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A New Marker in Acute Ischemic Stroke Patients: 

Monocyte / HDL Ratio 
ABSTRACT 

Objective: Stroke is a major cause of global morbidity and mortality. Ischemic stroke 

is usually marked by cell death associated with inflammation and oxidative stress, and 

the role of inflammation in neurological diseases has become increasingly obvious. In 

our study, we studied the monocyte / HDL ratio (MHR) which can support the theory 

of inflammation in stroke and can be used in clinical practice. MHR can be used a 

prognostic marker in stroke patients base on this theory. 

Methods: Our study registered 91 acute ischemic stroke patients (47 females and 44 

males) and 50 healthy controls. 

Results: MHR was elevated in the patient group and correlated with high-sensitivity 

C-reactive protein (hsCRP). MHR was higher in patients with high a National 

Institutes of Health Stroke Scale (NIHSS) than those with a low NIHSS (p=0.050) as 

well as in patients with a larger infarct area and in than those with a smaller area 

(p=0.050). The MHR correlated with both the clinical condition and infarct area in 

acute ischemic stroke patients, which underscores the value of MHR as a new marker. 

Conclusions: This cross-sectional study of 91 acute ischemic stroke patients indicates 

that inflammation markers and MHR are correlated with clinical status and even 

radiological parameters. 

Keywords: Acute Ischemic Stroke, Monocyte/HDL Ratio, İnflammation, New 

Marker 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Akut İskemik İnme Hastalarında Yeni Bir Markır: 

Monosit / HDL Oranı 
ÖZET 

Amaç: İnme, dünyada major bir morbidite ve mortalite sebebidir. İskemik inmede 

genellikle inflamasyon ve oksidatif strese bağlı hücre ölümü görülür. Nörolojik 

hastalıklarda inflamasyonun rolü giderek daha da belirginleşmektedir. Çalışmamızda 

inmede inflamasyon teorisini destekleyebilen ve klinik uygulamada kullanılabilecek 

monosit / HDL oranını (MHO) inceledik. 

Gereç ve Yöntem: Çalışmamızda 91 akut iskemik inme hastası (47 kadın ve 44 

erkek) ve 50 sağlıklı kontrol kaydedildi. 

Bulgular: Hasta grubunda MHO yüksek idi ve yüksek duyarlılıkta C-reaktif protein 

(hsCRP) ile korele idi. MHO, Ulusal Sağlık Enstitüleri İnme Ölçeği (NIHSS) skoru 

yüksek olan hastalarda, düşük NIHSS'li (p = 0.050) olanların yanı sıra, ve de daha 

büyük bir infarkt alanı olanlarda daha küçük infarkt alanına sahip olanlara (p = 0.050) 

göre daha yüksekti. MHO, yeni bir belirteç olarak, akut iskemik inme hastalarında, 

hem klinik durum hem de infarkt alanı ile koreledir.  

Sonuç: 91 akut iskemik inme hastasının, bu cross-sectional çalışması, inflamasyon 

belirteçlerinin ve MHO'nin; klinik durum ve hatta radyolojik parametrelerle körele 

olduğunu göstermektedir. 

Anahtar Kelimeler: Akut İskemik İnme,Monosit/HDL Oranı,İnflamasyon,Yeni 

Markır 
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INTRODUCTION 

Stroke is defined by an abrupt onset of 

neurological deficits attributable to a focal vascular 

cause. Stroke is a major cause of morbidity and 

mortality worldwide. This may result from brain 

infarction or hemorrhage. The development of 

ischemic stroke is most commonly attributed to 

atherosclerosis and particularly carotid 

atherosclerosis (1). 

Ischemic stroke usually initiates 

inflammation and oxidative stress leading to 

neuronal death (2). The role of inflammation in 

neurological disorders is increasingly recognized, 

and inflammatory processes are associated with the 

etiology and clinical progression of migraine, 

psychiatric conditions, 

epilepsy, cerebrovascular diseases, dementia, and 

neurodegeneration including that in Alzheimer's 

and Parkinson's diseases (3). 

