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Abstract: The neutrophil to lymphocyte ratio (NLR) has been proposed to predict clinical outcome in
cardiovascular diseases. We assessed the significance of the NLR as a predictor of outcome in acute ischemic
stroke (AIS) patients.

We retrospectively analyzed the clinical data in 340 consecutive patients with AIS. The NLR was calculated
from the differential counts by dividing the neutrophil number by the lymphocyte number. Outcome was
measured as a 3-month modified Rankin Scale (mRS) score. Multivariate logistic regression analysis was
used to assess the association among the clinical, inflammatory, and serological parameters.

The NLR was significantly higher in the poor outcome group (P<0.05). The cut-off value of the NLR for the
prediction of poor outcome was 2.135 (sensitivity 0.864, specificity 0.533). Multivariate logistic regression
analysis demonstrated that age >65 years (OR 10.2; 95% CI 3.31-31.21, P<0.001), presence of diabetes (OR
3.3; 95% CI 1.36-8.18, P=0.008), NIHSS score >4 (OR 26.4; 95% CI 9.81-71.15, P<0.001), hs-CRP level
(OR 1.2; 95% CI 1.01-1.34, P=0.041), and NLR >2.135 (OR 9.2; 95% CI 3.18-26.4, P<0.001) were
independently associated with poor outcome.

The NLR is a useful marker for short-term outcome in AIS and may have a role in risk stratification for
predicting poor outcome.
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1. INTRODUCTION promoting the accumulation of leukocytes to the
ischemic areas [5, 6]. Among circulating
leukocytes, neutrophils have been regarded as
crucial mediators of ischemic injury [6-8].
Accumulated neutrophils release free oxygen
radicals, various inflammatory cytokines, and
neurotoxic substances, all of which cause
cellular necrosis and apoptosis in ischemic
It is well established that inflammation plays an  tissues [9]. Lymphocytes, a type of leukocyte,
important role in various atherosclerotic  are also known to be involved in inflammatory
disorders [2, 3]. Elevated blood inflammatory ~ responses to AIS [10]. Low lymphocyte counts
markers such as high sensitivity C-reactive  increase sympathetic activity and baseline
protein (hs-CRP) have been shown to be cortisol levels, which can cause an increase in
independent risk factors for cardiovascular ~ the production of inflammatory cytokines that
disease and ischemic stroke [2, 3]. Recently, ~ aggravate ischemic injury [11]. Therefore,
there have been reports of leukocytes having a  increased total white blood cell (WBC) and
similar role in ischemic events [4, 5]. leukocyte counts, and reduced lymphocyte

counts are associated with poor outcomes in
Inflammatory cascade following acute ischemic various  cardiovascular  diseases  [10,11].
stroke (AIS) is an important pathological — Theoretically, anti-inflammatory therapy may be
process in damaged brain tissue [4, 5]. The  peneficial in stroke management and has been

inflammatory process in AIS involves cytokines  shown to be effective in some experimental
and chemokines released from ischemic tissues, models [12, 13]. However, anti-neutrophil

Ischemic stroke is a major cause of disability
and mortality worldwide [1]. The mortality rate
of stroke has steadily decreased in South Korea,
over the last 10 years, but was still 51.1 per
100,000 people in 2012, making it the third
leading cause of death [1].
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therapy has not been shown to be effective in
clinical studies of AIS [14, 15].

The neutrophil to lymphocyte ratio (NLR) is a
simple inflammatory marker that can be quickly
calculated from the differential WBC count and
that is an indicator of systemic inflammation
[16]. An increase in the NLR has been shown to
increase in-hospital mortality and morbidity in
patients with acute coronary syndrome [17].
Recent studies have shown that the NLR
provides a reliable inflammatory index that can
be wused for prognostic stratification in
cardiovascular events [17-23]. However, the
effects of the NLR on short-term functional
outcome in AIS are still uncertain and few
studies have been conducted [24].

Herein, we assessed the significance of the NLR
as a predictor of short-term functional outcome
in patients with AlS.

