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Severe stroke
Tissue plasminogen activator

NC (p = 0.001) and NLR (p = 0.002) were independently predictive of higher NIHSS. Multiple
stepwise logistic regression analysis showed that NC was independently associated with
severe stroke (p < 0.0001). The best discriminating factor for in-hospital mortality with
respect to NLR was >3.20 (sensitivity 62.7%, specificity 60.3%, likelihood ratio: 12.2). Patients
with NLR >3.20 had a 2.55-fold increased risk for in-hospital mortality (OR = 1.49—4.37)
compared to patients with NLR <3.20. The best discriminating factor for severe stroke (>16
NIHSS) with respect to NC was >74% (sensitivity 47.1%, specificity 74.0%, likelihood ratio:
29.0). Patients with NC >74% had a 2.54-fold increased risk of severe stroke (OR = 1.82—3.54)
compared to patients with NC <74%.

Conclusion: NLR was independently associated with in-hospital mortality and higher NC
was independently predictive of severe stroke.

At a glance commentary
Scientific background on the subject

This study tested the impact of higher neutrophil counts
and neutrophil-to-lymphocyte ratio on prognostic
outcome in patients after acute ischemic stroke.

What this study adds to the field

The results of the study demonstrated that higher
neutrophil counts and neutrophil-to lymphocyte ratio
were independently predictive of unfavorable prognostic
outcome in patients with non-atrial fibrillation-caused
ischemic stroke.

Stroke is one of the most common global causes of mor-
tality and disability [1,2]. Currently, acute ischemic stroke (IS)
treatment is limited thrombolytic therapy utilizing tissue
plasminogen activator (tPA) [3]. However, a rather large
number of contraindications restrict its scope in clinical
practice [3—6]. Furthermore, tPA appears to have a relatively
high incidence of intracranial bleeding complications [3—7].
Thus, currently, only a limited number of acute IS patients are
candidates for tPA therapy. Therefore, conventional therapy
(i.e., supportive care and rehabilitation) remains the mainstay
treatment for the majority of patients after acute IS. Therefore,
the discovery of a simple and accurate factor for risk-factor
stratification and for daily clinical application for prediction
of prognostic outcome after acute IS is of utmost importance
to the multidisciplinary team who take care of IS patients.

The most commonly assessed markers of prognostic
outcome after acute IS are age [8,9], infarct volume [9], and
baseline National Institutes of Health Stroke Scale (NIHSS)
score [2,3,7,9]. Interestingly, for purposes of more complete and
accurate assessment of the prognostic outcome after acute IS,
investigators have continuously identified new potential risk
associated biomarkers such as leukocyte count [10], proteins
and microRNA [11,12], pro-inflammatory cytokines [13,14], and
inflammatory biomarkers[15], as well as platelet reactivity [16].
Although most of these biomarkers were shown to offer addi-
tional accessory prognostic information, limitations of these
blood biomarkers included expense, amount of time needed to
complete the examination, and effectiveness in the laboratory
that does not translate well to clinical application.

It is well recognized that atherosclerosis is an inflamma-
tory process, and inflammatory biomarkers have been iden-
tified as wuseful predictors of clinical outcome. The
neutrophil-lymphocyte ratio (NLR) has previously been
established as a systemic inflammatory biomarker [17,18].
Interestingly, abundant data have shown that NLR is a useful
biomarker predictive of untoward clinical outcome in the
setting of acute myocardial infarction (AMI) [19—-21]. On the
other hand, ischemic heart disease (IHD) and cerebrovascular
disease (CVD) comprise the majority of the same causal eti-
ologies. Thus, IHD and CVD are two sides of the same coin.
Surprisingly, while NLR has been displayed to be associated
with increased risk of mortality in AMI patients undergoing
primary percutaneous coronary intervention (PCI) [19—21], the
prognostic value of NLR in IS patients has seldom been re-
ported [22,23], suggesting a need for further studies to address
this issue. This study, therefore, tested the hypothesis that
NLR might be a simple, inexpensive and readily available
marker of prognosis in acute IS.