Atherosclerosis is an inflammatory disease 

within the arterial wall that is responsible for 

several important adverse vascular events including 

coronary artery disease, myocardial 

infraction, stroke, and peripheral artery disease. 

Both innate and adaptive immunity plays an 

important role in the development of 

atherosclerosis. In particular, monocytes and 

macrophages, which are the surrogate cells of 

innate immunity, have important pro-atherogenic 

effects (4).  

Macrophages and monocytes are the most 

important cell types for the secretion of pro-

inflammatory and pro-oxidant cytokines at the site 

of inflammation. In addition, high-density 

lipoprotein cholesterol (HDL-C) can defend 

endothelial cells against the unfavorable effects of 

low-density lipoprotein (LDL) and can inhibit 

oxidation of LDL molecules. Thus, HDL-C is 

thought to exhibit both anti-inflammatory and 

antioxidant actions. Therefore, monocytes exert 

pro-inflammatory and pro-oxidant effects, but 

HDL-C can reverse these processes (5,6).  

In recent studies; monocyte count to HDL 

ratio (MHR) as a new marker may be a prognostic 

marker for cardiovascular disease and mortality is 

associated with MHR in patients with acute 

ischemic stroke (7). With this marker ‘’MHR’’; the 

criteria which were not studied in the literature 

before were included in our study. This study aimed 

to evaluate the usefulness of MHR as a marker in 

determining the clinical status and infarct area in 

acute ischemic stroke patients.  

MATERIALS AND METHODS 
The cross-sectional study was approved by the 

Institutional Ethics Committee at Sakarya University, 

Medical School; protocol number is: 

16214662/050.01.04/46. It was conducted in 

accordance with the Declaration of Helsinki. Informed 

constent form was completed for all participitants.  

The study registered 91 acute ischemic stroke 

patients: 47 women (51.6%) and 44 men (48.4%) as 

well as 50 healthy control individuals (31 women 

(62%) and 19 men (38%)). Patients were not 

recommended in another vascular event in the last 1 

year (cardiovascular, cerebrovascular or peripheral 

vascular, etc.). Exclusion criteria included recent 

infection, hematologic disease, blood dyscarias, 

malignancies, autoimmune or inflammatory diseases, 

renal and hepatic failure, severe valvular disease/heart 

failure, and the use of corticosteroid and non-steroidal 

anti-inflammatory drugs in the past 3 months.  

Routine blood and urine analyses, 

echocardiography, carotis-vertebral Doppler 

ultrasonography, and cranial diffusion-weighted 

magnetic resonance imaging (DW-MRI) were 

performed in the first 24 hours of the acute cerebral 

event. Measurements of the infarct area in cerebral 

DW MRI were conducted by a neurologist blinded 

to the clinical conditions of the patients. In the DWI 

sequence, the hyperintense area with restricted 

DWI was measured manually. The lesion area was 

found by multiplying it by the slice thickness 

(+interslice gap). 

Based on the etiological Trial of ORG 10172 

in Acute Stroke Treatment (TOAST) classification, 

the patients were classified as follows: 1) large 

vessel atherosclerosis, 2) cardioembolic, 3) small 

vessel occlusion, 4) stroke associated with other 

causes, and 5) uncertain cause (9). The clinical 

status of the patients was determined according to 

the National Institutes of Health Stroke Scale 

(NIHSS) (10). Patient’s infarct volumes were 

calculated using the DW MRIs performed up to the 

24th hour of the event. Grouping by infarct area was 

as follows: Group 1: 0-1.5 cm2, Group 2: 1.5-5 cm2; 

Group 3: 5-10 cm2; and Group 4: over 10 cm2. 

Statistical Analysis: Descriptive values 

were presented as the mean, standard deviation, 

percent, and count. The relations between 

categorical variables were analyzed using Fisher-

Freeman-Halton test and those between numerical 

features with correlation analysis. Additionally, 

one-way variance analysis employed in-group 

comparisons. ROC analysis was used for diagnostic 

success of MHR between patients and controls. P 

values were accepted as statistically significant if 

less than 0.05. 

