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Background: Early neurologic deterioration (END) in acute ischemic stroke could result in significant worsening of clinical
prognosis. Neutrophil lymphocyte ratio (NLR) is related to stroke severity and might be a predictor of short-term mortality in acute
ischemic stroke. This study investigated the relationship between NLR and END in anterior circulation stroke patients.

Methods: Consecutive patients with first-ever acute ischemic stroke admitted to hospital within 24-hour of symptom onset were
analyzed. NLR was calculated according to the Laboratory parameters obtained during the first 24 hours after admission. The rate of
the END was recorded during the first 72-hours of admission. Multivariate logistic regression was applied to investigate the
relationship between NLR and END.

Results: We included 228 consecutive patients within 24-hours of symptom onset for the final analysis. In total, 64 (28.1%)
experienced END during the first 72 hours after admission. Patients with END were more likely to have higher NLR (median NLR
3.8 vs 2.4; p<0.001) compared with those without END. Multivariate logistic regression revealed that NLR>2.65 (OR, 4.019; 95% CI,
1.937-8.337; p<0.001) was an independent predictor of END. Also, patients in high NLR subgroup (NLR>2.65) at admission were
more likely to have prolonged length of stays (median length of stays 12 vs 4; p<0.001).

Conclusion: This study found NLR was an independent predictor of END in patients with anterior circulation stroke.
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Introduction
END in patients with acute ischemic stroke could result in significant worsening of clinical prognosis. Several risk
factors for END have been reported in previous studies, including .':1ge,1’2 female,® stroke severity,z’4 internal carotid
artery occlusion,”’ leukocyte count,'** and C-Reactive Protein.* In addition, patients with a history of atrial fibrillation,*
cigarette smoking,* and heart failure'* were also related to END.

Brain tissue inflammation was a typical response to the vascular injury. It had been demonstrated that there was
a causal relationship between the inflammatory response and stroke-induced brain dysfunction and tissue injury.” Recent
research suggested that inflammation was a possible mechanism leading to END.® High neutrophil count in patients with
acute stroke was related to stroke severity and poor prognosis at three months, while low lymphocyte count was
predictive of poor neurologic improvement during the first week after admission.” Neutrophil lymphocyte ratio (NLR)
was related to stroke severity and might be a predictor of short-term mortality in acute ischemic stroke.*'° Moreover,
NLR was independently associated with the severity of coronary artery disease and progression of atherosclerosis in

patients undergoing angiography.'""'?
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Whether high NLR independently predicts END, has not been reported. Therefore, the objective of the present study
was to identify the possible relationship between NLR and END in patients with acute infarct of anterior circulation.

Methods

Patients

Consecutive patients with first-ever acute ischemic stroke who were admitted to Jinling hospital within 24-hours of
symptom onset were analyzed. Acute ischemic stroke was diagnosed if there were new focal neurologic deficits
explained by relevant lesions detected on diffusion weighted image (DWI) or computed tomography (CT). Subjects
with anterior circulation infarction were eligible for inclusion. The exclusion criteria included patients who were (1)
diagnosed with infection 72 hours pre or post admission, (2) presently using corticosteroids or other immunosuppressive
drugs, (3) diagnosed with cancer or immune system disease, and (4) with incomplete medical records.

Demographic and Clinical Data Collection

The baseline data were collected from case database: demographic data (age and sex); vascular risk factors (hypertension,
diabetes mellitus, hypercholesterolemia, atrial fibrillation, cigarette smoking, alcohol drinking, coronary heart disease and
myocardial infarction); vital signs (blood pressure); time from stroke onset to admission; duration of hospitalization;
laboratory parameters (total white blood cell count and subtypes, total cholesterol, LDL-cholesterol, HDL-cholesterol,
triglycerides, creatinine, serum glucose, albumin, and hematocrit). Laboratory parameters were analyzed from fasting
blood samples obtained during the first 24 hours after admission. NLR was calculated as the ratio of neutrophil count to
lymphocyte count. Etiological classification of stroke was determined according to the Trial of Org 10172 in Acute
Stroke Treatment (TOAST) criteria.'> The NIHSS scores were recorded by experienced neurologists immediately after
admission, at 72h after hospitalization, and on discharge. Functional impairment was evaluated using the modified
Rankin Scale (mRS) on discharge.

Treatment and Neurological Assessment

During the stay in hospital, patients treated with tissue plasminogen activator (tPA) or endovascular therapy were
excluded. Guideline-based treatments'* were taken in the enrolled subjects. Other treatments such as expectant treatment
and management of cardiovascular risk factors were implemented, as appropriate. We defined END as an increase of >2
points in the National Institutes of Health Stroke Scale (NIHSS) score after 72-hours of admission.