Methods
Patient population and data collection

According to the IS treatment program (i.e., Program for Acute
Ischemic Stroke Registry) at Kaohsiung Chang Gang Memorial
Hospital, since January 2010 patients of any age with acute IS
must be completely registered. Thus all acute IS patients were
prospectively identified, both detailed in-hospital and follow-
up data including age, sex, coronary artery disease risk fac-
tors, NIHSS score on admission, time onset of IS, laboratory
findings (i.e., complete blood count, differential count,
biochemistry), computerized tomography, magnetic reso-
nance imaging (MRI), duplex scanning of the carotid arteries,
routine cardiac analysis by of 12-lead electrocardiogram and
echocardiography, chest X-ray, carotid Doppler examination,
drug history and family history, and any in-hospital adverse
event as well as in-hospital mortality were obtained. These
data were prospectively collected and entered into digital
database.

This study was based on the Declaration of Helsinki
(revised 2013). Written informed consent was obtained from
all study participants. And this study was approved by the
Institutional Review Committee on Human Research at
Kaohsiung Chang Gung Memorial Hospital (IRB number: 102-
1583A3).
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Definition of IS, physical examination and neurological
assessment

Stroke was defined as sudden onset of loss of global or focal
cerebral function persisting for more than 24 h. Evaluation of
physical function and neurological impairment of stroke pa-
tients was based on the National Institutes of Health Stroke
Scale (NIHSS).

We stratified patients according to stroke severity using
admission NIHSS scores into three groups: (1) Mild stroke
(NIHSS < 6), (2) Moderate stroke (NIHSS > 6 and <16, and (3)
Severe stroke (NIHSS > 16). This classification was based on
the previously report [24] with some modification.

Patient enrollment, inclusion and exclusion criteria

For the purpose of this study, inclusion criteria were a score of
>2 on the NIHSS and a time window of <48 h from onset of
symptoms to blood sampling (at 48 h after IS). Patients with a
history of the following were excluded from the study: intra-
cranial hemorrhage, surgery or trauma within the preceding 3
months, hematology disorders, renal insufficiency [i.e., esti-
mated glomerular filtration rate (eGFR) < 20 (mL/min/
1.73 m?)], malignancy, febrile disorders, acute or chronic in-
flammatory disease at study entry, liver cirrhosis, atrial
fibrillation, contraindications for MRI examination, no evi-
dence of acute IS by MRI study, myeloproliferative disorder, or
autoimmune disease.

Accordingly, between April 2012 and August 2014, a total
number of 1731 consecutive patients were enrolled for the
study after IS. Of these patients, 1055 were categorized into
mild stroke (Group 1), 519 were categorized into moderate
stroke (Group 2), and the remainder of 157 were categorized
into severe stroke (Group 3) in this study.

Medications

Aspirin was the first choice for acute stroke patients unless
they were allergic or intolerant to aspirin, such as having a
history of peptic ulcer or upper gastro-intestinal tract bleeding
during aspirin therapy. Clopidogrel was used in patients
intolerant to aspirin therapy. Other commonly used drugs
included statins, angiotensin converting enzyme inhibitors,
calcium channel blocker agents and beta-blocker agents.

Statistical analysis

Categorical data among the three groups were compared
using chi-square test and those of continuous variables
among three groups were compared using one-way ANOVA
followed by Tukey's multiple comparison procedure. The
relationship between NIHSS score and prognostic variables
was analyzed by linear regression. Multivariate logistic
regression analysis with stepwise selection was utilized for
identifying the independent predictors of prognostic out-
comes. Statistical analysis was performed using SAS statisti-
cal software for Windows version 8.2 (SAS institute, Cary, NC).
A value of P < 0.05 was considered statistically significant and
all statistical tests were two-sided.

Results
Baseline characteristics among three groups [Table 1]

There were no significant differences in terms of diabetes
mellitus, hypertension, systolic blood pressure, history of
myocardial infarction, incidence of peripheral
occluded disease, and incidence of obstructive coronary artery
disease undergoing percutaneous coronary artery interven-
tion. Additionally, the incidences of congestive heart failure
and utilizations of angiotensin converting enzyme inhibitor
and angiotensin II type receptor blocker were similar among
the three groups. Furthermore, carotid Doppler study showed
the peak blood flow velocity of the left internal carotid artery
(LICA), peak blood flow velocity of the right internal carotid
artery (RICA), ratio velocity of LICA/left common carotid artery
(LCCA), and ratio velocity of RICA/right common carotid artery
(RCCA) did not differ among three groups.