RESULTS 

Sociodemographic data of the patient and 

control groups are presented in Table 1. Gender 

distribution and alcohol consumption of patients 

and control individuals were similar; however, the 

presence of hypertension (HT), presence of diabetes 

mellitus (DM), smoking, and mean body mass 

index (BMI) were significantly higher in the patient 

group. The mean age was also similar in the patient 

and control groups, but BMI was significantly 

higher in the patient group (Table 2). 

The MHR, white blood cell (WBC) count, and C-

reactive protein (CRP) levels were higher and HDL 

level was lower in the patient group although the 

difference in the monocyte count was not 

statistically significant (Table 3).  
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Table 1. Sociodemographic data about the patient and control groups 

 

Control           Ischemic Stroke P 

n % n %  

Sex M 19 38,0 44 48,4% 0.289 

F 31 62,0 47 51,6% 

HT  No 46 92,0 20 22,0 <0.0001 

Yes 4 8,0 71 78,0 

DM  No 50 100,0 56 61,5 <0.0001 

Yes  0 0,0 35 38,5 

Smoking No 50 100,0 70 76,9 <0.0001 

Yes 0 0,0 21 23,1 

Alcohol consumption No 50 100,0 88 96,7 0.552 

Yes 0 0,0 3 3,3 

 

Table 2. Age and BMI values of the patient and control groups 

 

Control Ischemic Stroke P 

n Mean SD n Mean SD 

Age 50 69,32 7,776 91 68,70 12,793 0.757 

BMI 50 26,826 2,3215 91 28,092 4,1329 0.021 

 

 

Table 3. Comparison between MHR, WBC count, CRP levels and HDL levels of patient and control groups 

 

Group P 

Control Ischemic Stroke 

n mean SD n mean SD 

MHR 50 10,97 5,08 91 15,32 6,86 <0.0001 

WBC 50 6,83 1,84 91 7,78 2,32 0.014 

Monocyte 50 517,44 172,76 91 554,14 207,74 0.290 

CRP 50 3,49 ,80 90 12,30 16,96 0.004 

HDL 50 50,95 14,47 91 38,23 8,29 0.001 

 

ROC analysis assessed the MHR in 

differentiating between patients and control 

individuals. The sensitivity and specificity were 

71.4% and 64% with a  cut off value of 11.3 (Graph 

1). Thus, the MHR could differentiate between 

patients and controls at a statistically significant 

rate.  

 
Graph 1. ROC analysis of MHR in patient and control groups 
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Acute ischemic stroke patients were 

allocated to four groups based on the infarct areas 

calculated from the cerebral DW-MRI images taken 

in the first 24 hours after the event: Group 1: 0-1.5 

cm2, Group 2: 1.5-5 cm2; Group 3: 5-10 cm2; and 

Group 4: over 10 cm2. The clinical status of the 

patients was evaluated according to the NIHSS 

values. Group 1 had a significantly lower mean 

NIHSS (n=33, 36.3%) than the other three groups 

(Table 4). This indicates that patients with a smaller 

infarct area have a better clinical status. Also, a 

significant positive correlation was established 

between NIHSS values and MHR (p=0.050) (Table 

5).  

Table 4. Comparison between the Infarct areas-Groups and NIHSS 

Infarct areas 

Groups 

NIHSS  

n mean SD minimum maximum P 

1 33 4,94 2,499 2 15 

0.011 
2 40 7,45 5,188 2 20 

3 16 7,50 4,033 2 15 

4 2 13,50 13,435 4 23 

 

Table 5.Comparison between the MHR and NIHSS 

 

NIHSS 

n=91 

MHR r   0,201 

p   0,050 

 

Group 4 had significantly higher values for 

WBC count, monocyte count, and MHR in relation 

to infarct areas for all four groups (p values of 

0.049, 0.007, and 0.050, respectively) (Table 6). 

