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Background: Eosinophil and monocyte have been demonstrated separately to be indepen-
dent predictors of acute ischemic stroke (AIS). This study aimed to evaluate the association
between eosinophil-to-monocyte ratio (EMR) and 3-month clinical outcome after treatment
with recombinant tissue plasminogen activator (rt-PA) for AIS patients. Simultaneously, we
made a simple comparison with other prognostic indicators, such as 24h neutrophil-to-
lymphocyte ratio (NLR) and 24h platelet-to-lymphocyte ratio (PLR) to investigate the
prognostic value of EMR.

Methods and Results: A total of 280 AIS patients receiving intravenous thrombolysis were
retrospectively recruited for this study. Complete blood count evaluations for EMR were
conducted on 24 hours admission. The poor outcome at 3-month was defined as the modified
Rankin Scale (mRS) of 3—6 and the mRS score for death was 6. The EMR levels in patients
with AIS were lower than those in the healthy controls and showed a negative correlation
with the NIHSS score. At the 3-month follow-up, multivariate logistic regression analysis
indicated an association among EMR, poor outcome and mortality. In addition, EMR had
a higher predictive ability than popular biomarkers like NLR and PLR for 3-month mortality.
Conclusion: The lower levels of EMR were independently associated with poor outcome
and dead status in AIS patients.

Keywords: acute ischemic stroke, eosinophil-to-monocyte ratio, intravenous thrombolysis,
treatment outcome, modified rankin scale

Introduction

Acute ischemic stroke (AIS) possesses a high morbidity and mortality. And its
pathophysiology, an inflammatory process involving endothelial activation, blood-
brain barrier disruption, oxidant and inflammatory mediator accumulation, contri-
butes to brain injury." Leukocytes, such as neutrophils, monocytes and lympho-
cytes, are vital inflammatory cells and play essential roles in atherosclerosis
development and progression. Ratio indices, calculated by subtypes of white
blood cells,
lymphocyte ratio (PLR), can be easily performed in routine practice as well as

such as neutrophil-to-lymphocyte ratio (NLR) and platelet-to-

have strong prognostic effects on clinical outcomes of AIS patients.””
Consequently, there is a growing trend for ratio indices to be used in predictions
of thrombolytic outcome in AIS patients. Some reports indicated that eosinophils
were inflammatory cells and were associated with severity of AIS.* It has been
reported that eosinophil-to-monocyte ratio (EMR) is a popular research topic for
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inflammatory hematologic scores and has an association
with mortality in patients with ST-elevation myocardial
infarction undergoing primary percutaneous coronary
intervention.” Both myocardial infarction and AIS are
vascular obstructive diseases, which means EMR may
possibly connect with the clinical outcome of AIS patients.
However, the association between EMR and the outcome
of AIS patients receiving thrombolysis has not been fully
clarified. Therefore, the purpose of this article was to
explore the relationship between EMR and 3-month clin-
ical outcome after thrombolytic therapy with recombinant
tissue plasminogen activator (rt-PA) for AIS patients.

Methods
Study Subjects

As shown in Figure 1, a total of 486 consecutive patients with
a clinical diagnosis of AIS from 2016 to 2019 were retro-
spectively recruited, in which 76 received a bridging therapy

consisting of rt-PA followed by endovascular therapy. They
were excluded for the following exclusion criteria: (1) with
rheumatic immune diseases; (2) with malignant tumor; (3)
with acute myocardial infarction; (4) with the incomplete
data [laboratory data such as eosinophil counts and monocyte
counts, evaluation data such as modified Rankin Scale (mRS)];
(5) with severe liver damage; (6) with severe kidney damage;
(7) with chronic inflammatory diseases. Finally, 280 cases
were included in this analysis. Meanwhile, after propensity
score matching, 130 cases were included as healthy con-
trols (HCs).