However, age and incidence of old stroke were significantly
higher in group 3 than in groups 1 and 2, and significantly
higher in group 2 than in group 1, whereas male gender and
history of smoking showed an opposite pattern of age among
the three groups. Additionally, the incidence of statin use was
significantly lower in group 3 than in groups 1 and 2, but it
showed no difference between groups 1 and 2. Furthermore,
the peak blood flow velocity of LCCA and the peak blood flow
velocity of RCCA were significantly higher in group 1 than in
groups 2 and 3, but they showed no difference between the
latter two groups.

arterial

Laboratory findings and in-hospital death among 1731
study subjects [Table 2]

Laboratory findings demonstrated that white blood cell
count, platelet count, monocyte count, neutrophil-to-
monocyte ratio, platelet-to-neutrophil ratio, eGFR and the
creatinine level did not differ among the three groups. How-
ever, the levels of total cholesterol and low-density lipopro-
tein, and lymphocyte count were significantly higher in
groups 1 and 2 than in group 3, but exhibited no difference
between the former two groups. Additionally, the neutrophil
count and the NLR (i.e,, the ratio of neutrophils-to-
lymphocytes) were significantly higher in group 3 than in
groups 1 and 2, and significantly higher in group 2 than in
group 1. Furthermore, the hemoglobin level was higher in
group 2 than in group 3, but displayed no difference between
groups 1 and 2 or between groups 1 and 3. Moreover, the in-
hospital mortality rate was significantly higher in group 3
than in groups 1 and 2, but it showed no difference between
groups 1 and 2.

Univariate and multiple stepwise logistic regression
analyses of predictors for in-hospital mortality [Tables 3 and
4 and Fig. 1]

Variables in Tables 1 and 2 were enrolled for univariate
analysis for finding the significant predictors related to in-
hospital mortality. As shown in Table 3, age, lymphocyte
count and lower hemoglobin were strongly associated with in-
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Table 1 Baseline characteristics of 1731 study patients.

Variables Group 1 (n = 1055)* Group 2 (n = 519)* Group 3 (n = 157)* p value®
Age (y) 66.4" + 12.3 69.3% + 12.5 74.7¢ +12.3 <0.0001
Male gender 68.3% (720)* 57.8% (300)® 45.9% (72)¢ <0.0001
Diabetes mellitus 40.4% (426) 42.6% (221) 36.9% (58) 0.422
Hypertension 74.2% (783) 76.3% (396) 72.6% (114) 0.550
Smoking 29.3% (309)* 21.6% (112)B 14.0% (22)° <0.0001
Systolic blood pressure (mmHg)® 156.2 + 27.8 156.6 + 29.6 155.1 + 31.2 0.852
Diastolic blood pressure (mmHg)® 87.28% + 14.7 86.84F + 18.2 83.7° + 16.9 0.040
Old stroke 28.9% (305)* 37.0% (192)® 45.2% (71)© <0.0001
History of myocardial infarction 3.2% (35) 2.9% (15) 2.6% (4) 0.868
Presence of PAOD 1.3% (14) 2.1% (11) 0.6% (1) 0.309
History of obstructive CAD® 5.8% (61) 4.4% (23) 3.85 (6) 0.377
Congestive heart failure? 1.3% (14) 2.5% (13) 2.6% (4) 0.192
ACEI use 7.9% (79) 6.5% (36) 8.3% (13) 0.838
ARB use 34.0% (359) 32.4% (168) 24.8% (39) 0.071
Statin use 41.9% (442)* 43.4% (225)* 31.9% (50)® 0.033
Peak blood flow velocity of LICA 735 +41.2 71.7 £ 50.5 67.1 +41.8 0.248
Peak blood flow velocity of LCCA 75.9% + 225 72.8% + 26.8 67.9% + 25.2 0.0002
Ratio velocity of LICA/LCCA 1.03 + 0.71 1.05 + 0.81 1.06 + 0.82 0.861
Peak blood flow velocity of RICA 71.5 £ 43.9 69.9 + 48.6 65.0 + 32.4 0.244
Peak blood flow velocity of RCCA 70.8% + 224 67.25 +23.3 65.0° + 23.0 0.0008
Ratio velocity of RICA/RCCA 1.09 + 0.95 1.12 + 1.00 1.08 + 0.65 0.876

Data are expressed as mean + S.D. or % (n).

