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differential diagnosis of ischemic stroke 
1Halil Onder, 2Mustafa Cankurtaran, 3Ozge Ozyurek, 1Guven Arslan
1Department of Neurology, 2Department of Cardiology, 3Department of Psychology, Yozgat City 
Hospital, Yozgat, Turkey

Abstract 

There is increasing evidence that inflammation is involved in the mechanisms of acute ischemic 
stroke. The utility of neutrophil-to-lymphocyte ratio (NLR) has recently been reported to help in the 
prognostication of stroke. The utility of NLR in the diagnosis of stroke remains uncertain. In this 
retrospective study, patients with acute ischemic stroke who presented within the first 24 hours of 
symptom onset to our clinic from September to December 2019 were studied, involving 93 patients 
with stroke and 60 control. The mean age in the stroke group was 71.7 ± 12.2 years whereas it was 
72.6 ± 5.7 in the control group (p=0.405). The female/male ratio was 47/46 in the stroke group and 
it was 26/34 in the control group (p=0.411). The NLR level was higher in patients with ischemic 
stroke as compared to control (p=0.029) whereas hemoglobin levels were lower in the patient group 
(p= 0.025). The ROC curve analysis revealed that a NLR cutoff point of 2.34 had 61.3 % sensitivity 
and 60% specificity in detecting patients with ischemic stroke. The regression analyses also revealed 
that the NLR and hemoglobin levels were predictors for stroke.   
In conclusion, NLR and hemoglobin may potentially be paraclinical markers in differential diagnosis 
of stroke. 
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and hemorrhagic transformation of AIS may be 
the main mechanisms leading to poor prognosis.8 
After the ischemic injury, lymphocytes also 
infiltrate the ischemic regions and mediate 
ischemic brain injury. It is known that neutrophils 
and lymphocytes mediate different inflammatory 
processes and recent studies have shown the 
importance of the neutrophil-to-lymphocyte ratio 
(NLR) that reflects the balance between neutrophil 
and lymphocyte levels and their different 
immunological activities. The potential utility of 
NLR in the differential diagnosis and prognosis 
of many diseases has been investigated.9-13 In 
stroke, the association of NLR with mortality and 
prognosis of patients has been demonstrated.14-17 
However, the potential utility of NLR value in 
differential diagnosis is rarely been reported 
in the literature. In this study, we aimed to 
investigate the differences in NLR and some other 
hematological parameters between AIS patients 
and control individuals (CI). We also investigated 

INTRODUCTION

There is increasing evidence that inflammation 
is involved in the mechanisms of acute ischemic 
stroke (AIS). The inflammatory response following 
AIS is considered to be an important pathological 
process in the post-ischemic injury in the brain.1,2 
Inflammatory responses can emerge before 
ischemic stroke.3,4 In AIS, the chemokines and 
cytokines released from ischemic tissues promote 
the infiltration of peripheral circulating leukocytes 
to ischemic sites.5 Among peripheral circulating 
leukocytes, neutrophils have been regarded as an 
important mediator in ischemic brain injury and 
they have been shown to begin to enter the brain 
as early as 6 hours after transient middle cerebral 
artery occlusion in rat models.6 The infiltration 
of circulating neutrophils into ischemic brain 
regions leads to poor prognosis.5,7 The increased 
free oxygen radicals released by neutrophils, 
neutrophil deviated matrix metalloproteinase-9 
associated blood-brain barrier disruption, edema, 
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the differences in the NLR levels according to 
the distinct stroke subtypes and the presence of 
some comorbidities in stroke. 