Ethics Statement and Patient Consents

The study was approved by the Clinical Trials Ethics Committee of Jinling Hospital. The guidelines outlined in the
Declaration of Helsinki were followed. Informed consent was obtained from each of the study participants or their
authorized delegators.

Statistical Analysis

Continuous data were presented as mean + standard deviation (SD) or median value with interquartile ranges (IQR), and
were evaluated using student ¢ test or Mann—Whitney U-test. Categorical data were expressed as frequencies and
percentage, and were assessed using chi-square test or Fisher exact test, as appropriate. Stepwise forward conditional
process was applied on the multiple logistic regression model to analyze the correlation between the presence of END
and other covariates. The results were expressed as odds ratios (OR) with 95% confidence intervals (CI). Receiver
operating curve (ROC) analysis was drawn to calculate the optimal cut-off values of NLR to predict END. A 2-sided
P<0.05 was considered statistically significant.

Results
A total of 228 consecutive patients were included in the analysis. The mean age was 61 years, of whom 67% were male.
64 (28.1%) experienced END during the first 72 hours after admission according to the definition. Two patients with
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END were dead during hospitalization. The median of the difference between the admission NIHSS score and 72 hours
NIHSS score was 2 (IQR, 2 to 3) in the END group. Table 1 summarized the demographic and clinical characteristics in
patients with END and without END. END was associated with systolic blood pressure, HDL-cholesterol level, serum
glucose, neutrophil counts, lymphocyte counts, NLR and stroke severity at admission. NIHSS score at admission was
significantly higher in patients with END than patients without END (median NIHSS score 5 vs 4; p=0.011). Subjects
with END were more likely to have higher NLR (median NLR 3.8 vs 2.4; p<0.001), higher neutrophil counts (median
neutrophil counts 5.3 vs 4.4; p=0.006), and lower lymphocyte counts (mean lymphocyte counts 1.6 vs 1.9; p=0.006)
compared with subjects without END.

Age, sex, and variables that were statistically significant (p<0.05) in univariate analyses were performed as covariates
in multivariate logistic regression analysis. NLR was included in the logistic regression model as a dichotomous variable
(above median, >2.65; below or equal to the median, <2.65), and NIHSS score at admission was also determined as
a dichotomous variable (above median, >4; below or equal to the median, <4).

Table | Demographic Information and Clinical Characteristics

END (n=64) NO END (n=164) | P
Age, years, mean + SD 60.8+12.9 61.4+12.5 0.771
Female (%) 25(39.1) 50(30.5) 0.216
Time from stroke onset to visit the hospital, hours, median (IQR) | 20(9-24) 17(7-24) 0.279
Systolic blood pressure at admission*, mmHg, median (IQR) 142(135-160) 140(130-150) 0.022
Diastolic blood pressure at admission, mmHg, median (IQR) 85(80-94) 80(78-90) 0.090
Total WBC, 10%/L, median (IQR) 7.7(6.3-9.3) 6.9(5.9-8.4) 0.085
Neutrophil count¥, 10°/L, median (IQR) 5.3(4.0-7.4) 4.4(3.5-5.6) 0.006
Lymphocyte count®, 10°/L, mean * SD 1.6+0.7 1.9+0.7 0.006
NLR*, median (IQR) 3.8(2.6-7.6) 2.4(1.7-3.7) <0.001
Total cholesterol, mmol/L, mean + SD 47+1.0 46%1.2 0.585
LDL-cholesterol, mmol/L, mean * SD 2.8+0.9 2.9+1.0 0.602
HDL-cholesterol*, mmol/L, mean + SD 1.2+0.4 1.1£0.3 0.020
Triglycerides, mmol/L, median (IQR) 1.3(1.0-1.7) 1.2(0.9-1.6) 0.208
Creatinine, mmol/L, median (IQR) 64.0(51.0-81.0) | 70.5(59.0-82.0) 0.060
Serum glucose at admission*, mmol/L*, median (IQR) 5.7(4.9-9.0) 5.0(4.6-6.3) <0.001
Albumin, g/L, mean + SD 43.8+3.5 43.2+3.6 0.262
Hematocrit, mean * SD 0.4+0.0 0.4+0.0 0.095
Hypertension yes, (%) 45(70.3) 99(60.4) 0.162
Diabetes mellitus yes, (%) 16(25) 29(17.7) 0.212
Hypercholesterolemia yes, (%) 6(9.4) 5(3.0) 0.097
Atrial fibrillation yes, (%) 4(6.3) 17(10.4) 0.334
Cigarette smoking yes, (%) 24(37.5) 55(33.5) 0.572
Alcohol drinking yes, (%) 14(21.9) 27(16.5) 0.339
Coronary heart disease yes, (%) 4(6.3) 9(5.5) 1.000
Myocardial infarction yes, (%) 0(0) 2(1.2) 1.000
Stroke subtype(TOAST), (%) 0.061
Large artery atherothrombosis 51(79.7) 102(62.2)
Small vessel disease 8(12.5) 37(22.6)
Cardioembolic 2(3.1) 17(10.4)
Undetermined 0(0) 3(1.8)
Other 3(4.7) 5(3.0)
NIHSS score at admission*, median (IQR) 5(3-9) 4(2-8) 0.011