Abbreviations: PAOD: peripheral arterial obstructive disease; CAD: coronary artery disease; ACEL: angiotensin converting enzyme inhibitor; ARB:

angiotensin II type receptor blocker; LICA: left internal carotid artery; LCCA: left common carotid artery; RICA: right internal carotid artery;

RCCA: right common carotid artery.

& Group 1 = patients with National Institute of Health Stroke Scale (NIHSS) <6.0. Group 2 = patients with NIHSS >6.0 and <16.0. Group
3 = patients with NIHSS >16.0.

b Defined as the blood pressure measured upon presentation.

¢ Defined as patients having significant CAD and who received coronary intervention.

4 Defined as advanced congestive heart failure (>New York Heart Association Functional Class III).

¢ Indicated continuous data were analyzed using one-way ANOVA, and categorical data were analyzed by chi-square test. Different letters (* ® €)
indicated significant difference (at 0.05 level) by Tukey's multiple comparison procedure.

hospital mortality. Additionally, old stroke, congestive heart of in-hospital mortality. Additionally, NLR and congestive
failure, neutrophil count, and NLR were also significantly heart failure were correlated with in-hospital mortality,

predictive of in-hospital mortality. significantly and independently.

The multiple stepwise logistic regression analysis demon- Receiver operating characteristics (ROC) curve analysis
strated that age was the most strongly independent predictor [Fig. 1] revealed that the best discriminating factor for in-
Variables Group 1 (n = 1055)* Group 2 (n = 519)* Group 3 (n = 157)* p value®
Total cholesterol level (mg/dL) 177.6% + 41.7 175.5% + 43.2 161.7% + 39.1 <0.0001

Low-density lipoprotein 105.6" + 36.6 106.3* + 35.0 95.2% + 34.4 0.002
White blood cell count (x10%)/mL 9.8 +25.1 82+34 8.6 +3.2 0.846
Neutrophil (N) (%) 65.2% + 11.5 68.25 +11.8 71.2° +12.8 <0.0001
Lymphocyte (L) (%) 26.2% + 10.0 25.2% + 29.6 20.9% + 11.3 0.003
Monocyte (M) (%) 6.1+47 58+24 59+23 0.413
Platelet (P) count (x10%/mL 213.0 + 111.7 213.8 +75.8 211.5 + 90.9 0.969
Ratio of N to L 354+ 43 44"+ 6.7 59+ 7.6 <0.0001
Ratio of N to M 13.8 +12.3 16.7 + 42.9 154 +13.2 0.113
Ratio of Pto S 3.34 +1.59 3.24 +1.28 3.06 + 1.40 0.054
Hemoglobin (g/dL) 13.6% +4.6 13.3%B + 2.2 12.74 + 2.3 0.014
Creatinine (mg/dL) 1.6 +5.1 1.7+£23 1.2+13 0.058
eGFR (mL/min/1.73 m?) 70.5 + 29.7 66.7 + 32.7 70.8 + 33.4 0.512
In-hospital mortality 2.0% (21) 3.1% (16) 14.0% (22) <0.0001

Data are expressed as mean + S.D. or % (n).

Abbreviation: eGFR: estimated glomerular filtration rate.

@ Group 1 = patients with National Institute of Health Stroke Scale (NIHSS) <6.0. Group 2 = patients with NIHSS >6.0 and <16.0. Group
3 = patients with NIHSS >16.0.

b Indicated continuous data were analyzed using one-way ANOVA, and categorical data were analyzed by chi-square test. Different letters (* & €
indicated significant difference (at 0.05 level) by Tukey's multiple comparison procedure.
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hospital mortality with respect to NLR was >3.20 (sensitivity
62.7%, specificity 60.3%, likelihood ratio 12.2). Additionally,
those of patients with NLR >3.20 had a 2.55-fold increased
risk for in-hospital mortality (95% confidence interval;
OR = 1.49—4.37) compared to patients with NLR <3.20.