METHODS

Study population

All patients with AIS who presented within the first 
24 hours of symptom onset and were hospitalized 
at the neurology clinic of the Yozgat City Hospital 
from September to December 2019 were screened 
for the study. The diagnosis of AIS was based on 
the clinical features and neuroimaging results. 
Diffusion-weighted imaging (DWI, 1.5 Tesla) 
was performed in all the patients. Patients with 
transient ischemic attacks (TIA) and without 
lesions on DWI were excluded from the study. 
Those with an infectious disease (urinary tract 
infection, sinusitis, cellulitis, or otitis media), 
malignancy, heart failure, coronary artery disease, 
ischemic heart disease, pulmonary disease, or 
chronic inflammatory disease were also excluded 
from the study. In our routine practice, all AIS 
patients had computed tomography angiography 
(CTA) of the head and neck, or carotid/
vertebral artery transcranial Doppler ultrasound 
investigations in those contraindicated for CTA. 
Cardiological investigations of echocardiography 
and electrocardiography are routinely conducted, 
and HOLTER investigation is performed  according 
to the recommendations by the cardiologist. 
The etiology of stroke was defined according 
to the TOAST classification. The presence of 
hypertension (HT), hyperlipidemia (HL) and 
diabetes mellitus (DM) were also noted. For infarct 
localization, the vascular territories (anterior 
circulation stroke, posterior circulation stroke, 
both of them) and lateralization of the infarctions 
(right hemisphere stroke, left hemisphere stroke, 
bilateral hemispheric stroke) were identified. The 
size of the stroke was classified as small cerebral 
infarction (affecting <1/3 of a main cerebral 
artery); middle size cerebral infarction (affecting 
1/3-2/3 of a main cerebral artery) and large size 
cerebral infarction (more than 2/3 of a main 
cerebral artery). The cerebral arteries involved, 
whether it was anterior cerebral artery, anterior 
choroidal artery and its branches; middle cerebral 
artery; posterior cerebral artery or vertebrobasilar 
system was also identified. The classification of 
the infarction size was by adapting a previous 
classification of the stroke syndromes affecting 
MCA territory.18 The degree of the extracranial 
stenosis was classified as non-significant stenosis, 

50% to 70% stenosis, and stenosis more than 70%. 
We formed control group retrospectively from the 
individuals who were admitted to the neurology 
clinic of the Yozgat City Hospital with nonspecific 
symptoms such as dizziness or vertigo and who 
had no neurological disease, infectious disease 
(urinary tract infection, sinusitis, cellulitis, or 
otitis media), malignancy, heart failure, coronary 
artery disease, ischemic heart disease, pulmonary 
disease, or chronic inflammatory disease. The CI 
who had no hemogram investigation at the time 
of neurology clinic admission were excluded. The 
presence of the comorbidities in the control group, 
including HT, HL, and DM, were also noted. The 
clinical data on the patient and control groups were 
collected using the Hospital Computerized Data 
System (AKGUN). The hemogram, performed 
initially upon admission to the emergency service 
in the patient were used in the evaluation. In the 
control group, the hemogram  evaluated was that 
acquired at the admission to the neurology clinic. 
This study was approved by the institutional 
review board.

Laboratory analysis

All values in the study were calculated from 
patients’ and CI’ complete blood count (CBC) 
analysis. For all the individuals, the values of 
hemoglobin, hematocrit, leukocytes, lymphocytes, 
neutrophils, and platelets were noted, separately. 
NLRs were calculated from the CBC results as 
dividing the number of neutrophils by the number 
of lymphocytes. Routine electronic CBC device 
was used (Cell-Dyne 3700, Abbott, Abbott Park, 
IL, USA) for this purpose.

Statistical analyses

All statistical analyses were performed using the 
SPSS statistics 22 program. Continuous variables 
are expressed as mean ± standard deviation and 
median (inter quartile range) according to the 
type of the data being normal or not normally 
distributed. The compliance of the variables 
with normal distribution was assessed by the 
Kolmogorov-Smirnov test. Inter-group analyses 
were performed with Student’s t-test for normally 
distributed variables and the Mann-Whitney U 
test for non-parametric variables. The Kruskal-
Wallis test was used to compare the not normally 
distributed variables among more than two 
independent groups. The chi-square test was used 
for the comparison of qualitative data. Stepwise 
multivariate logistic regression analysis was done 
to examine the association between the diagnosis 
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of stroke and other variables. Variables with P < 
0.25 in univariate logistic regression were included 
in a multivariate logistic regression model. In 
the logistic regression model, the NLR level was 
assumed to be a binary variable according to the 
cutoff point detected in the receiver operating 
characteristic (ROC) curve analysis. A p-value of 
<0.05 was considered to be statistically significant.

