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Abstract 
Introduction: The neutrophil to lymphocyte ratio (NLR) can be used as a 
marker of subclinical inflammation, and may have a predictive power in 
prognosis and severity of atherosclerosis-related diseases. This study aimed to 
assess an association between the NLR, and clinical characteristics and one- 
month outcome in acute ischemic stroke (AIS). Subjects and Methods: This 
case-control observational prospective study included 75 patients admitted to 
stroke unit of Ain Shams University hospitals with AIS, sub grouped into 3 
equal groups according to subtype of AIS, in addition to 25 healthy individu-
als. The demographic characteristics of the patients, complete blood picture 
test results at presentation, National Institutes of Health Stroke Scale (NIHSS) 
scores and modified Rankin Scale (mRS) scores were recorded. The clinical 
outcome was assessed by the NIHSS and mRS scores after one month. Re-
sults: The total leucocyte count was significantly higher in large artery athe-
rosclerosis (P = 0.004) and cardioembolic (P = 0.020) stroke groups, unlike 
lacunar stroke group (P = 0.082), when compared to controls. The neutro-
phils count was higher (P < 0.001) and the lymphocyte count was lower (P < 
0.001) among all the stroke groups compared to the control group. The NLR 
was higher among all the stroke groups compared to the control group (P < 
0.001). The NLR at cutoff value more than 1.34 had predicted stroke with a 
sensitivity of 89.33% and specificity of 72% and accuracy reached 88.6%. 
There was non-significant association between NLR and each of NIHSS and 
mRS after one month from onset of AIS. Conclusion: NLR was significantly 
higher among AIS subtypes compared to controls, but not a good predictor 
for one month outcome. 
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1. Introduction 

In medicine neutrophil to lymphocyte ratio (NLR) is used as a marker of sub-
clinical inflammation that can be easily obtained from the differential white 
blood cell count [1]. Clinical studies suggested that higher leucocyte and subtype 
counts as well as higher NLR levels might have a predictive power in prognosis 
and severity of atherosclerosis and cardiovascular diseases [2]. This study was 
performed to assess a correlation between NLR and subtypes of acute ischemic 
stroke (AIS) and one-month outcome. 

2. Subjects and Methods 

This study enrolled 75 patients with the diagnosis of first ever AIS as a case 
group and 25 healthy age-matched and sex-matched individuals as a control 
group. The patients were presenting to the emergency room of Ain Shams Uni-
versity hospitals during the period from November 2017 to June 2018, and were 
admitted to the stroke unit of neurology department within 24 hours from onset 
of symptoms. Patients were diagnosed as AIS based on neurological history, 
clinical examination and radiological investigations. The patients (from both 
genders) were recruited consecutively after their agreement to participate in the 
study and obtaining the informed consent from themselves or a first degree rela-
tive if unable to write or understand. The patients were divided into 3 equal 
groups (each one including 25 patients): large artery atherosclerosis, cardioem-
bolic and lacunar stroke groups defined according to the TOAST criteria based 
on risk factors as well as clinical and brain imaging features [3]. 

Patients with a comorbid or diagnosis of chronic inflammatory and infectious 
diseases, patients with active systemic bacterial, viral, fungal infections or diagnosis 
of Hepatitis B and Hepatitis C (either by history or discovered after investigations), 
patients with previous cerebrovascular stroke, patients below 18 years, patients who 
had received corticosteroids within 30 days from the time of sample withdrawal, 
and patients who had received immunosuppressive medications within 6 months 
prior to the time of sample withdrawal were excluded from this study. 

The study team did not interfere with the treatments that the recruited patient 
had received. As per the protocol of stroke unit of Ain Shams University, all can-
didate patients presenting to the emergency room within 6 hours from onset of 
symptoms should be planned to receive any of the reperfusion therapies (intra-
venous alteplase or mechanical thrombectomy) unless contraindicated. 