Data Collection

Data of patients was collected through the illness record:
demographics, medical history (hypertension, diabetes melli-
tus, hyperlipidemia and atrial fibrillation) and National
Institutes of Health Stroke Scale (NIHSS) on admission.
Additionally, 3-month mRS after the onset of AIS, collected
by two trained physicians on phone interview, was used to

consecutive 486 patients with a
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treated with intravenous thrombolysis
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a bridging therapy consisting of rt-PA
followed by endovascular therapy

v (n=76)

410 patients treated with

rheumatic immune diseases (n=30)
malignant tumor (n=9)

acute myocardial infarction (n=2)
miss data (n=55)

severe liver or kidney damage (n=9)
chronic inflammatory diseases (n=25)

healthy controls

(n=130)

t-PA

_ excluded

Y
total 280 patients were
enrolled

included

280 patients
130 healthy controls
were enrolled

Figure | Flow diagram showing the patient selection process.
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evaluate the functional outcome. Moreover, the variables
related to clinical outcomes such as Trial of Org 10,172 in
Acute Stroke Treatment (TOAST), infarct volume, Alberta
Stroke Program Early CT Score (ASPECT), symptomatic
intracranial hemorrhage (sSICH), door to needle time (DNT)
and onset of needle time (ONT) were also collected.
ASPECTS was rated on a scale from 10 (no early signs of
ischemia) to O (early ischemic changes in all 10 regions). One
point was subtracted from 10 for each of the defined regions.’
SICH was defined as evidence of hemorrhage on CT or MRI
that seemed to be associated with an increase in NIHSS score
of >4.%

Assessment of Eosinophil-to-Monocyte
Ratio

The whole blood samples were collected on 24 hours
admission and white blood cell counts and peripheral
differential counts were measured. EMR was calculated
using eosinophil counts divided by monocyte counts.
According to the EMR on 24 hours admission, all patients
were divided into tertiles.

Definitions of Outcome and Severity

With respect to NIHSS scores on admission, which could
evaluate the severity of AIS, AIS patients were grouped as
three levels: mild stroke (NIHSS scores: 0-5), moderate stroke
(NIHSS scores: 6-10), severe stroke (NIHSS scores: > 10).” In
accordance with 3-month mRS score, all patients were grouped
as two levels: good outcome group (mRS scores < 2) and poor
outcome group (mRS scores > 3).'% In addition, AIS patients
with a 3-month mRS score of 3—5 represented major disability
while mRS = 6 represented death.

Statistical Analysis

Statistical analyses were performed via SPSS Statistics 24.0
software (SPSS Inc., Chicago, IL) and MedCalc Statistical
Software version 15.2.2 (MedCalc Software bvba, Ostend,
Belgium; http://www.medcalc.org; 2015). The normality of

distribution was evaluated by the Kolmogorov—Smirnov test.
Continuous variables were expressed as the mean with stan-
dard deviation (mean + SD) or medians and interquartile range
(median, IQR) while categorical variables were described as
counts and percentages. Independent sample ¢ test, Mann—
Whitney U-test, one-way analysis of variance (ANOVA) or
Kruskal-Wallis test were used appropriately for the compar-
ison of continuous data. For categorical variables, chi-square
test was performed. The Fisher exact test was used if the
expected frequency was equal to or less than 5. To compare
whether there were differences in EMR between HCs and AIS
patients, people were divided into AIS group and HCs group.
The propensity score matching was used to match the age and
sex between the two groups with a match tolerance set at 0.02.
Baseline characteristics according to EMR tertiles and AIS
outcomes were also displayed. The Spearman and Chi-square
tests were used to analyze the correlation between EMR levels
and the severity of AIS. In order to investigate the association
between EMR and AIS outcomes, univariate logistic regres-
sion analysis was used. In the case where the univariable
analysis achieved statistical significance (p < 0.05), multivari-
able test was performed in addition. The receiver operating
curve (ROC) was applied to analyze the accuracy of the prog-
nosis of 24h EMR, 24h NLR, and 24h PLR for the 3-month
outcome of AIS patients receiving thrombolysis. The differ-
ences in discriminative ability were tested using the DeLong
method."" Statistical significance was set at p < 0.05.

The study was approved by the Ethics Committee of
our hospital and was performed in accordance with the
Declaration of Helsinki. All subjects had signed a written
informed consent form.