RESULTS

Ninety three AIS patients and 60 CI were enrolled 
in this study. The mean age in the stroke group 
was 71.7 ± 12.2 years whereas it was 72.6 ± 5.7 
in the CI group (p=0.405). The female/male ratio 
was 47/46 in the stroke group and it was 26/34 
in the control group (p=0.411). Among patients 
with AIS, 80% had comorbid HT, 34% had HL 
and 25% had DM. Other clinical features of the 
patient with stroke are listed in Table 2. The 
control group was comparable with the AIS group 
in terms of these comorbidities (Table 1).
 The NLR level was higher in patients with AIS 
as compared to the CI (p=0.029). The comparisons 
of the other laboratory markers including WBC, 
hemoglobin, platelet, neutrophil, lymphocyte 
revealed that hemoglobin value was also higher 
in the AIS group (p=0.025). 
 The ROC curve analysis revealed that a 
NLR cutoff point of 2.34 had 61.3 % sensitivity 
and 60% specificity in detecting patients with 

ischemic stroke (Figure 1). In multivariate 
logistic regression analysis, Hb (OR 0.747, CI: 
0.594-0.940, P < 0.013) and the NLR (OR 1.990, 
CI: 1.097-3.973, P = 0.049) were identified as 
independent predictors of stroke (Table 3). 
 The etiological classification of the patients 
revealed that 44 of the patients (47%) had large 
vessel atherosclerosis, 32 (34%) had small vessel 
occlusion and 15 (16%) had cardioembolic 
stroke. Further analyses comparing the NLR 
between distinct etiologies of stroke did not 
yield significant differences (p=0.68) (Table 4). 
The comparative analyses of the NLR values 
to investigate the significance of etiological 
classification were repeated after dividing the 
patient groups as large vessel atherosclerosis or 
not; small vessel occlusion or not, cardioembolic 
stroke or not; and additional analyses investigating 
the pairwise comparisons between distinct 
stroke etiologies were performed. However, 
none of the results were statistically significant 
(Table 5). On the other hand, the overall study 
group was classified according to the presence of 
HT, HL, and DM;  comparative analyses in terms 
of the NLR values were performed to evaluate the 
significance of the presence of these comorbidities 
which all yielded unremarkable results. Additional 
analysis according to some clinical parameters 
including infarction size, vascular territory and 
the lateralization of the infarction and the degree 
of the stenosis of the extracranial vessels and the 

Table 1: The comparisons of the demographic features and hematological parameters including the 
neutrophil-to-lymphocyte ratio levels in the patient group and control group

Patients with ischemic 
stroke (n=93) Control group (n=60) P-value

Age 71.73 ± 12,25 72.66 ± 5,74 0.405

Sex (Male), n (%) 46 (49.5) 34 (56.7) 0.411

Hypertension, n (%) 74 (79.6) 39 (65.0) 0.059

Diabetes mellitus, n (%) 23 (24.7) 9 (15) 0.161

Hyperlipidemia 32 (34.4) 15 (25) 0.282

WBC (x103/ml) 7.70 ± 2.32 7.43 ± 1.74 0.084

Hemoglobin 13.30 ± 1.55 13.90 ± 1.65 0.025

PLT 226.00 ± 75.21 246.65 ± 64.36 0.223

Neutrophil 4.80 ± 2.48 4.72 ± 1.42 0.056

Lymphocyte 1.70 ± 0.73 2.02 ± 0.88 0.103

NLR 2.82 (1.95-4.44) 2.22 (1.67-2.87) 0.029

WBC: White blood cell, NLR: Neutrophil-to-lymphocyte 
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Table 2: Some clinical features of the patients with acute stroke