Review of the medical history for age, gender, smoking, and vascular risk fac-
tors such as hypertension, diabetes mellitus, and cardiac diseases was done. All 
of the patients were subjected to detailed neurological examination with as-
sessment of stroke severity using the National Institute of Health Stroke Scale 
(NIHSS) score done on admission, after 24 hours from admission, and at one 
month from onset of symptoms. According to NIHSS score, patient was defined 
to have no disability if the score was zero, mild disability if the score ranged 
from 1 to 4, moderate disability if the score ranged from 5 to 15, severe disability 
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if the score 16 or more. 
The patients’ functional status was assessed using the modified Rankin scale 

(mRS) done on admission and at one-month follow up. The one-month out-
come was defined as no disability if mRS score was zero, favorable if mRS score 
was 1 or 2 (a patient can perform the daily activities independently) or unfavor-
able if mRS score ranged from 3 to 6 (a dependent patient or dead). 

The laboratory investigations included complete blood count (CBC) with dif-
ferential leucocyte count at the time of admission. Magnetic resonance imaging 
(MRI) of the brain was done, using a 1.5 Tesla MR system (Achieva, Philips), for 
all of the patients including DWI, FLAIR, T1WI, T2WI and gradient-echo T2* 
weighted MRI scans. Magnetic resonance angiography (MRA) will be visualized 
for the presence of intracranial arterial stenosis or occlusion. B-mode and color 
coded duplex sonography of the extracranial vessels of the common carotid arte-
ries and internal carotid arteries was done for assessment of extracranial stenosis 
or occlusion. An Electrocardiogram (ECG), transthoracic and transesophageal 
echocardiography were done for all of the patients. Blood samples were collected 
from all the participants after obtaining an informed consent and the neutrophil 
and lymphocyte counts had been collected from the CBC, and then the NLR 
values had been calculated. 

Statistical Methods 

The collected data were coded, tabulated, and statistically analyzed using IBM 
SPSS statistics (Statistical Package for Social Sciences) software version 22.0, 
IBM Corp., Chicago, USA, 2013. 

Descriptive statistics were done for quantitative data as minimum and maxi-
mum of the range as well as mean ± SD (standard deviation) for quantitative 
normally distributed data, number and percentage was done for qualitative data. 
Inferential analyses were done for quantitative variables using ANOVA test with 
post hoc Tukey test for more than two independent groups with normally dis-
tributed data and Kruskal Wallis test with post hoc Dunn’s test for more than 
two independent groups with non-normally distributed data. In qualitative data, 
inferential analyses for independent variables were done using Chi square test 
for differences between proportions and Fisher’s Exact test for variables with 
small expected numbers with post hoc Bonferroni test. Paired test was used for 
comparison of quantitative variables among two dependent groups. While cor-
relations were done using spearman rho test for qualitative data. The level of signi-
ficance was taken at P value < 0.050 is significant, otherwise is non-significant. 

Receiver Operating Characteristic (ROC) curve analysis was used where sensi-
tivity is the probability that the test results will be positive when the disease is 
present (true positive rate, expressed as a percentage), specificity is the probabil-
ity that the test results will be negative when the disease is absent (true negative 
rate, expressed as a percentage), positive predictive value (PPV) is the probabili-
ty that the disease is present when the test is positive, negative predictive value 
(NPV) is the probability that the disease is present when the test is negative and 
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the accuracy is the ratio of the true positive and true negative on all patients. 

3. Results 

The demographic data and vascular risk factors of the patients groups are illu-
strated in Table 1. 

There was no statistical significant difference between the 3 patients groups 
regarding NIHSS scores on admission (P = 0.097), after 24 hours (P = 0.195) and 
after one month (P = 0.097) (Table 2). Comparing the NIHSS scores on admis-
sion to that after 24 hours showed that there was no significant improvement in 
the lacunar stroke group (P = 0.083), as well as the large artery atherosclerosis 
stroke group (P = 0.203) and cardioembolic stroke group (P = 0.174). While 
comparing NIHSS scores on admission to that after one month showed that 
there was significant improvement in all of the groups (P < 0.001). 