Results
Baseline Characteristics of the Study

Subjects

The demographic characteristics and EMR levels of all
enrolled subjects are shown in Table 1. After matching
of age and sex, the EMR levels in the patients with AIS

Table 1 Demographic and Laboratory Characteristics of AlS Patients and Healthy Controls

Variables After Propensity Score Matching
AIS (n = 130) HCs (n = 130) p value
Age (years) 57.50 (51.00-65.00) 58.00 (51.75-65.00) 0.967
Sex (male, n.%) 93 (71.5) 92 (70.7) 0.891
EMR 0.16 (0.06-0.27) 0.27 (0.17-0.47) < 0.001
Abbreviations: AlS, acute ischemic stroke; HCs, healthy controls; EMR, eosinophil to monocyte ratio.
Clinical Interventions in Aging 2021:16 https: 855

Dove:


http://www.medcalc.org
https://www.dovepress.com
https://www.dovepress.com

Chen et al

Dove

were lower than those in the HCs (0.16 [0.06-0.27] vs
0.27 [0.17-0.47]; p < 0.001).

According to EMR levels on 24 hours admission,
patients were divided into tertiles as follows: T1 (n =
96): EMR < 0.09, T2 (n = 92): 0.09 < EMR < 0.21 and
T3 (n=92): EMR > 0.21. Among these three groups, there
were no statistical differences in terms of age, sex, hyper-
tension, diabetes, hyperlipidemia, DNT, ONT, sICH, uric
acid (UA), urea, creatinine, triglyceride (TC), high-density
lipoprotein-cholesterol (HDL-C) and apolipoprotein-Al
(Apo-Al). Besides, proportion of atrial fibrillation, infarct
volume, ASPECT, TOAST subtype, white blood cell count
(WBC), NLR, and PLR were declined (p = 0.022, p <
0.001, p < 0.001, p = 0.047, p < 0.001, p < 0.001, p <
0.001, respectively) (Table 2).

The baseline characteristics of the included patients
according to the 3-month outcome are summarized in

Table 3. Among all enrolled 280 patients with AIS, 86
(30.7%) patients had poor outcome, and 27 (9.6%) patients
had died. Patients with poor outcome exhibited signifi-
cantly higher age, atrial fibrillation, infarct volume, initial
NIHSS scores, WBC, urea, NLR, PLR and significantly
lower eosinophil count and EMR level compared to
patients with good outcome. Besides, patients died within
3-month follow-up exhibited significantly higher age,
atrial fibrillation, initial NIHSS scores, infarct volume,
WBC, NLR, PLR and significantly lower eosinophil
count, monocyte count, platelet count and EMR levels
compared to survivals.

Association Between EMR Levels and the

Severity of AlS
The severity of AIS patients was assessed by the NIHSS
score on admission. According to the common definition,