2. MATERIALS AND METHODS
2.1.Study Population

We retrospectively analyzed 878 patients with
AIS over the age of 18 years who were admitted
to the department of neurology at the Kosin
University College of Medicine within 3 days of
AIS onset between July 2013 and March 2016.
The diagnosis of AIS was determined by
medical history, neurologic symptoms and
signs, and neuroimaging. Exclusion criteria for
the patients were as follows: (1) patients who
were admitted to the hospital >3 days after
stroke; (2) patients with a history of infection
within 1 week of stroke onset or within 72 hours
after admission; (3) patients with hematologic
disorders or malignancies; (4) patients taking
immunosuppressants or steroids; (5) patients
with a history of recent stroke (i.e., past 6
months) and/or pre-stroke disability; (6) patients
with severe pulmonary disease or chronic renal
failure with dialysis; and (7) patients with
intracerebral hemorrhage. Fourteen patients
were further excluded due to loss of follow up at
3 months. A total of 340 patients who met the
eligibility criteria were included in the study
protocol. We retrospectively analyzed patients’
clinical characteristics, laboratory parameters,
NLRs, and 3-month follow-up modified Rankin
Scale (mRS) scores [25].

2.2. Clinical Data and
Functional Outcome

Short-Term

The archived records from the hospital’ s
electronic record system were used to obtain the
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demographics (age, gender, and body mass
index); the clinical characteristics, including
stroke risk factors (hypertension, diabetes
mellitus, hyperlipidemia, atrial fibrillation (AF),
smoking and alcohol consumption); laboratory
findings; and National Institutes of Health
Stroke Scale (NIHSS) score on admission of the
340 patients who met the eligibility criteria [26].
Hypertension was defined as a systolic blood
pressure (SBP) 2140 mmHg, or a diastolic blood
pressure (DBP) >90 mmHg, previous use of
antihypertensive medication, or a history of
diagnosed hypertension. Diabetes was defined
as fasting blood glucose >126 mg/dL, non-
fasting glucose >200 mg/dL, previous use of ant
diabetic medications, or a previously established
diagnosis. Hyperlipidemia was diagnosed on
either fasting total cholesterol (TC) >240 mg/dL,
low-density lipoprotein (LDL) cholesterol >160
mg/dL or use of lipid lowering medication. A
history of AF was defined as AF recorded at the
time of the 12-lead electrocardiogram, 24-hours
Holter monitoring, cardiac monitoring in the
stroke unit, or a previously known episode of
AF. A history of coronary artery disease was
defined as a previously known episode of angina
or myocardial infarction. A  history of
congestive heart failure was defined according
to the Framingham heart failure diagnostic
criteria [27]. Smoking within the past a month
or alcohol consumption >2 times/month prior to
admission were classified as present smoking or
alcohol history, respectively.

A complete blood count analysis was performed
on admission using peripheral venous blood
samples collected in a calcium ethylene
diaminetetraacetic acid (EDTA) tube. Blood
counts were analyzed using an autoanalyzer
(Unicel® DxH™ 800 Coulter Cellular Analysis
System, Beckman Coulter, Miami, Florida). The
NLR was calculated as the ratio of neutrophils
to lymphocytes in peripheral blood samples.

Brain magnetic resonance imaging (MRI) was
performed on all patients. Outcome was
measured using the mRS 3-months post-AlS.
Good functional outcome was defined as an
mRS of 0-2 points, whereas poor outcome was
defined as an mRS >2 points.

2.3. Statistical Analysis

Continuous  variables are presented as
mean==standard deviation. Categorical variables
are presented as frequency and percentage.
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Differences between the good and poor outcome
groups were analyzed through Chi-square tests,
Student’s t-tests, and Fishers exact tests.
Logistic regression analysis was performed on
odds ratios and 95% confidence intervals. The
NLR cut-off value was analyzed through a
receiver operating characteristic (ROC) curve.
Multiple logistic regression analysis was
performed to adjust for variables affecting
outcome. Data were analyzed using Statistical
Package for the Social Sciences (SPSS Inc.,
Chicago, IL, USA) version 22.0 software and
the P-value was set at a significance level of
0.05.

3. RESULTS
3.1.Baseline Characteristics

Baseline characteristics of the 340 patients are
shown in Table 1. The mean age of patients with
AIS was 67.0+12.3 years and 111 (32.6%)
were female. Two hundred twenty-five (66.2%)
of the patients had hypertension, 112 (32.9%)
had diabetes, 84 (24.7%) had hyperlipidemia, 55
(16.2%) had AF, 136 (40.0%) were smokers,
and 114 (33.5%) consumed alcohol. The mean
WBC count was 8,160+2,990/uL and the NLR
mean was 3.47 4.5, The mean NIHSS score on
admission was 4.1+4.7.