Univariate linear regression and multiple stepwise linear
regression analyses of relevant baseline variables for
predicting higher NIHSS in study patients [Tables 5 and 6]

Variables in Tables 1 and 2 were enrolled for univariate linear
regression analysis for finding the significant predictors
correlated with higher NITHSS. As shown in Table 5, old stroke,
neutrophil count and NLR were the most powerful predictors of
higher NIHSS. Additionally, age was also significantly predic-
tive of higher NIHSS. On the other hand, male gender, smoking
(i.e., smoking was notably increased in younger than in elder
patients) and peak blood flow velocity of LCCA were the most
powerful predictors of freedom from higher NIHSS. Besides,
diastolic blood pressure, peak blood flow velocity of RCCA, total
cholesterol level (an indicator of nutrient status), lymphocyte
count, ratio of platelet-to-neutrophil and hemoglobin level
were significantly associated with freedom from higher NIHSS.

The multiple stepwise linear regression analysis showed
that age and old stroke were the most strongly and indepen-
dently predictive of higher NIHSS. Additionally, neutrophil

Table 3 Univariate analysis of predictors of in-hospital
mortality.

Variables OR 95% CI p value
Age (yrs) 106  1.04-1.09 <0.0001
Male gender 0.85 0.50—1.44 0.543
Diabetes mellitus 0.93 0.55—1.58 0.781
Hypertension 0.99 0.55-1.80 0.983
Smoking 0.58 0.29-1.16 0.126
Systolic blood pressure 1.0 0.99—1.00 0.306
Diastolic blood pressure 1.0 0.97-1.01 0.213
Old stroke 2.03 1.21-3.42 0.008

History of myocardial infarction 1.74 0.53—5.74 0.365

Presence of PAOD <0.001 <0.001—1000 0.985
History of obstructive CAD 0.31 0.04—2247 0.244
Congestive heart failure® 4.43 1.50-13.10 0.007
Total cholesterol level 1.0 0.99—1.002 0.147
Low-density lipoprotein 1.0 0.99—1.007 0.877
White blood cell count 1.0 0.99-1.01 0.700
Neutrophil (N) 1.03  1.01-1.05 0.011
Lymphocyte (L) 0.95 0.92—-0.98 0.0001
Monocyte (M) 0.97 0.87—-1.08 0.564
Platelet (P) count 1.0 0.995-1.0 0.606
Ratio of N to L 1.04 1.02—-1.06 0.0006
Ratio of N to M 1.0 0.99-1.01 0.967
Ratio of P to N 0.87 0.69-1.10 0.250
Hemoglobin 0.79 0.71-0.87 <0.0001
Creatinine 1.01 0.98—1.05 0.414
eGFR 0.99 0.99-1.0 0.176

Abbreviations: OR: odds ratio; CI: confidence intervals; PAOD: pe-

ripheral arterial obstructive disease; CAD: coronary artery disease;

eGFR: estimated glomerular filtration rate (mL/min/1.73 m?).

@ Defined as advanced congestive heart failure (>New York Heart
Association Functional Class III).

Table 4 Multiple stepwise logistic regression analysis of

predictors for in-hospital mortality.

Variables OR 95% CI p value
Age 1.06 1.03-1.09 <0.0001
Congestive heart failure® 4.58 1.52-13.85 0.007
Ratio N to L 1.04 1.01-1.06 0.002

Abbreviations: OR: odds ratio; CI: confidence intervals; N: neutro-

phil; L: lymphocyte.

@ Defined as advanced congestive heart failure (>New York Heart
Association Functional Class III).

count and NLR were significantly and independently predic-
tive of higher NIHSS. In contrast, male gender and total
cholesterol level were significantly and independently pre-
dictive of freedom from higher NIHSS.