There was no statistical significant difference between the 3 groups regarding 
mRS scores on admission (P = 0.373) and after month (P = 0.355) (Table 3). 
The comparison between mRS on admission and after month showed significant 
improvement in all of the three groups (P < 0.001). 

The analysis of results of CBC showed the AIS patients had higher total leu-
cocyte count (TLC) compared to the controls (P = 0.004). TLC was significantly 
higher in the large artery atherosclerosis and cardioembolic stroke groups com-
pared to the controls (P = 0.004 and P = 0.020 respectively). There was non-sig- 
nificant difference when comparing patients with lacunar stroke to controls (P = 
0.082) (Table 4). 

The AIS patients had significantly higher neutrophils count compared to the 
controls (P < 0.001). Patients in large artery atherosclerosis, cardioembolic and 
lacunar stroke groups had significantly higher neutrophils count when com-
pared to the controls (P < 0.001, P < 0.001 and P = 0.002 respectively) (Table 5).  

 
Table 1. Demographics and vascular risk factors among the patients groups. 

 

Stroke groups Chi-Square 

Large artery  
atherosclerosis (n = 25) 

Cardioembolic  
(n = 25) 

Lacunar (n = 25) X2 P-value 

Gender 
Male 17 (68.0%) 14 (56.0%) 16 (64.0%) 

1.135 0.769 
Female 8 (32.0%) 11 (44.0%) 9 (36.0%) 

Age (years) 
Range 46 - 85 24 - 87 34 - 78 

4.677 0.817 
Mean ± SD 64.48 ± 10.62 65.44 ± 12.54 63.20 ± 10.63 

Hypertension 
Positive 21 (84.0%) 19 (76.0%) 19 (76.0%) 

0.636 0.728 
Negative 4 (16.0%) 6 (24.0%) 6 (24.0%) 

Diabetes mellitus 
Positive 13 (52.0%) 9 (36.0%) 16 (64.0%) 

3.947 0.139 
Negative 12 (48.0%) 16 (64.0%) 9 (36.0%) 

Presence of cardiac diseases 
as atrial fibrillation, ischemic 

or valvular heart disease 

Positive 9 (36.0%) 25 (100.0%) 8 (32.0%) 
29.545 < 0.001 

Negative 16 (64.0%) 0 (0.0%) 17 (68.0%) 
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Table 2. Comparison between groups regarding NIHSS on admission, after 24 hours and 
after one month. 

NIHSS 

Stroke groups ANOVA 

Large artery 
atherosclerosis 

(n = 25) 

Cardioembolic 
(n = 25) 

Lacunar (n = 25) F P-value 

On  
admission 

Range 2 - 19 1 - 18 1 - 12 
2.416 0.097 

Mean ± SD 7.440 ± 4.273 7.680 ± 4.871 5.320 ± 3.224 

After 24 
hours 

Range 1 - 15 1 - 13 1 - 12 
1.675 0.195 

Mean ± SD 6.800 ± 4.163 7.080 ± 4.271 5.200 ± 3.240 

After one 
month 

Range 0 - 10 0 - 13 0 - 8 
2.407 0.097 

Mean ± SD 4.200 ± 3.391 4.240 ± 3.597 2.520 ± 2.365 

 
Table 3. Comparison between stroke groups regarding mRS scores on admission and after one month. 

mRS score 

Stroke groups ANOVA 

Large artery 
Atherosclerosis (n = 25) 

Cardioembolic (n = 25) Lacunar (n = 25) F P-value 

On admission 
Range 1 - 5 1 - 5 1 - 5 

1.001 0.373 
Mean ± SD 3.360 ± 1.350 3.360 ± 1.440 2.880 ± 1.364 

After one month 
Range 0 - 6 0 - 6 0 - 6 

1.050 0.355 
Mean ± SD 2.200 ± 1.607 2.480 ± 1.711 1.800 ± 1.683 

 
Table 4. Comparison between groups regarding TLC.  