3.2.Comparison Between Good and Poor
Outcome Groups

The good and poor outcome groups consisted of
274 and 66 patients, respectively. The good
outcome group consisted of more male patients
compared to the poor outcome group (71.9% vs.
48.5%, respectively, P=0.012). The mean age of
the good outcome group was lower than the
poor outcome group (64.2+11.6 vs. 76.5+9.6
years, respectively, P<0.001). In the poor
outcome group, hypertension, diabetes, coronary
artery disease, congestive heart failure and AF
were significantly higher in prevalence than the
good outcome group, but the rates of smoking
and alcohol consumption were higher in the
good outcome group. There was no significant
difference in SBP, DBP, or body mass index
between groups. Heart rate was more rapid in
the poor outcome group (P=0.026). The NIHSS
at admission was 2.3%2.3 in the good outcome
group and 10.0£5.9 in the poor outcome group
(P<0.001). In the laboratory findings, WBC
count, hs-CRP, creatine kinase-MB (CK-MB),
and D-dimer were significantly higher in the
poor outcome group than the good outcome
group (P<0.05). The NLR was significantly
higher in the poor outcome group than the good
outcome group (6.51+85 vs. 2.747%2.28,
respectively, P<0.001) (Table 1).

Tablel. Baseline demographics and clinical characteristics of acute ischemic stroke patients according to

outcome.

Clinical parameter All (n=340) n?lggizo l:;ic;r;lj) nF;c;{osl;ozuzgc:)g]ée) P-value
Mean age (years) 67+12.3 64.2+11.6 76.5+9.6 <0.001
Females, n(%) 111 (32.6) 77 (28.1) 34 (51.5) 0.012
Hypertension, n(%) 225 (66.2) 167 (60.9) 58 (87.9) 0.023
Diabetes, n(%) 112 (32.9) 79 (28.8) 33 (50) 0.031
Hyperlipidemia, n(%) 84 (24.7) 64 (23.4) 20 (30.3) 0.785
CAD, n(%) 26 (7.6) 14 (5.0) 12 (18.2) 0.003
CHF, n(%) 13 (3.8) 5 (1.8) 8 (12.1) 0.001
Atrial fibrillation, n(%) 55 (16.2) 26 (9.5) 29 (43.9) <0.001
Smokers, n(%) 136 (40.0) 113 (41.2) 23 (34.8) 0.024
Alcohol consumption, n(%) 114 (33.5) 100 (36.5) 14 (21.2) 0.002
Systolic BP (mmHg) 158.9+27.9 158.9+28.4 158.9+26.6 0.999
Diastolic BP (mmHg) 88.7+17 88.9+16.2 88+19.6 0.751
Heart rate (/min) 79.3+17.3 77.9+15.8 84.2+21.1 0.026
BMI (kg/m?) 24+3.3 24.1+3.17 23.4+3.61 0.193
WBC (10°3/uL) 8.16+2.99 7.82+2.66 9.55+3.82 0.001
NLR 3.47+4.5 2.74+2.28 6.51+8.5 <0.001
Hemoglobin (g/dL) 13.66+1.79 13.76+1.74 13.24+1.93 0.034
Platelet count(10"3/uL) 221.7+68.1 226.4+69.8 202.4457.1 0.010
Total cholesterol (mg/dL) 191.8+45.5 191.1+42.9 194.1+53.5 0.679
HDL (mg/dL) 48.1+14.6 47.7+13.9 49.4+16.9 0.434
Triglycerides (mg/dL) 149.9495.9 156.7+101.3 126.9+70.8 0.008
LDL (mg/dL) 114.2441.1 114.2439.5 114.4+46.6 0.969
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hs-CRP (mg/dL) 0.83+2.42 0.55+1.69 1.75£3.91 0.021
Homocysteine (uMol/L) 13.63+7.38 13.89+7.78 12.74+5.81 0.330
CK-MB (U/L) 2.89+3.35 2.48+2.50 4.24+5.07 0.008
D-dimer (mg/L) 0.83+2.00 0.53+1.04 1.89+3.59 0.005
NIHSS on admission 4.1+4.7 2.3+2.3 1.0+£5.9 <0.001