Patients with ischemic 
stroke (n=93)

Admission to the intensive care unit, n (%) 25 (26.8)

Therapy

– Antiaggregant or anticoagulant therapy 93 (100)

– The rate of the patients treated with thrombolysis, n (%) 5 (5.3)

– The rate of the patients treated with thrombectomy or    
   neurosurgical intervention 0 (0)

Glasgow coma scale 13.56 ± 1.36

AF, n (%) 18 (19.4)

Previous stroke, n (%) 15 (16.1)

Figure 1. The ROC curve analysis revealed that a NLR cutoff point of 2.34 had 61.3% 
sensitivity and 60% specificity in detecting patients with ischemic stroke

variance of the NLR values between the groups 
were performed. The only significant difference 
in the NLR values was found between the groups 
with distinct stenosis degree of extracranial 
arteries (p=0.018). The results of the pairwise 

analyses were unremarkable. However, re-
analyses after the classification of the patients 
with <50% stenosis or not revealed that the NLR 
was higher in the groups with extracranial arterial 
stenosis more than 50% (p=0.03). 
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Table 3: Factors predicting functional significance in multivariate logistic regression analysis

Univariate Multivariate

Variables OR (95 % CI) P OR (95 % CI) P

Age 0.990 (0.960-1.022) 0.549

Sex (Male), n (%) 0.748 (0.390-1.437) 0.384

Hypertension, n (%) 1.825 (0.880-3.787) 0.106 1.485 (0.686-3.215) 0.316

Diabetes mellitus, n (%) 0.645 (0.281-1.481) 0.301

Hyperlipidemia 1.574 (0.763-3.247) 0.220 1.593 (0.745-3.407) 0.230

WBC (x103/ml) 1.034 (0.886-1.207) 0.672

Hemoglobin 0.717 (0.573-0.898) 0.004 0.747 (0.594-0.940) 0.013

NLR >2.34 2.375 (1.223-4.613) 0.011 1.990 (1.097-3.973) 0.049

TOAST classification N (%) NLR [Median (IQR)] P-value

Total number of patients 93 (100)

0.68
Large vessel atherosclerosis 44 (47.3) 2.9500 (1.95-4.11)

Cardioembolic 15 (16) 3.6364 (2.03-6.36)

Small vessel occlusion 32 (34) 2.5165 (1.83-3.91)

Stroke of other determined etiology 0 (0) -

Stroke of undetermined etiology 2 (2) 3.3929 (1.50-)

Table 4: Comparisons of the NLR values between patient groups with distinct etiologies of stroke 
(Kruskal-Wallis Test) 

Table 5: The detailed pairwise comparisons between distinct etiologies of ischemic stroke in terms of 
the NLR value 

P-value

NLR, Median 
(IQR)

Large vessel atherosclerosis (n=44) 
2.95 (1.96-4.11)

Others (n=49) 
2.56 (1.87-5.12)

0.060

NLR, Median 
(IQR)

Cardioembolic (n=15) 
3.63(2.00-6.36)

Others (n=78) 
2.75 (1.93-4.09)

0.531

NLR, Median 
(IQR)

Small vessel occlusion (n=32) (%34) 
2.45 (1.83-3.91)

Others (n=61) 
3.12 (1.97-5.14)

0.114

NLR, Median
(IQR)

Large vessel atherosclerosis (n=44)
2.95 (1.96-4.11)

Small vessel occlusion (n=32)
2.45 (1.83-3.91)

 0.201

NLR, Median 
(IQR)

Cardioembolic (n=15) (%16) 
3.63 (2.00-6.36)

Small vessel occlusion (n=32) 
2.45 (1.83-3.91)