Table 2 Characteristics of AlS Patients According to EMR Tertiles

Variable Total (n = 280) EMR < 0.09 (n =96) | 0.09<EMR<0.21 (n=92) | EMR>0.2] (n=92) | p value
Demographic data
Age (years) 69.00 (59.00-77.00) 66.00 (60.00-79.75) 70.00 (57.25-76.00) 70.00 (58.25-77.75) 0.936
Sex (male, n.%) 179 (63.90) 55 (57.20) 62 (67.30) 62 (67.30) 0.248
Stroke risk factors (n.%)
Hypertension (n.%) 172 (61.40) 58 (60.40) 58 (63.00) 56 (60.80) 0.945
Diabetes (n.%) 55 (19.60) 15 (15.60) 18 (19.50) 22 (23.90) 0.377
Hyperlipidemia (n.%) 32 (11.40) 10 (10.40) 13 (14.10) 9 (9.70) 0.604
Atrial fibrillation (n.%) 66 (23.50) 31 (32.20) 21 (22.80) 14 (15.20) 0.022
DNT (min) 62.56 + 27.51 67.94 = 31.01 58.53 +22.87 60.92 + 27.24 0.051
ONT (min) 161.96 + 50.18 167.50 + 50.48 15751 + 46.95 160.64 + 52.95 0.377
Infarct volume (mL) 4.44 (1.37-20.48) 15.04 (2.08-46.66) 7.99 (1.19-20.91) 2.24 (0.50-8.01) < 0.001
ASPECT 10 (9-10) 9.5 (9-10) 10 (9-10) 10 (10-10) < 0.001
sICH 6 (2.14) 4 (4.17) 1 (1.09) 1 (1.09) 0.534
TOAST subtype (n.%)
Cardioembolism (n.%) 94 (33.57) 45 (46.88) 25 (27.17) 24 (26.09) 0.047
Large artery atherosclerosis (n.%) 113 (40.36) 32 (33.33) 39 (42.39) 42 (45.65)
Small vessel occlusion (n.%) 40 (14.29) 9 (9.38) 15 (16.30) 16 (17.39)
Other or undetermined (n.%) 33 (11.79) 10 (10.42) 13 (14.13) 10 (10.87)
Laboratory data on 24 hours admission
WBC (x10%/L) 7.40 (6.10-8.80) 8.35 (7.30-10.78) 7.25 (5.83-8.58) 6.60 (5.70-7.70) < 0.001
NLR 3.23 (2.20-5.00) 5.26 (3.76-8.29) 2.81 (2.07-3.93) 2.56 (1.89-3.44) < 0.001
PLR 125.80 (96.16—169.35) | 153.25 (116.20-199.04) | 112.27 (87.92-154.58) 116.75 (86.88-152.98) | < 0.001
UA (umol/L) 326.66 + 85.34 321.67 + 88.60 337.23 £ 8291 321.03 + 84.49 0.368
Urea 4.83 (4.03-6.00) 4.90 (4.17-6.24) 5.11 (4.20-6.00) 4.58 (3.80-5.64) 0.118
Creatinine 68.00 (61.25-76.00) 68.00 (61.00-75.25) 68.00 (62.00-78.00) 68.00 (61.00-75.00) 0.860
TC 1.24 (0.94-1.65) 1.13 (0.86-1.66) 1.27 (0.95-1.76) 1.32 (0.99-1.65) 0.232
HDL-C (mmol/L) 1.07 (0.93-1.29) 1.09 (0.93-1.32) 1.08 (0.95-1.30) 1.04 (0.92-1.23) 0.498
Apo-Al (g/L) 1.28 (1.15-1.44) 1.29 (1.15-1.46) 1.27 (1.14-1.48) 1.29 (1.18-1.39) 0.931