Notes: Data are expressed as n (%), mean * SD, or median (25th and 75th percentiles). *P<0.05.
Abbreviations: END, early neurologic deterioration; SD, standard deviation; IQR, interquartile range; WBC, white blood cell; NLR,
neutrophil to lymphocyte ratio; LDL, low-density cholesterol; HDL, high-density cholesterol; NIHSS, National Institutes of Health Stroke

Scale.
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Table 2 Logistic Regression Model to Predict END

OR P 95% CI
NLR>2.65*" 4.019 | <0.001 | 1.937-8.337
Serum glucose at admission, mmol/L* | 1.178 | 0.025 1.021-1.359
HDL-cholesterol, mmol/L* 3.140 | 0.038 1.066-9.247

Notes: * 2.65 being the median of NLR was determined as a dichotomous variable.
*P<0.05.
Abbreviations: NLR, neutrophil to lymphocyte ratio; HDL, high-density cholesterol.

Multivariate logistic regression analysis revealed that NLR>2.65 (OR, 4.019; 95% CI, 1.937-8.337; p<0.001) HDL-
cholesterol (OR, 3.140; 95% CI, 1.066-9.247; p=0.038) and serum glucose at admission (OR, 1.178; 95% ClI,
1.021-1.359; p=0.025) were independent predictors of END (Table 2). Patients with a NLR>2.65 were almost 4 times
more likely to develop END than patients with NLR<2.65. In the ROC curve, the optimal cut-off value for NLR was
determined as 2.68 to predict END with sensitivity of 75% and specificity of 60.98% (area under the ROC curve, 0.72;
95% CI, 0.657-0.777; P <0.001) (Figure 1).

We divided the study population into two group (high NLR group and low NLR group) based on the median (2.65) of
NLR, finding that the patients in high NLR subgroup (NLR>2.65) at admission were more likely to have pro-
longed length of stays (median length of stays 12 vs 4; p<0.001), while patients in low NLR subgroup (NLR<2.65)
had a relationship with favorable outcome at discharge (MRS 0-2) (the percentage of patients in favorable outcome at
discharge 80.7% vs 52.6%; p<0.001) (Table 3).

Discussion

The study found that NLR was an independent predictor of END in patients with anterior circulation stroke. Moreover,
NLR>2.68 was determined to be an optimal cut-off value to predict END. As to the definition of END, different studies
have used different diagnostic criteria and timeframes, resulting in inconsistent incidence rates and associated factors.

The incidence of END in patients with ischemic stroke varies widely (13-37%).'> Present study showed END was

NLR
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Figure | Receiver operating curves (ROC) of neutrophil lymphocyte ratio (NLR) to predict early neurologic deterioration (END) in patients with anterior circulation
Stroke.
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Table 3 Short-Term Outcome Characteristics

High NLR® Low NLR® P
(NLR>2.65) | (NLR<2.65)

NIHSS score at discharge* 4(2-8) 2(1-4) <0.001
Favorable outcome at discharge*® 60(52.6) 92(80.7) <0.001
Length of stay, days* 12(9-15) 10(8-12) <0.001

Notes: modified Rankin Scale (mRS) on discharge 0-2. “We divided the study population into two
group (high NLR group and low NLR group) based on the median (2.65) of NLR. *P<0.05.
Abbreviation: NIHSS, National Institutes of Health Stroke Scale.

presented in 28.1% of patients with anterior circulation stroke. In the study of patients with posterior circulation acute
ischemic stroke, total white blood cell count (p=0.132) and NLR (p=0.863) were not significantly associated with END.
It may be due to inappropriate assessment of the spectrum of posterior circulation-related neurologic deficits, using
NIHSS score.'® Therefore, our study chose the subjects with anterior circulation lesion as inclusion criteria.