Univariate analysis and multiple stepwise logistic
regression analysis of predictors for severe NIHSS (i.e., >16)
[Tables 7 and 8 and Fig. 2]

Variables in Tables 1 and 2 were enrolled for univariate
analysis for identifying the significant predictors that were
associated with severe NIHSS. As displayed in Table 7, age and
neutrophil count were the most powerful predictors of severe
NIHSS. Additionally, old stroke and the NLR were also signif-
icantly associated with severe NIHSS. On the other hand, male
gender, total cholesterol level, lymphocyte count and hemo-
globin level were the most powerful predictors of freedom
from severe NIHSS. In addition, smoking, diastolic blood
pressure, low-density lipoprotein and the ratio of platelets-to-
neutrophils were also significantly predictive of freedom from
severe NIHSS.

The multiple stepwise logistic regression analysis showed
that age and new neutrophil count were most strongly and
independently predictive of severe NIHSS. Additionally, old
stroke was also found to be significantly and independently
predictive of severe NIHSS. On the other hand, male gender
and total cholesterol level were significantly and indepen-
dently predictive of freedom from severe NIHSS.

The ROC curve analysis [Fig. 2] revealed that the best
discriminating factor for severe stroke (defined as >16 NIHSS)
with respect to NC was >74% (sensitivity 47.1%, specificity

100
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Fig. 1 Receiver operating characteristics (ROC) curve analysis
revealed that the neutrophil-to-lymphocyte ratio (NLR) >3.20
was the most powerful predictor of in-hospital mortality
with a sensitivity 62.7%, a specificity 60.3%, p < 0.001;
likelihood ratio 12.2.
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Table 5 Univariate linear regression analysis of relevant

baseline variables for predicting higher NIHSS in study
patients.

Variables Regression p
Coefficient value
(95% CI)
Age 0.098 (0.077, 0.120) 0.008
Male gender —1.845 (—2.417, —1.273) <0.0001
Diabetes mellitus —0.020 (—0.588, 0.548)  0.945
Hypertension 0.143 (—0.499, 0.786) 0.662
Smoking —1.480 (—2.116, —0.844) <0.0001
Systolic blood pressure —0.002 (—0.012, 0.008) 0.705
Diastolic blood pressure —0.025 (—0.042, —0.008) 0.005
Old stroke 1.545 (0.955, 2.135) <0.0001
History of myocardial infarction —0.416 (—2.036, 1.205) 0.615
Presence of PAOD —0.917 (—3.213, 1.378)  0.433
History of obstructive CAD —0.725 (—1.982, 0.532)  0.258
Congestive heart failure® 0.876 (—1.229, 2.981) 0.414

Peak blood flow velocity of LICA —0.005 (—0.011, 0.001) 0.094
Peak blood flow velocity of LCCA —0.024 (—0.035, —0.013) <0.0001
Ratio velocity of LICA/LCCA 0.066 (—0.298, 0.429) 0.723
Peak blood flow velocity of RICA —0.004 (—0.010, 0.002) 0.163
Peak blood flow velocity of RCCA —0.020 (—0.032, —0.008) 0.001

Ratio velocity of RICA/RCCA 0.054 (—0.233, 0.343) 0.705
Total cholesterol level —0.013 (0.019, —0.006)  0.0002
Neutrophil (N), 0.081 (0.057, 0.104) <0.0001
Lymphocyte (L) —0.029 (—0.044, —0.014) 0.0002
Monocyte (M) —0.023 (—0.094, 0.047)  0.512
Platelet (P) count —0.001 (—0.003, 0.003) 0.943
Ratio of N to L 0.148 (0.098, 0.198) <0.0001
Ratio of N to M 0.006 (—0.004, 0.017) 0.275
Ratio of P to N —0.221 (—0.409, —0.034) 0.021
Hemoglobin —0.087 (~0.159, —0.015) 0.017
Creatinine —0.023 (—0.089, 0.043)  0.496
Egfr —0.004 (—0.013, 0.005)  0.400

Abbreviations: NIHSS: National Institutes of Health Stroke Scale;
PAOD: peripheral arterial obstructive disease; CAD: coronary artery
disease; LICA: left internal carotid artery; LCCA: left common ca-
rotid artery; RICA: right internal carotid artery; RCCA: right com-
mon carotid artery; eGFR: estimated glomerular filtration rate (mL/
min/1.73 m?); CI: confidence intervals.