This confirms that patients with larger infarct areas 

have higher monocyte counts and MHR’s. 

Table 6. Comparison between the WBC count, monocyte count, MHR and Infarct areas-Groups  

 

INFARCT AREAS-GROUPS 

P 1 2 3 4 

n mean SD n mean SD n mean SD n mean SD 

WBC 33 7,98 2,32 40 7,18 1,51 16 8,47 3,47 2 10,81 1,27 0.049 

Monocyte 33 578,8 180,07 40 534,9 170,31 16 494,7 223,20 2 1006,0 684,48 0.007 

MHR 33 15,30 5,93 40 15,57 6,98 16 13,42 6,69 2 25,49 16,37 0.050 

 

DISCUSSION 

Atherosclerosis and carotis atherosclerosis in 

particular plays a major role in the development of 

ischemic stroke (1). Increasing evidence points to 

the inflammatory character of atherosclerosis, and 

several parameters of inflammation have been 

proposed as cerebrovascular risk markers (11). 

Numerous studies have evaluated the erythrocyte 

sedimentation rate, high-sensitivity CRP (hsCRP), 

leukocyte count, fibrinogen, etc. as serum 

inflammatory parameters. Although plasma hsCRP 

is elevated in response to inflammation caused by 

brain infarction, the association of CRP with 

clinical outcomes after acute 

ischemic stroke remains uncertain. In a study of 

3653 acute ischemic stroke patients, Matsuo et al. 

found that high plasma hsCRP was independently 

associated with unfavorable clinical outcomes after 

acute ischemic stroke (12). MHR studies showed 

significant correlations between this ratio and levels 

of hsCRP as an inflammation marker (5, 13). In our 

study, CRP was found to be statistically 

significantly higher in stroke patients compared to 

the control group (p<0.004). Similarly, MHR levels 

in patients with ischemic stroke were as high as 

CRP levels to support inflammation (p<0.0001). 

Markers that can demonstrate the relationship 

between atherosclerosis and disease are important 

for monitoring clinical progression and treatment.  

Inflammation and oxidative stress are well-

known mechanisms underlying the development 

and progression of atherosclerosis. Monocytes are 

the key player of this process. Activated monocytes 

interact with damaged or activated endothelium 

leading to overexpression of pro-inflammatory 

cytokines/adhesion molecules. Thereafter, 

monocytes differentiate into the macrophages that 

ingest oxidized LDL cholesterol and form 

dangerous foam cells (14). In contrast, HDL 

molecules counteract the migration of macrophages 

and promote efflux of oxidized cholesterol from 

these cells. Recent studies also indicate a role for 

HDL in controlling monocyte activation, 

adhesiveness, and inflammation (15,16) and in 

controlling the proliferation of progenitor cells that 

give rise to monocytes (5,17). 

Monocytes exercise pro-inflammatory and 

pro-oxidant actions in the atherosclerotic process, 

and HDL-C reverses these actions (5). HDL-C has 

other effects on monocyte activation. HDL-C 

interrupts monocyte to macrophage differentiation, 

suppresses the inflammatory response, and 

withholds the inflammatory process. Ongoing 

studies focus on a new aspect of the anti-

inflammatory properties of HDL particles that act 

within the hematopoietic system by suppressing 

hematopoietic stem cells and multi-potential 

progenitor cell proliferation, mobilization, and 

monocyte production. This decreases inflammation. 
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Elevated HDL levels or reconstituted HDL infusion 

can suppress the production of IL-23 and 

granulocyte-CSF. This interrupts monocyte 

production and differentiation in the extra-

medullary hematopoiesis ultimately preventing 

exuberant monocytopoiesis (12,18,19,20). 

Qiao et al. investigated atherosclerosis in 

macrophage colony-stimulating factor deficient 

mice and reported a gene dosage-related reduction 

in atherosclerosis to be correlated with a decrease in 

blood monocyte counts. Previous animal studies 

also show a significant relation between blood 

monocyte counts and the extent of atherosclerosis 

(21). 