CAD; coronary artery disease, CHF; congestive heart Failure, BP; blood pressure, BMI; body mass index,
WBC; white blood cell, NLR; neutrophil to lymphocyte ratio, HDL; high-density lipoprotein, LDL; low-density
lipoprotein, hs-CRP; high sensitivity C-reactive protein, CK-MB; creatine kinase-MB, NIHSS; National
Institutes of Health Stroke Scale, mRS; modified Rankin Scale. P-values were assessed using Student’s t-test,
Chi-square, or Fishes exact test.

3.3. Cut-Off Values for the Prediction of Poor outcome was 2.135, with a sensitivity of 86.4%

Outcome and a specificity of 53.3% (area under the curve:

0 ) .
In the ROC curve analysis, the optimal cut-off 0.739, 95% C1 0.673-0.805) (Fig. 1).
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Figurel. Receiver operating characteristic (ROC) curve of the neutrophil-lymphocyte ratio (NLR) for the
determination of the optimal cut-off value. The optimal cut-off value of the NLR for the prediction of poor short-
term outcome was 2.135 (sensitivity 86.4%, specificity 53.3%).

3.4.Independent Variables Associated with NHISS score at admission >4 (OR 26.4; 95% ClI
Poor Functional Outcome 9.81-71.15, P<0.001), serum hs-CRP level (OR
Multivariate  logistic  regression  analysis 1.2; 95% CI 1.01-1.34, P=0.041), and NLR

demonstrated that age >65 years (OR 10.2; 95% 22.135 _(OR 9.2; 95% Cl 3'_18'26'4' _P<O'001)
Cl 3.31-31.21, P<0.001), presence of diabetes ~ Were independently ~associated with poor
mellitus (OR 3.3; 95% CI 1.36-8.18, P=0.008), functional outcome (Table 2).

Table2. Independent predictors of poor outcome in acute ischemic stroke in a multivariate logistic regression
analysis.

Variables Univariated analysis P_value Mu_ltivariated analysis P_value
OR (95%Cl) Adjusted OR (95%CI)

Age >65 years 11.825(4.944-28.285) <0.001 10.16(3.31-31.21) <0.001
Sex (Female) 2.028(1.163-3.537) 0.013 0.967(0.418-2.236) 0.938
Hypertension 2.475(1.114-5.496) 0.026 1.233(0.388-3.912) 0.723
Diabetes 1.835(1.054-3.197) 0.032 3.339(1.363-8.180) 0.008
Atrial fibrillation 5.969(3.163-11.265) <0.001 2.239(0.861-5.821) 0.098
NIHSS score >4 26.684(1.416-57.402) <0.001 26.41(9.805-71.15) <0.001
Heart rate 1.02(1.005-1.036) 0.011 1.007(0.986-1.029) 0.511
hs-CRP 1.192(1.052-1.350) 0.006 1.161(1.006-1.339) 0.041
CK-MB 1.148(1.055-1.249) 0.001 1.118(0.999-1.251) 0.053
NLR >2.135 7.168(3.414-15.051) <0.001 9.158(3.177-26.40) <0.001

NIHSS; National Institutes of Health Stroke Scale, hs-CRP; high sensitivity C-reactive protein, CK-MB;
creatine kinase-MB, NLR; neutrophil to lymphocyte ratio, OR; odds ratio
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4. DISCUSSION

In the present study, we found that a high NLR
(>2.135) was associated with poor short-term
functional outcome after AIS. Therefore, the
NLR may be an effective prognostic predictor of
AlS.

Inflammatory processes play an important role
in AIS [28]. As inflammatory markers, different
subtypes of WBC may have different roles in
response to AlS. Previous studies have shown
that neutrophil and lymphocyte counts attribute
to the inflammatory response and to

atherosclerotic processes [29-31]. Cerebral
infarction results in liquefaction necrosis
through  inflammatory  processes.  These

inflammatory cells may exacerbate damage in
cerebral infarction by destroying the penumbra
[32].