Inflammatory response was thought to be implicated in all stages of ischemic stroke, from brain cell necrosis of the
early stage triggered by the interruption of blood supply, to the recovery and repair of post-ischemic tissue of the late
stage. The inflammatory response to cerebral injury region resulted in the evolution of ischemic brain injury and the
deterioration of neurological function.'” Through different approaches, as a marker of systemic inflammation, leukocytes
further aggravated ischemic cerebral tissue injury.'® Neutrophils initially infiltrated ischemic brain at about 612 hours
post-ischemia, while lymphocyte recruitment in the ischemic brain was relatively late, occurring within 3 to 6 days in
stroke model.'® Lymphocytes play a protective role by releasing anti-inflammatory cytokines and repairing the inflamed
tissues, at the same time they play a deleterious role associated with the development of inflammation, and different
subtypes of lymphocytes play a different role in response to cerebral ischemia.'®'® Clinical evidence confirmed that early
higher leukocytes and neutrophil counts were associated with larger infarct volumes and increased stroke severity in early
stage of ischemia.?® In several studies, leukocytes had been found to be related with END in acute stroke patients.**'
However, this relationship was not found in other studies.** In our study, there was not a statistically significant
relationship between leukocytes and END. Kim et al’ showed that patients with lower lymphocyte counts were more
likely to have less improvement of neurological function during the first week after admission and worse long-term
functional outcome. While studies on the evaluation of neutrophils and lymphocytes were insufficient, as an indicator of
systemic inflammation,” NLR integrated the information of two different and important immuno-inflammatory
responses, and was more predictive than either parameter alone. Recently, studies have found the important role of
NLR in predicting clinical prognosis in acute ischemic stroke.”'° High NLR increased the size of infarct independent
from the etiology,”* which may be associated with stroke severity and poor short-term clinical outcome.

In multiple logistic regression models with a stepwise forward conditional process, we respectively replaced
NLR>2.65 with neutrophil count and lymphocyte count to predict END. We found that neutrophil count and lymphocyte
count were not independent predictors of END. Systolic blood pressure at admission has been found to be associated with
increased risk of progressing stroke.?” This was confirmed in our study. Systolic blood pressure in patients with END was
higher than patients without END (median systolic blood pressure 142mmHg vs 140mmHg, p=0.022). We found high
serum glucose level at admission was an independent risk of END in accordance with previous studies.” It has been
demonstrated that admission stress hyperglycemia was related to poor outcome after an ischemia stroke through
exacerbation of cerebral ischemia damage.?® Contrary to our expectations, high levels of HDL-cholesterol was identified
as a predictor of END. Using the same definition of END, Woo-Keun Seo® obtained the consistent result. Woo-Keun
Seo® speculated that acute brain infarction contributed to an acute phase response, then converted HDL-cholesterol from
anti-inflammatory to proinflammatory and can be associated with END, or the association might be a chance event. The
HDL-cholesterol may link to the use of statin. Statin not only influence the lipid profile but also has a local anti-
inflammatory effect. Also, statin withdrawal and adherence is associated with stroke outcomes.?® Although all patients
were treated with statin after admission, data regarding statin use before admission was not analyzed in our study. This
limitation should be noticed and may lead to further study. Several studies confirmed NIHSS score at admission could
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predict END,%?'7 but not all.'***2° The risk of END associated with greater admission NIHSS score may be due to the
consistency between NIHSS score and infarct volume, which was associated with great risk of developing edema in
patients with acute stroke.” In univariate logistic regression analysis, NIHSS score >4 (median NIHSS score) was an
independent risk of END (OR, 1.993; 95% CI, 1.106-3.593; p=0.022). However, after adjusting for age, female, HDL-
cholesterol, serum glucose, NLR, and systolic blood pressure at admission, we did not find NIHSS score >4 at admission
was predictive of END.

Our study also had several limitations. First, the exact increase of the National Institutes of Health Stroke Scale
(NIHSS) score to evaluate END is under discussion. At least one study recommended NIHSS score by >2 points as
a sensitive indicator of death and major disability. There is no common consensus on the exact definition of END. The
widely used definition is an increase of >2 or 4 points in NIHSS score after 48—120 hours of admission.'>*° In our study,
we defined END as an increase of >2 points in NIHSS score after 72-hours of admission. The difference on the definition
of END may lead to different results. Second, the data were collected from a retrospective stroke registry, and the limited
number of study subjects may be subject to bias. Finally, several risks of END were not analyzed, such as the size of
cerebral infarction area. Hence, large sample analysis and multi-center studies are needed to further explore the
relationship between NLR and END.

In conclusion, NLR at admission was independently associated with END in patients with acute ischemic stroke of
anterior circulation lesion. As an inexpensive and easy to obtain biomarker, NLR may serve as a clinically practical
indicator for assessing risks of END after acute infarction.
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