Monocytes play an important role in the 

pathogenesis of atherosclerosis inside the arterial 

wall and in circulation. Circulating monocytes are a 

source of numerous factors and receptors that 

interact primarily with platelets and endothelial 

cells leading to inflammation, thrombosis, and 

atherosclerosis (22,23). Palmerini et al. examined 

monocyte-derived tissue factor in vitro using stent 

thrombosis samples. They reported that there was a 

significant increase in monocyte-tissue factor 

expression with stent implantation. Extracting 

monocytes from the milieu led to diminished fibrin 

deposition by 45% and decreased the tissue factor 

level of the thrombus by 83% versus the control 

group (24). Cetin and colleagues evaluated MHR in 

another study of patients who developed stent 

thrombosis. MHR was found to be a novel marker 

of inflammation and seemed to be an independent 

predictor of definite stent thrombosis after primary 

percutaneous coronary intervention for ST-segment 

elevation myocardial infarction (13). 

In the study conducted by Kanbay et al. with 

340 patients with chronic renal failure followed up 

in terms of cardiovascular terms; MHR was 

increased with decreasing eGFR in predialytic 

patients. MHR was associated with poor 

cardiovascular profile and arose as independent 

predictors of major cardiovascular events during 

follow up (7). In another study conducted by Cicek 

et al. with of 760 patients, MHR is associated 

independently and significantly with short term and 

long-term mortality in ST-elevation myocardial 

infarction patients who undergo primary 

percutaneous coronary intervention (25).  

In a retrospective study conducted by 

Bolayır et al. with 466 acute ischemic stroke 

patients and 408 controls, monocyte count was 

higher, HDL levels were lower and MHR was 

higher in the patient group compared to the control 

group. MHR value above 17.52 seem to be an 

independent risk factor or predicting the 30-day 

mortality of patient with acute ischemic stroke (8). 

In another study conducted with 75 stroke patients; 

Glasgow Coma Score, NIHSS score, infarct volume 

(cm3), neutrophil count, platelet count, WBC count, 

albumin, MHR and Ca+ were significant for the 

prediction of one-month mortality. MHR were 

significantly associated with short term mortality 

(26). In our study, levels of MHR, WBC, CRP and 

HDL were statistically and significantly supported 

inflammation in ischemic stroke patients compared 

to the control group (p<0.0001; 0.014; 0.004; 

0.001). 

There are publications indicating stroke 

volume in ischemic stroke patients is in correlation 

with NIHSS score (27). In another study, ischemic 

neural tissue volume showed significant results at 

90% sensitivity and 60% specifity for one-month 

mortality (26). In our study, stroke volume was 

calculated as area (m2). As the infarct area 

increased, the NIHSS scores of the patients 

increased in a statistically significant way 

(p=0.011). NIHSS was significantly higher in 

Group 4 patients with an infarct area greater than 

10 cm2, but it could not be fully evaluated due to 

the small number of patients in this group. In 

addition, WBC, monocyte count and MHR were 

significantly higher as inflammation indicator with 

groups created in accordance with the size of infarct 

area (p=0.049; 0.007; 0.050). 

To summarize; we found that blood 

monocyte count and HDL-C levels were 

independently and significantly correlated with the 

clinical status and infarct area of acute ischemic 

stroke patients. In addition, MHR was found to 

significantly correlate with hsCRP and was elevated 

in acute ischemic stroke patients with a high NIHSS 

and larger infarct area. This suggests inflammation 

and poor prognosis.  

 

CONCLUSION 

This study is limited in that it is a single 

center study. The control group was selected from 

individuals with high BMI; this is another 

limitation of the study because it is a factor that 

increases the risk of stroke. More patients with 

longer follow-up could increase the validation of 

MHR as a new marker. Still, this cross-sectional 

study of 91 acute ischemic stroke patients indicates 

that inflammation markers and MHR are correlated 

with clinical status and even radiological 

parameters.  
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