Study groups 
TLC (103/uL) ANOVA 

Range Mean ± SD F P-value 

Large artery atherosclerosis  
(LAA) (n = 25) 

5.3 - 12.6 8.524 ± 1.643 

4.734 0.004 Cardioembolic (CE) (n = 25) 4.2 - 11.7 8.240 ± 2.170 

Lacunar (n = 25) 4.1 - 12.1 7.944 ± 2.146 

Control (n = 25) 4.5 - 10.7 6.637 ± 1.636 

TUKEY’S Test 

LAA vs CE LAA vs Lacunar LAA vs Control CE vs Lacunar 
CE vs  

Control 
Lacunar vs  

Control 

0.953 0.709 0.004 0.947 0.020 0.082 

 
The AIS patients had significantly lower lymphocytes count compared to the 

controls (P < 0.001). Patients in large artery atherosclerosis, cardioembolic and 
lacunar stroke groups had significantly lower lymphocytes count when com-
pared to the controls (P = 0.001, P = 0.001 and P = 0.010 respectively) (Table 6).  

There was a significant difference between case and control groups as regards 
NLR being higher among all the stroke groups compared to the control group (P  
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Table 5. Comparison between groups regarding neutrophils count.  

Study groups 
Neutrophils (103/uL) ANOVA 

Range Mean ± SD F P-value 

Large artery atherosclerosis  
(LAA) (n = 25) 

2.8 - 9.3 5.749 ± 1.526 

10.254 < 0.001 Cardioembolic (CE) (n = 25) 2.1 - 9.2 5.552 ± 1.931 

Lacunar (n = 25) 1.7 - 8.8 5.150 ± 2.073 

Control (n = 25) 1.3 - 5.4 3.302 ± 1.360 

TUKEY’S Test 

LAA vs CE LAA vs Lacunar LAA vs Control CE vs Lacunar 
CE vs  

Control 
Lacunar vs  

Control 

0.979 0.620 < 0.001 0.847 < 0.001 0.002 

 
Table 6. Comparison between groups regarding lymphocytes count.  

Study groups 
Lymphocytes (103/uL) ANOVA 

Range Mean ± SD F P-value 

Large artery atherosclerosis  
(LAA) (n = 25) 

0.7 - 4.0 1.940 ± 0.823 

7.464 < 0.001 Cardioembolic (CE) (n = 25) 0.8 - 3.1 1.933 ± 0.544 

Lacunar (n = 25) 1.0 - 4.1 2.114 ± 0.852 

Control (n = 25) 1.6 - 4.8 2.779 ± 0.671 

TUKEY’S Test 

LAA vs CE LAA vs Lacunar LAA vs Control CE vs Lacunar 
CE vs  

Control 
Lacunar vs  

Control 

1.000 0.835 0.001 0.818 0.001 0.010 

 
< 0.001). The NLR was significantly higher in large artery atherosclerosis, car-
dioembolic, and lacunar stroke groups compared to control group (P < 0.001, P 
= 0.001 and P = 0.002 respectively). There were non-significant differences when 
comparing the stroke groups to each other (Table 7). 

The comparison between all of the stroke cases and controls as regards NLR 
using Roc curve analysis (Figure 1) showed that a cutoff value more than 1.34 
had predicted stroke with a sensitivity of 89.33% and specificity of 72% and ac-
curacy reached 88.6%. The positive predictive value of NLR in stroke cases was 
90.5% and the negative predictive value was 69.2% (Figure 1). 

At the follow up visit after one month from onset of stroke, when the patients 
were classified according to their NIHSS scores, there was no statistical signifi-
cant difference as regards the NLR (P = 0.189). Also there was no statistical sig-
nificant difference between functional outcome classified according to mRS 
scores and the NLR (P = 0.598) (Table 8). 

There were no significant correlations between age (r = 0.018, P = 0.879), 
NIHSS score on admission (r = 0.054, P = 0.648), NIHSS score after one month  
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Table 7. Comparison between groups regarding NLR.  