Abbreviations: AlS, acute ischemic stroke; DNT, door to needle time; ONT, onset to needle time; ASPECT, Alberta Stroke Program Early CT Score; sICH, symptomatic
intracranial hemorrhage; TOAST, Trial of Org 10,172 in Acute Stroke Treatment; EMR, eosinophil to monocyte ratio; WBC, white blood cell count; NLR, neutrophil to
lymphocyte ratio; PLR, platelet to lymphocyte ratio; UA, uric acid; TC, triglyceride; HDL-C, high density lipoprotein-cholesterol; Apo-Al, apolipoprotein-Al.
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Table 3 Comparison of Clinical Characteristics Between Good and Poor Outcome (or Alive and Dead)
Good Outcome (n = Poor Outcome (n = p value | Alive (n = 253) Dead (n = 27) p value
194) 86)
Demographic data
Age (years) 66.00 (56.00-75.00) 75.00 (64.00-82.0) <0.001 | 68.00 (57.50-76.00) 81.00 (72.00-85.00) < 0.001
Sex (male, n.%) 129 (66.40) 50 (58.10) 0.179 165 (65.20) 14 (51.80) 0.169
Stroke risk factors (n.%)
Hypertension 115 (59.20) 57 (66.20) 0.219 156 (61.60) 16 (59.20) 0.990
Diabetes 40 (20.60) 15 (17.40) 0.566 53 (20.90) 2 (7.40) 0.106
Hyperlipidemia 18 (9.20) 14 (16.20) 0.089 30 (11.80) 2 (7.40) 0.751
Atrial fibrillation 35 (18.00) 31 (36.00) 0.001 53 (20.90) 13 (48.10) 0.002
DNT (min) 62.94 + 29.34 61.69 £ 23.02 0.725 62.53 + 2829 62.81 £ 19.14 0.959
ONT (min) 161.19 £ 51.09 163.72 + 48.34 0.697 160.64 + 50.54 174.33 + 45.73 0.178
Infarct volume (mL) 2.68 (0.92—-12.65) 21.51 (3.99-66.79) <0.001 | 4.11 (1.26-17.92) 63.50 (28.82-131.47) 0.001
ASPECT 10 (9-10) 9 (8-10) < 0.001 10 (9-10) 9 (8-10) 0.001
sICH 0 6 (7.00) 0.001 2 (0.79) 4 (14.81) 0.001
Evaluation of stroke
NIHSS on admission 6 (4.00-9.00) 13 (8.00-18.50) <0.001 | 6 (4-10) 18 (13.00-21.00) < 0.001
3-month mRS I (0-1) 4 (3-6) < 0.001 1 (0-2) 6 (6) < 0.00!
TOAST subtype (n.%)
Cardioembolism 48 (24.74) 46 (53.49) <0.001 | 72 (28.46) 22 (81.48) < 0.00!
Large artery atherosclerosis 83 (42.78) 30 (34.88) 110 (43.48) 3 (111
Small vessel occlusion 40 (20.62) 0 40 (15.81) 0
Other or undetermined 23 (11.86) 10 (11.63) 31 (12.25) 2 (7.41)
Laboratory data on 24 hours
admission
WBC (x10%/L) 7.10 (5.70-8.20) 8.55 (7.20-10.63) <0.001 | 7.30 (6.00-8.70) 8.70 (7.30-11.50) 0.004
Eosinophil (x10%/L) 0.09 (0.04-0.15) 0.03 (0.01-0.08) <0.001 | 0.08 (0.03-0.14) 0.01 (0.00-0.02) < 0.001
Monocyte (x10%/L) 0.52 £ 0.25 0.50 + 0.21 0.597 0.50 (0.40-0.60) 0.40 (0.30-0.60) 0.021
Platelet count (x10%/L) 196.49 + 54.02 190.88 + 58.85 0.437 197.68 + 55.09 167.48 + 52.69 0.007
UA (umol/L) 330.82 £ 81.51 315.59 * 94.50 0.200 324.44 + 82.89 354.89 + 110.82 0.134
Urea 4.70 (3.96-5.63) 5.60 (4.27-6.30) 0.001 4.79 (4.03-5.94) 549 (4.12-6.37) 0.197
Creatinine 68.00 (60.50-75.50) 68.00 (63.00-78.00) 0.327 68.00 (62.00-76.00) 68.00 (61.00-88.00) 0418
TC 1.29 (0.96-1.65) 1.16 (0.90-1.67) 0.232 1.24 (0.94-1.65) 1.29 (0.99-1.86) 0.661
HDL-C (mmol/L) 1.07 (0.95-1.28) 1.07 (0.91-1.33) 0.921 1.07 (0.94-1.29) 1.02 (0.81-1.32) 0.237
Apo-Al (g/L) 1.30 (1.17-1.43) 1.23 (1.12-1.48) 0.282 1.28 (1.15-1.44) 1.25 (1.02-1.47) 0.498
EMR 0.18 (0.10-0.29) 0.05 (0.02-0.15) <0.001 | 0.16 (0.08-0.28) 0.02 (0.00-0.04) < 0.001
NLR 2.77 (2.04-3.96) 4.44 (3.49-7.80) < 0.001 3.00 (2.15-4.42) 6.38 (4.00-11.00) < 0.001
PLR 121.30 (91.59-162.93) 143.46 (106.41-192.04) | 0.011 125.00 (94.15-164.59) | 153.64 (100.00-242.86) | 0.042

Abbreviations: AlS, acute ischemic stroke; DNT, door to needle time; ONT, onset to needle time; ASPECT, Alberta Stroke Program Early CT Score; sICH, symptomatic
intracranial hemorrhage; TOAST, Trial of Org 10,172 in Acute Stroke Treatment; NIHSS, national institute of health stroke scale; mRS, modified Rankin Scale; WBC, white
blood cell count; UA, uric acid; TC, triglyceride; HDL-C, high density lipoprotein-cholesterol; Apo-Al, apolipoprotein-Al; EMR, eosinophil to monocyte ratio; NLR,

neutrophil to lymphocyte ratio; PLR, platelet to lymphocyte ratio.

AIS patients were divided into mild stroke group NIHSS  Association Between EMR Levels and the
scores: 0-5, n = 101), moderate stroke group (NIHSS scores:  3_Month Outcome
6-10, n=100) and severe stroke group (NIHSS scores: > 10, The distribution of mRS scores in the three EMR groups is
n =79). We found that the patients with lower EMR levels  ¢hown in Figure 2B. Up to 53.1% of patients developed
were more likely to have moderate or severe stroke (p <  poor outcome and up to 26.0% of patients died in the low

0.001) and severe stroke (p < 0.001) (Figure 2A).

