patients with internal carotid artery stenosis. Arch Med Sci 
2013;9:254–60. [CrossRef ]

https://doi.org/10.4274/haseki.galenos.2021.7578
https://doi.org/10.1002/jcla.21639
https://doi.org/10.1016/j.jns.2012.09.032
https://doi.org/10.1007/s11845-011-0755-8
https://doi.org/10.1177/1708538116673770
https://doi.org/10.28982/josam.1055846
https://doi.org/10.1016/j.atherosclerosis.2015.12.024
https://doi.org/10.1093/oxfordjournals.aje.a112813
https://doi.org/10.5114/aoms.2013.34533