Study groups 
Neutrophil lymphocyte ratio ANOVA 

Range Mean ± SD F P-value 

Large artery atherosclerosis  
(LAA) (n = 25) 

0.83 - 9.38 3.609 ± 2.012 

10.142 < 0.001 Cardioembolic (CE) (n = 25) 1.29 - 6.71 3.078 ± 1.392 

Lacunar (n = 25) 0.88 - 7.55 2.922 ± 1.962 

Control (n = 25) 0.38 - 2.41 1.255 ± 0.610 

TUKEY’S Test 

LAA vs CE LAA vs Lacunar LAA vs Control CE vs Lacunar 
CE vs  

Control 
Lacunar vs  

Control 

0.644 0.430 < 0.001 0.986 0.001 0.002 

 
Table 8. Correlation between NLR and severity of stroke in patients after one month re-
garding NIHSS and mRS scores. 

Variable 
Neutrophil lymphocytic ratio ANOVA 

Range Mean ± SD F P-value 

NIHSS score 
after one 

month 

No disability  
(NIHSS = 0) (n = 8) 

0.92 - 6.71 2.409 ± 1.943 

1.703 0.189 
Mild disability  

(NIHSS 1 - 4) (n = 40) 
0.83 - 7.55 3.067 ± 1.758 

Moderate disability  
(NIHSS 5 - 15) (n = 27) 

1.38 - 9.38 3.640 ± 1.804 

mRS score 
after one 

month 

No disability  
(mRS = 0) (n = 11) 

0.92 - 7.32 3.279 ± 2.453 

0.518 0.598 
Favorable  

(mRS = 1 or 2) (n = 32) 
0.83 - 9.38 2.961 ± 1.935 

Unfavorable  
(mRS = 3-6) (n = 32) 

1.42 - 7.45 3.419 ± 1.423 

 

 
Figure 1. Roc curve between cases and control regarding NLR. 
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(r = 0.168, P = 0.149), mRS score on admission (r = 0.190, P = 0.103), mRS score 
after one month (r = 0.155, P = 0.183) and NLR (Table 9). 

4. Discussion 

The neutrophil-to-lymphocyte ratio (NLR) is a parameter of inflammation [4] 
that is easy to obtain and has been proposed as an independent useful prognostic 
marker to predict the mortality and prognosis of some cardiovascular and neu-
rologic diseases [5]. Many studies have demonstrated that peripheral leucocyte 
levels increase following cerebrovascular ischemia, and postulated that the initial 
peripheral leucocyte count following a stroke can help predict stroke severity [6]. 
It has neen supposed that the leucocyte count at the time of admission is predic-
tive of the likelihood of AIS and the impact of any resulting neurologic disability 
on daily living activity [5].  

In this study, the analysis of the results of CBC showed that patients with large 
artery atherosclerosis and patients with cardioemolic had significantly higher 
TLC compared to the controls (P = 0.004 and P = 0.020 respectively). Atheros-
clerosis is considered as an inflammatory disease, and contributes to these 2 
subtypes of ischemic strokes, either directly by large-artery atherosclerosis or in-
directly by cardioembolic, as a result of cardiac arrhythmias caused by coronary 
heart disease or emboli after myocardial infarction, that explains why TLC is 
higher in LAA and cardioembolic stroke groups [7]. Neutrophils have role in in-
itiation and progression of atherosclerosis through a pro-inflammatory activity 
that can be attributed to the release of preformed granule proteins which localize 
in the atherosclerotic lesions [8]. Another possible explanation is that usually 
these stroke subtypes are associated with more disruption of blood brain barrier 
resulting in the release of pro-inflammatory cytokines which results in increase 
of blood levels of leucocytes. 

This was corroborated in previous study that reported higher TLC in atheros-
clerotic and cardioembolic stroke subtypes compared to other subtypes [9] [10] 
[11]. In this study there was non-significant difference between lacunar stroke 
group and controls as regards TLC (P = 0.082), which may be explained by the 
fact that lacunar infarction is a small volume infarction and subsequently will 
result in mild inflammation, and hence lesser increase in TLC. A positive corre-
lation between the volume of infarction and TLC can be hypothesized.  