EMR levels group (T1: EMR < 0.09). Proportion of poor
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moderate and severe stroke severe stroke
A chi-squared test g < 0,001 ehi-souared test p < 0001
T3 (n=92)
T2 (n=92)
T1 (n=96) 19
T 1
0 50 100
proportion (%)
mild stroke B moderate stroke W severe stroke
B Poor outeome denth
chi-squared test p < 0.001 chi-squared test p < 0.001
T3 (n=92) A 37
T2 (n=92) - 26
T1 (n=96) - 17 16
0 50 100
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mRS0 mRSI1 W= mRS2 M mRS3 mWE mRS4 EE mRS5 Wl mRS6

Figure 2 (A) Distribution of NIHSS on admission in the tertiles of increasing EMR levels. (B) Distribution of 3-month mRS scores in the tertiles of increasing EMR levels.

outcome and death was 20.6% and 1.0% in the moderate
EMR levels group (T2: 0.09 < EMR < 0.21). Besides, the
proportion of poor outcome and death was 17.3% and
1.0% in the high EMR group (T3: EMR > 0.21). Patients
were more likely to have a worse outcome if they had
lower EMR.

Univariate logistic regression analysis demonstrated
that the age, atrial fibrillation, WBC, EMR' (per 0.01-

Table 4 Univariate Logistic Regression Analyses for Prognosis

point increase in EMR) were associated with poor out-
come and dead status (Table 4). In model 1, compared to
the subjects in T1, the odds ratio (OR) of subjects in T3
was 0.186 (95% CI 0.095-0.364, p < 0.001) for poor
outcome and 0.031 (95% CI 0.004—0.236, p = 0.001) for
death. After adjusting for age (Model 2), the odds ratio
(OR) of the subjects in T3 was 0.153 (95% CI 0.074—
0.314, p < 0.001) for poor outcome and 0.027 (95% CI

Variables Univariate Logistic Regression

Poor Outcome OR (95% CI) p value Dead OR (95% CI) p value
Age (years) 1.057 (1.032-1.083) < 0.001 1.080 (1.036—1.126) < 0.001
Sex (male, n.%) 0.700 (0.415-1.179) 0.180 0.574 (0.259-1.276) 0.173
Hypertension (n.%) 1.398 (0.819-2.389) 0.220 0.995 (0.434-2.281) 0.990
Diabetes (n.%) 0.825 (0.428-1.592) 0.566 0.314 (0.072-1.373) 0.124
Hyperlipidemia (n.%) 1.901 (0.898—4.026) 0.093 0.595 (0.134-2.638) 0.494
Atrial fibrillation (n.%) 2.561 (1.445-4.539) 0.001 3.504 (1.554-7.903) 0.003
WBC (x10%/L) 1.377 (1.220-1.554) < 0.001 1.290 (1.111-1.499) 0.001
UA (umol/L) 0.998 (0.995-1.001) 0.200 1.004 (0.999-1.009) 0.136
Urea I.114 (0.990-1.255) 0.073 1.103 (0.993-1.226) 0.068
Creatinine 1.001 (0.998-1.005) 0518 1.003 (0.999-1.007) 0.112
TC 0.841 (0.620-1.139) 0.263 0.952 (0.610-1.485) 0.828
HDL-C (mmol/L) 1.098 (0.393-3.063) 0.859 0.304 (0.044-2.087) 0.226
Apo-Al (g/L) 0.689 (0.214-2.220) 0.532 0.324 (0.035-2.977) 0.320
EMRT 0.970 (0.953-0.988) 0.001 0.821 (0.750-0.898) < 0.001

Abbreviations: WBC, white blood cell count; UA, uric acid; TC, triglyceride; HDL-C, high density lipoprotein-cholesterol; Apo-Al, apolipoprotein-Al; EMR, eosinophil to

monocyte ratio; TOR s intended for per 0.01-point increase of EMR.

8 5 8 https:

Dove!