0.164
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DISCUSSION

The inflammatory acute phase response can 
emerge both before and after an ischemic event.3,4 
It has been shown that neutrophils may facilitate 
plaque rupture by releasing proteolytic enzymes, 
arachidonic acid derivatives, and superoxide 
radicals.19 On the other hand, lymphocytes have 
also a very important role in the regulation of 
inflammatory response during various stages 
of the atherosclerotic process.20 In light of the 
above, some authors proposed that NLR, being 
a reflection of the innate and adaptive immune 
responses, may be associated with worse prognosis 

in patients undergoing percutaneous coronary 
intervention or coronary bypass surgery.12,13 
Recently, the value of the NLR in stroke has been 
investigated in various studies.14-17,21-25 Nearly 
all of these studies addressed its association 
with the severity of the stroke and its prognostic 
significance.9-12,18,19 However, the potential value of 
the NLR for the diagnosisof stroke has rarely been 
investigated.23,24 In this report, we found that the 
NLR levels in the patients with AIS were higher 
than the CI. The previous report by San et al. also 
found that the NLR values were higher in both 
patients with AIS and transient ischemic attack 

Table 7: The results of the analyses investigating the association between infarction features, extracranial 
stenosis degree and the NLR levels  (Mann-Whitney U Test)

n (%) NLR (Median (Range) P-value
Size of the infarction < 1/3 of the territory (lacunar) 55 (59.1) 2.62 (1.80-4.47) p=0.685

1/3-2/3 of the territory of the 
artery  26 (27.9) 2.93 (2.02-4.309)

>2/3 of the territory of the 
artery 12 (12.9) 3.50 (2.01-4.84)

Localization of the 
infarction

Anterior circulation stroke 64 (68.8) 2.75 (1.90-4.11) p =0.214

Posterior circulation stroke 27 (29.0) 2.82 (2.16-5.28)

Both anterior and posterior 
circulation stroke 2 (2.1) 6.09

Lateralization of 
the infarction

Right hemisphere 42 (45.1) 3.66 (2.00-5.28) p = 0.086

Left hemisphere 41 (44.0) 2.68 (1.88-3.36)

Bilateral hemispheric 10 (10.7) 2.30 (1.50-5.99)

The degree of 
the stenosis of 
the extracranial 
arteries 

No significant stenosis 79 (84.9) 2.70 (1.91-4.09) p=0.018* 

50% to 70% stenosis 6 (6.4) 4.35 (1.89-11.25)

>70% stenosis 8 (8.6)  (2.38-6.10)
*(The pairwise comparisons did not reveal any significant difference. however, re-analyses after the classification of the patients 
with 50< stenosis or not revealed that the NLR was higher in the group with extracranial arterial stenosis more than %50 (p=0.03)

Table 6: The comparisons of the NLR values according to the presence of hypertension, hyperlipidemia, 
and diabetes mellitus, respectively (Mann-Whitney U Test)

NLR (Median (Range) P-value

Hypertension
Present (n=74) 2.63 (1.95-4.09)

0.583
Absent (n=19) 2.16 (1.76-3.77)

Hyperlipidemia
Present (n=32) 2.82 (1.80-4.08)

0.211
Absent (n=61) 2.29 (1.82-4.08-)

Diabetes mellitus
Present (n=32) 2.30 (1.56-3.20)