# Defined as advanced congestive heart failure (>New York Heart

Association Functional Class III).

Table 6 Multiple stepwise linear regression analysis of

relevant baseline variables for predicting higher NIHSS in
study patients.

Variables Regression p
coefficient (95% CI)  value
Intercept —0.244 (—2.887,2.400)  0.857
Age (yrs) 0.073 (0.051, 0.095) <0.0001
Male gender —1.736 (—2.300, —1.172) <0.0001
Old stroke 1.200 (0.624, 1.776) <0.0001
Neutrophil (N) 0.051 (0.026, 0.077) 0.000
Ratio of N to L 0.077 (0.022, 0.133) 0.007

Total cholesterol level (mg/dL) —0.008 (—0.015, —0.002) 0.016

Abbreviations: NIHSS: National Institutes of Health Stroke Scale;
CI: confidence intervals.

Table 7 Univariate analysis of significant predictors for
severe NIHSS.?

Variables OR 95% CI p value
Age 1.06 1.04-1.07 <0.0001
Male gender 0.46 0.33—-0.64 <0.0001
Smoking 0.45 0.28-0.71 0.0007
Diastolic blood pressure 0.99 0.98—0.997 0.012
Old stroke 1.79 1.28-2.49 0.0006
Total cholesterol level 0.99 0.99-0.995 <0.0001
Low-density lipoprotein 0.99 0.99—0.996 0.0005
Neutrophil (N) 1.04 1.02—1.05 <0.0001
Lymphocyte (L) 0.96 0.94—0.98 <0.0001
Platelet (P) count 1.0 0.998—1.00 0.206
Ratio of S to L 1.04 1.02-1.06 0.0004
Ratio of P to N 0.84 0.73-0.98 0.026
Hemoglobin 0.87 0.81-0.93 0.0001

Abbreviations: OR: odds ratio; CI: confidence intervals;

PAOD: peripheral arterial obstructive disease; CAD: coronary artery

disease.

2 Severe NIHSS defined as >16 National Institute of Health Stroke
Scale (NIHSS).

74.0%, likelihood ratio 29.0). Additionally, those patients with
NC >74% had a 2.54-fold increased risk for severe stroke (95%
confidence interval; OR = 1.82—3.54) compared to patients
with NC <74%.

Discussion

This study investigated the impact of NC and NLR on pre-
dicting unfavorable outcome in in-hospital patients after IS
had several clinical implications. First, the NLR was estab-
lished to be strongly and significantly predictive of in-hospital
mortality, suggesting that NLR should be seriously considered
as an accessory biomarker for risk stratification in the setting
of acute IS. Second, the NC and NLR were identified to be
strongly associated with higher NIHSS, implying that both
these two parameters may be useful as supplementary bio-
markers for dividing IS patients into high-risk and low-risk
subgroups for optimal and individualized care. Third, NC
was displayed to be the strongest predictor of severe NIHSS,
highlighting that NC should be considered as a useful auxiliary
biomarker for more intensive care and pharmacomodulation
as well as the application of beneficially invasive intervention
for improving neurological function and clinical outcome.

Table 8 Multiple stepwise logistic regression analysis of
predictors for severe NIHSS.?

Variables OR 95% CI p value
Age 1.04 1.03-1.06 <0.0001
Male gender 0.45 0.32—0.64 <0.0001
Old stroke 1.50 1.06—2.14 0.0231
Neutrophil 1.03 1.02—1.05 <0.0001
Total cholesterol level 0.99 0.987—0.996 0.0006

Abbreviations: OR: odds ratio; CI: confidence intervals.
2 Severe NIHSS defined as >16 National Institute of Health Stroke
Scale (NIHSS).
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Fig. 2 Receiver operating characteristics (ROC) curve analysis
revealed that the neutrophil count (NC) >74% was the most
powerful predictor of severe stroke (i.e., NIHSS > 16) with a
sensitivity 47.1%, a specificity 74.0%, p < 0.001; likelihood
ratio 29.0.