 
Table 9. Correlations between age, NIHSS scores, mRS scores and NLR. 

Variable 
Neutrophil lymphocytic ratio 

r P-value 

Age 0.018 0.879 

NIHSS score on admission 0.054 0.648 

NIHSS score after one month 0.168 0.149 

mRS score on admission 0.190 0.103 

mRS score after one month 0.155 0.183 
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All of the stroke subgroups patients had significantly higher neutrophils count 
compared to the controls (P < 0.001). It seems that role of neutrophils, in partic-
ular, via secreting pro-inflammatory mediators such as proteolytic enzymes, 
arachidonic acid, elastase, and free oxygen radicals [12] is a constant role in 
ischemic stroke regardless its subtype. These neutrophil-mediated inflammatory 
processes cause additional tissue damage, plaque disruption, activation of coa-
gulation pathways and thrombosis, microvascular plugging, myocyte necrosis 
and enlargement of the infarct size [13]. 

All of the stroke subgroups patients had significantly lower lymphocytes count 
compared to the controls (P < 0.001). This may be due to that lymphocytes are 
more involved in regulation of immune responses. Reduced lymphocytes may be 
the result of an invasion of the edematous penumbra by immune cells and an 
associated decrease in serum lymphocytes associated with the infarct volume 
[14]. In contrast to neutrophils, lymphocytes infiltrating the ischemic area 
represent the regulatory arm of the inflammatory and cytotoxic response and 
play a significant role in the healing process of the ischemic area [13]. So, the in-
flammatory process occurring at the area of infarction is mediated by the com-
plex interaction between innate neutrophil mediated reactive immune responses 
and subsequent lymphocyte mediated adaptive immune responses and this ex-
plains the increased NLR [15]. 

The above mentioned results of higher neutrophils and lower lymphocytes 
among patients with ischemic stroke compared to controls shall predict the 
finding that NLR was significantly higher among all of the stroke subgroups 
compared to the controls (P < 0.001). Similar findings were reported in previous 
studies [6] [10] [16]. There were non-significant differences between the stroke 
subgroups when comparing the NLR to each other similarly to the finding in 
one study [17]. However another study [16] reported different results; it found 
that NLR levels were significantly higher in patients with large artery atheros-
clerosis when compared to other groups. 

This study showed that NLR has a cutoff value more than 1.34 which had pre-
dicted AIS with a sensitivity of 89.33% and specificity of 72% and accuracy 
reached 88.6%. The positive predictive value of NLR in stroke cases was 90.5% 
and the negative predictive value was 69.2%. 

This study revealed non-significant relationships between either severity or 
one-month outcome of ischemic stroke (assessed by NIHSS and mRS) and NLR. 
Although one study [4] found a significant correlation between severity of stroke 
and NLR, the absence of such correlation in this study can be attributed to one 
limitation of this study; the maximum NIHSS score of patient included in this 
study was 19, not including the patients with higher scores. This is attributed to 
the fact that the recruited patients were admitted to the stroke unit which is an 
intermediate care unit that is not equipped with mechanical ventilation that may 
be needed for patients with higher NIHSS scores. Additional large-scale studies 
are recommended to study the prognostic role of NLR in AIS. Also some studies 
[16] [17] reported a correlation between outcome of stroke and NLR. Yet it 
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worth to mention that the latter studies were studying the mortality after ischemic 
stroke which was not the scope of this study that aimed studying the one month 
outcome after ischemic stroke.  

5. Conclusion  

NLR may be used as a simple, inexpensive and easy-to-use marker to predict 
sub-types of acute ischemic stroke (NLR was significantly higher in the large ar-
tery atherosclerosis stroke group then in the cardioembolic stroke group then in 
the lacunar stroke group). NLR > 1.34 is sensitive and reliable test to predict AIS. 
NLR is not a good predictor for short term (one month) outcome in AIS pa-
tients. 
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