0.354
Absent (n=61) 2.44 (1.95-4.40)
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(TIA) in comparison to the healthy controls.23 
Based on their results, the authors suggested that 
the hematological markers can be used in the 
differential diagnosis of stroke. Celikbilek et al. 
also found that the NLR levels were higher in 
patients with AIS when compared to the controls 
(p=0.001). Nevertheless, they discussed the 
prognostic role of the NLR and did not discuss its 
possible value in the diagnosis of stroke. Although 
the NLR is not a highly specific marker as it can 
be elevated in various chronic diseases and acute 
conditions, its diagnostic significance has been 
investigated in many diseases.9-11 
 Ischemic stroke is a leading cause of severe 
disability and death, and its timely diagnosis 
is critical for better  outcomes. However, the 
diagnosis may be challenging as recent studies 
indicate that stroke is among the most commonly  
misdiagnosed.26,27 This is  particularly so in 
trauma patients, pediatric population, and stroke 
syndromes presenting with seizures.28-30 It is 
therefore of value to find non-invasive tests to 
differentiate from stroke mimics as well as healthy 
controls. To date, there is no  laboratory marker  
having sufficient sensitivity and specificity to be 
used in the clinical setting for the diagnosis of 
stroke.28 In our study, the NLR level was found 
to be higher in the AIS group, and that a NLR 
cutoff point of 2.34 was found to have a 61.3 % 
sensitivity and 60% specificity in the ROC curve 
analyses. The multivariate logistic regression 
analysis also showed that a cutoff point of 2.34 
of NLR was found to be a significant predictor for 
stroke. Taken together,  the results of our study 
suggest the potential value of the NLR level in 
the differential diagnosis of stroke. 
 We also investigated the possible association 
between the NLR levels and the subtypes of stroke 
which did not reveal a significant association. 
However, previous study by Tokgoz et al. that 
investigated 255 patients found that the NLR 
was higher in both the atherosclerotic and 
cardioembolic stroke subgroups than the lacunar 
infarct subgroup.14 Hyun et al. found that the NLR 
was associated with the degree of carotid artery 
stenosis, and  concluded that NLR can predict 
carotid stenosis in patients with AIS.16 Another 
study with 868 patients also shown that the NLR 
level was significantly higher in the group with 
great artery atherosclerosis or atherothrombosis 
compared to other groups.31 We compared the 
NLR levels in subgroups of patients with distinct 
stenosis levels of extracranial arteries which 
yielded unremarkable results initially. However, 
after dividing the patients into two subgroups as 

strokes with non-significant extracranial artery 
stenosis and strokes with extracranial stenosis 
more than 50%, higher NLR levels were found 
in the latter group which was in accordance with 
the results of the above-mentioned studies.16,31 We 
think that the association between the NLR level 
and  stroke subgroups (particularly extracranial 
atherosclerosis) should be investigated further in 
larger groups of patients.
 Based on the previous reports linking the 
inflammation with HT and HL, and the utility 
of the NLR in the investigation of these 
associations22,32,33, we also compared the NLR 
levels in groups according to the presence of HT, 
HL. However, we have not found any differences 
in the NLR values between individuals with and 
without these comorbidities. Our control group 
was comparable with the stroke group in terms of 
the presence of these comorbidities. The possible 
effects of these variables have also been excluded 
by regression analyses while comparing the stroke 
group and the control group. 
 Another major conclusion of our study was 
that the hemoglobin value was found to be lower 
in stroke patients. The regression analyses also 
confirmed the significance of this parameter. The 
association between anemia and ischemic stroke 
rather remains an unclear issue in the literature. 
Sickle cell anemia is known to be highly associated 
with cerebrovascular disease34, there are also 
reports suggesting an association between non-
sickle cell anemia and stroke.35,36 This include the 
study by Chang et al.35 which involve  51,093 
subjects with  153,279 controls. The study reported 
a significant association between prior anemia 
and ischemic stroke. 
 The limitation of this study is first the 
low number of patients. Second, we have not 
performed the hemogram investigation at a 
definite time after stroke which may be crucial 
when evaluating the results. Asinflammation 
induced by stroke is a dynamic process with a 
temporal course, and may vary significantly even 
during the first 24 hours after stroke. Therefore, 
the utility of the NLR in the differentiation of 
stroke may be investigated in future large-scale 
studies of prospective design in which the blood 
samples may be studied in different time intervals 
after stroke.  
 In conclusion, our results suggest that the NLR 
value may be a paraclinical marker in differential 
diagnsosi of stroke. These potential paraclinical 
markers may be useful in some specific scenarios 
such as a TIA, diffusion-negative strokes, strokes 
in trauma patients. 
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