Clinical Interventions in Aging 2021:16



https://www.dovepress.com
https://www.dovepress.com

Dove

Chen et al

0.003-0.206, p = 0.001) for death when compared to the
subjects in T1. Even after adjusting for all confounders
shown in the univariate logistic regression (Model 3), the
relationship between EMR and stroke outcome still
remained significant in T3 with OR of 0.270 (95% CI:
0.124-0.589, p = 0.001) for poor outcome and 0.036 (95%
CI: 0.004-0.292, p = 0.002) for death (Table 5). In addi-
tion, the OR values of T2 and T3 were close so that the
relationship between EMR, poor outcome and mortality
has appeared to be L-shaped. The result suggested that the
lower levels of EMR were independently associated with
poor outcome and mortality rate in AIS patients.

Receiver Operating Characteristic (ROC)

Curve Analysis for 3-Month Outcome

ROC curves were performed to differentiate the efficiency
of EMR and other popular biomarkers like NLR and PLR
in predicting 3-month poor outcome (Figure 3A) and mor-
tality (Figure 3B). There was no significant difference in
efficiency between EMR and NLR for predicting poor
outcome (AUC 0.730 vs 0.739; p = 0.790). Besides,
EMR had a higher accuracy rate in predicting poor out-
come than the level of PLR (AUC 0.730 vs 0.595; p =
0.001). The optimal cut-off value of the EMR that best
discriminated poor outcome was 0.05 (55.8% sensitivity
and 89.2% specificity). As for predicting mortality, EMR
had a higher accuracy rate than NLR (AUC 0.877 vs
0.810; p = 0.024) and PLR (AUC 0.877 vs 0.619; p <
0.001). What is more, the optimal cut-off values of the

Table 5 Adjusted Models for Prognosis at 3 Months

EMR that best discriminated mortality were 0.05 (88.9%
sensitivity and 82.2% specificity). Moreover, when we
combined EMR and NLR, we found that there was also
no significant difference in efficiency between them and
single EMR in the aspect of predicting poor outcome or
mortality (AUC 0.752 vs 0.730, p = 0.340; 0.882 vs 0.877,
p = 0.615) (Table 6).

Discussion

In this retrospective interventional cohort study, it has
been demonstrated that lower EMR level was an indepen-
dent predictor of 3-month poor outcome for AIS patients
receiving thrombolysis. To our knowledge, this is the first
study to expound that EMR was related to clinical out-
come and death status. The main findings of our study
were as follows: (1) Lower EMR level was significantly
associated with 3-month poor outcome and death status in
AIS patients. (2) ROC curve analysis showed that EMR
had a higher accuracy in predicting poor outcome than the
level of PLR and a similar predictive ability compared to
NLR. As for predicting mortality, EMR had a higher accu-
racy than NLR and PLR. (3) After adjustments, the pre-
dictive value of EMR was still significant.

Previous studies have shown that lower EMR levels are
significantly related to the poor prognosis after treatment
with rt-PA for AIS patients.'> Meanwhile, other researches
have suggested that AIS patients with lower EMR levels
are more likely to have limb dysfunction and difficult to
recover.> AIS is mainly caused by atherosclerosis of the

Variables Multiple Logistic Regression
Poor Outcome OR (95% CI) p value Dead OR (95% CI) p value

Model |

Tl | |

T2 0.230 (0.121-0.438) < 0.001 0.031 (0.004-0.236) 0.001

T3 0.186 (0.095-0.364) < 0.001 0.031 (0.004-0.236) 0.001
Model 2

Tl | |

T2 0.197 (0.099-0.394) < 0.001 0.027 (0.003-0.210) 0.001

T3 0.153 (0.074-0.314) < 0.001 0.027 (0.003—0.206) 0.001
Model 3

Tl [ |

T2 0.295 (0.142-0.610) 0.001 0.034 (0.004-0.272) 0.001

T3 0.270 (0.124-0.589) 0.001 0.036 (0.004-0.292) 0.002

Notes: Model | is univariate analysis. Model 2 is adjusted for age. Model 3 for poor outcome is adjusted for age, atrial fibrillation and white blood cell count. Model 3 for

death is adjusted for age, atrial fibrillation and white blood cell count.
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Figure 3 (A) Receiver operating characteristic curve (ROC) of EMR, NLR, PLR and NLR + EMR on the prognosis of AIS patients between poor outcome and good
outcome. (B) Receiver operating characteristic curve (ROC) of EMR, NLR, PLR and NLR + EMR on the prognosis of AIS patients between death and survive.