Abundant data have shown that NC and NLR are stronger
inflammatory mediators than white blood cells (WBC) in
various diseases [17,18,25—27]. Of interest, NC and NLR are not
only inflammatory mediators but have also emerged as
important biomarkers for predicting adverse clinical out-
comes in various clinical settings, such as in solid tumors [27],
atrial fibrillation [28], non-ST segment elevation myocardial
infarction (non-STEMI) [29] and STEMI [19—-21] undergoing
primary PCI. Surprisingly, on the other hand, there are only a
few studies [22,23] that have investigated the impact of NC/
NLR on prognostic outcome in acute IS patients. The chief
concern of these studies is their sample size [22,23], which
was quite small and might not determine the true impact of
these biomarkers on predicting the short-term and long-term
prognostic outcome in patients after IS.

To the best of our knowledge, our present study is the
largest cohort study to investigate the impact of NC and NLR
on prediction of worse clinical outcome in patients after acute
IS. The most important finding in the present study was that
the NLR was significantly and independently predictive of in-
hospital mortality in patients after IS. Our finding, in addition
to supporting two recent articles [22,23] that reported that NLR
was significantly correlated with unfavorable clinical outcome
in patients after IS, highlights that NLR is a simple inexpensive
and readily available marker of prognosis in acute IS [22].

Another important finding was that this study demon-
strated a strong correlation between higher NIHSS and NC and
NLR. Interestingly, strong correlation between NLR and unfa-
vorable neurological status and symptomatic intracerebral
hemorrhage after thrombolytic therapy in acute IS patients
has been established by a recent study [30]. In this way, our
finding corroborated with the findings of the recent study [30],
and suggests that identification of two mediators could pro-
vide accurate stratification of IS patients into high-risk and
low-risk subgroups with new targets for neuroprotection [30].

Interestingly, the link between an increase in inflamma-
tion and poorer prognostic outcome in patients after acute IS
has been extensively investigated previously [13—15]. Addi-
tionally, neutrophils and lymphocytes, i.e., the major com-
ponents of white blood cell leukocyte count, and NLR have
been well recognized as indicators of inflammation [26,27,31]

for predicting prognostic outcome in various diseases. The
principal finding in the present study is that NC in circulation
is a powerful predictor of severe stroke. Accordingly, our
finding in addition to strengthening the findings of recent
study [26,27,31], encourage the use of NC as a useful auxiliary
biomarker for predicting neurological function and clinical
outcome in patients after IS.

Old age, old stroke and congestive heart failure have been
fully investigated as three powerful traditional risk factors for
predicting prognostic outcome in the setting of IHD [32—-34]
and CVD [8,9,16,35]. The present study identified that age
was one of most powerful predictors of in-hospital mortality,
higher NIHSS and severe stroke. Additionally, history of old
stroke was significantly and independently correlated to
higher NIHSS and severe stroke. Besides, congestive heart
failure was found to be strongly associated with in-hospital
mortality. In this way, our findings corroborated with the
findings of previous studies [8,9,16,35].

An intriguing finding in the present study was that male
gender was significantly correlated with free from higher
NIHSS and severe stroke. These findings may implicate that
the female gender may be a factor contributing to poor prog-
nostic outcome after acute IS. Comparably, previous study has
shown that female gender is a strong predictor of poor prog-
nostic outcome after AMI [33]. Our finding was supported by
the findings of previous study [33]. Another intriguing finding
in the present study was that high level of total cholesterol
was found to be significantly and independently predictive of
freedom from higher NIHSS and severe stroke. We remain
uncertain why such an unusual result emerged in the present
study. Perhaps, it could reflect old age accompanied malnu-
trition, which has been identified as a risk factor for poorer
prognostic outcome in the present study.

This study has limitations. First, although the predictive
value of NC and NLR on short-term prognostic outcome in
patients after acute IS is attractive and promising, the pre-
dictive value of these biomarkers on long-term prognostic
outcome after IS was not investigated by the present study.
Second, this study did not measure the patients' brain infarct
volume. Therefore, we did not provide the correlation be-
tween the brain infarct volume and circulating levels of NC
and NLR. Third, this study did not measure the correlation
between subtype of IS and the level of NLR.

In conclusion, the results of our study demonstrated that
NC and NLR are credible biomarkers with the advantage of
being inexpensive and readily available for predicting prog-
nostic outcome in patients after acute IS.
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