The initial response to an ischemic brain zone is
the migration of neutrophils into the damaged
area [33]. In physiological conditions, the blood
brain barrier (BBB) controls the entry of
immune cells into the brain. However, the entry
of neutrophils is enhanced by a local BBB
breakdown induced by ischemia [12, 34, 35].
Perivascular neutrophil migration into the
intraparenchymal area occurs within 6 to 24
hours [35,36]. These neutrophils can accumulate
in the ischemic and reperfused areas, leading to
damage through mediators such as proteolytic
enzymes, elastase, arachidonic acid, and free
oxygen radicals [19, 20]. Haumer et al. reported
that neutrophil counts >5,800/ u L increased the
risk of major cardiovascular events, death, and
the composite of myocardial infarction, stroke,
and death compared with patients with
neutrophil counts <4,400/ . L [37].

Lymphocytes also play a role by regulating
immune responses. Lymphocytes are elevated 3-
6 days after stroke in the ischemic brain [38]. T-
cell lymphocytes may play an important role in
repairing inflamed tissues [39, 40]. This T-cell-
mediated repair modulates microglial activation
through the release of cytokines and growth
factors [39,40]. Lymphocytes are a prognostic
marker for cardiovascular disease but the role of
lymphocytes in  AIS remains controversial.
Some studies have demonstrated that decreased
lymphocyte counts are associated with poor
functional outcome [10,39].

The NLR is a simple, inexpensive, and readily
available inflammatory biomarker. Lately, the
NLR has been reported as an independent
predictor of the severity and mortality of acute
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coronary syndrome [17-23]. Several studies
have supported the hypothesis that the NLR is
an independent factor for predicting short-term
mortality and unfavorable functional outcome in
AIS [23, 24, 32, 34, 41]. Tokgoz et al. reported
that the NLR at the time of hospital admission
might be a predictor of short-term mortality
independent of infarct volume in patients with
AIS [42]. Furthermore, the NLR has been
reported to be an independent risk factor for the
incidence of AIS in generally healthy
populations [2]. In our study, the NLR and the
total WBC count were significantly higher in the
poor outcome group than in the good outcome
group, similar to results reported in other studies
[23, 24, 32-34]. This result remains significant
even after adjustment for various potential
confounders. The damage of the ischemic brain
caused by neutrophil infiltration and the release
of inflammatory mediators may explain the
association of the elevated NLR with poor short-
term functional outcome found in our results.

In our study, the optimal cut-off value of the
NLR for predicting unfavorable short-term
outcome was 2.135. Multivariate logistic
regression analysis demonstrated that an NLR
>2.135 was independently associated with poor
functional outcome. These findings show that
the NLR is an independent predicting factor of
short-term outcome in AIS. Additionally, age
>65 years, presence of diabetes mellitus, NHISS
score >4, and a serum hs-CRP level were also
independent predictors of poor functional
outcome.

Several studies have attempted to determine the
relationship between the NLR and stroke
subtype [23, 33, 41, 43, 44]. Most reports have
produced consistent results indicating that
lacunar stroke is associated with a lower NLR,
and that large artery disease is associated with a
higher NLR. However, we were unable to
propose that the prognostic value of NLR
differed according to stroke subtype because
stroke subtype was not analyzed in our study.

Theoretically, the inhibition of neutrophils may
be beneficial in stroke therapy and has been
shown to improve clinical outcome in some
experimental models [12, 13]. Our results also
propose that this therapy may be a potential
treatment option for AIS. However, clinical
studies have found anti-neutrophil therapy to be
an ineffective treatment for AIS [14, 15].
Further investigations and better understanding
of anti-neutrophil treatment may be needed to
improve outcomes in patients with AlS.
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This study had several limitations. First, the
sample size was too small to calculate a
multivariate analysis using all factors that
showed an influence in the univariate analysis.
Second, the study design was retrospective, and
the data were collected from a single center,
both of which may have caused selection bias.
Third, our study was based on a single test.
Repeated tests during cerebral infarction would
be more informative. Finally, although various
factors or diseases that might have affected
inflammatory markers were excluded, the list of
exclusionary factors was not exhaustive.

5. CONCLUSION

Our study showed that the NLR is a useful
marker for short-term functional outcome in
AIS. The NLR may have a role in risk
stratification for predicting poor outcome.
Further research is required in large prospective
cohorts to better understand the dynamic
changes in the NLR.
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