large arteries. The accumulation and infiltration of eosino-
phils around the cerebral blood vessel walls could cause
a series of inflammation and vascular injury reactions as
well as aggravate the formation of unstable atherosclerosis
of the arteries, which can easily lead to AIS. In addition,
some studies indicated that monocytes were associated
with the outcome of AIS patients with the following
reasons.'®' First, cerebral ischemia and hypoxia would

stimulate monocytes to produce inflammatory mediators,
such as interleukin-1 (IL-1), IL-6, IL-8 and tumor necrosis
factor (TNF). Inflammation further aggravated cerebral
ischemia and hypoxia, making brain tissue damage more
serious.'® Second, monocytes could activate platelets to
form platelet-monocyte aggregates (PMAs), which pro-
mote the release of inflammatory response factors, adhe-
sion factors and vasoactive substances. PMAs could also

Table 6 Diagnostic Values of the EMR, NLR, PLR and NLR + EMR for Stroke Outcome

AUC (95% CI) p p* Cutoff Value Sensitivity (%) Specificity (%)
Poor outcome
EMR 0.730 (0.674-0.782) < 0.001 Ref < 0.05 55.8 89.2
NLR 0.739 (0.683-0.789) < 0.001 0.790 > 34l 76.7 66.0
PLR 0.595 (0.535-0.653) 0.011 0.001 > 145.79 50.0 66.0
NLR + EMR 0.752 (0.697-0.802) < 0.001 0.340 > 0.30 69.8 76.3
Dead
EMR 0.877 (0.832-0.913) < 0.001 Ref < 0.05 88.9 82.2
NLR 0.810 (0.760-0.855) < 0.001 0.024 > 422 74.1 739
PLR 0.619 (0.560-0.676) 0.072 < 0.001 > 220.83 333 933
NLR + EMR 0.882 (0.838-0.917) < 0.001 0.615 >0.13 88.9 81.8

Note: *p for comparison of AUC between groups.

Abbreviations: AUC, area under the curve; Cl, confidence interval; EMR, eosinophil to monocyte ratio; NLR, neutrophil to lymphocyte ratio; PLR, platelet to lymphocyte ratio.
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accelerate thrombosis and vascular occlusion, causing the
change in hemodynamics and aggravating cerebral ische-
mia damage.'"'®

New indexes, calculated by subtypes of white blood
cells, are better than single inflammatory cells in reflect-
ing the systemic inflammation. EMR is a new parameter
but the association between EMR and outcome of AIS
patients has not been fully clarified. Our study demon-
strated that lower EMR levels were related to poor out-
come and mortality in AIS patients. We found that the
lower EMR levels resulted from the decrease in eosino-
phil counts while the monocyte counts had no statistical
differences among the three groups. In contrast to our
current findings, other researchers found that monocyte
counts were statistically significant in AIS.'* The reason
for this discrepancy might be that the sample size they
studied was small and the subjects were recruited from
different regions. Here, we propose several hypotheses to
investigate the causes of eosinophil penia in AIS
patients. First, eosinophil apoptosis and degranulation
are induced by inflammatory cytokines, resulting in
excessive loss of eosinophil.'” Patients with larger
infarct size may be prone to acute stress responses that
stimulate the release of adrenal glucocorticoids and epi-
nephrine, leading to a decrease in eosinophils.”*?!
Secondly, the release of inflammatory cytokines after
cerebral ischemia causes eosinophils to migrate to the
inflammatory site, resulting in peripheral blood eosino-
phil reduction.?

Since a single inflammatory cell count has disadvantages
in summarizing the overall systemic inflammation, it is
a current research hotspot to propose novel indicators
through combining different subtypes of white blood cells,
like NLR and PLR. Above all, EMR is a potential prognostic
marker with its convenience of calculating as eosinophils
and monocytes were collected in the blood routine test.

Inevitably, our study has some limitations. First of all,
the sample size of our study is relatively diminutive.
Furthermore, because the patients participating in this
study were from the same hospital, the results we got
had certain limitations. Lastly, the mechanism connecting
the prognostic effect of EMR on AIS patients and the
interactions between eosinophils and monocytes were not
fully understood. Therefore, more experimental studies are
needed to explain this mechanism. However, our study
may provide vital clues to the clinic.

Conclusion
The lower levels of EMR were independently associated
with poor outcome and dead status for AIS patients.
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