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Background: Our study aimed to evaluate whether the effects on adverse clinical outcomes, defined as 
death, recurrent stroke, and poor functional outcomes, differed by leukocyte subtype in patients with acute 
ischemic cerebrovascular events, including both ischemic stroke and transient ischemic attack (TIA).
Methods: We derived data from the Third China National Stroke Registry (CNSR-III). The counts and 
percentages of each leukocyte subtype were collected within the first 24 hours after admission. Enrolled 
patients were classified into four groups by the quartiles of each leukocyte subtype count or percentage. 
Hazard ratios (HRs) or odds ratios (ORs) and their 95% confidence intervals (CIs) of adverse clinical 
outcomes were calculated, with the lowest quartile group as the reference category. We used C statistics, 
integrated discrimination improvement (IDI), and the net reclassification index (NRI) to evaluate each 
leukocyte subtype’s incremental predictive value beyond conventional risk factors.
Results: A total of 14,174 patients were enrolled. Higher counts of leukocytes, neutrophils, and monocytes 
were associated with elevated risks of adverse clinical outcomes. In contrast, higher counts of lymphocytes 
and eosinophils were related to reduced risks of adverse clinical outcomes. Meanwhile, basophil counts 
seemed to not correlate with adverse clinical outcomes. Furthermore, there were also significant associations 
between the percentages of leukocyte subtypes and adverse clinical outcomes.
Conclusions: Leukocyte subtypes had different relationships with adverse clinical outcomes at 3-month 
and 1-year follow-up in patients with acute ischemic cerebrovascular events and could slightly increase the 
predictive value compared with the conventional model.
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Introduction

The peripheral immune system can respond robustly to 
acute ischemic stroke (1). It is increasingly thought that 
the activation and variations in circulating immune cells’ 
levels are among the early biological responses detected 
after acute ischemic stroke (2,3). In turn, the inflammation 

mediated by circulating immune cells has been identified as 
one of the key elements in the subsequent clinical course of 
acute ischemic stroke, and recent studies suggest that it can 
influence brain injury and clinical outcomes (4). One of the 
most notable inflammation responses after acute ischemic 
stroke is the leukocyte count change (5). Data consistently 
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show that acute ischemic stroke can induce leukocytosis, 
which has been proven to be associated with increased 
mortality, disability at discharge, early-onset post-stroke 
delirium, and prolonged hospitalization (4,6-9).

Similarly, our previous study also concluded that 
leukocyte count at admission was correlated with both 
short- and long-term clinical outcomes in acute ischemic 
stroke patients and might have a role as a poor prognostic 
factor (10). It is well known that leukocytes can be divided 
into neutrophils, lymphocytes, monocytes, eosinophils, and 
basophils. After ischemic stroke, the temporal changes in 
the levels of leukocyte subtypes are varied (4). Moreover, 
each leukocyte subtype has different immunological 
functions and contributes differently to the pathophysiology 
of atherosclerosis and cerebrovascular diseases (11,12). 
Therefore, leukocytes’ effects on clinical outcomes in 
patients with acute ischemic stroke may vary depending 
on different subtypes, which has been revealed in several 
studies (3,12). However, generally, these studies still have 
some limitations, such as small sample sizes, short follow-
up times, and less reporting on the outcome of stroke 
recurrence. Also, as far as we know, few studies have focused 
on the relationship between leukocytes and the clinical 
outcomes of transient ischemic attack (TIA) patients. Our 
study aimed to evaluate whether the effects on adverse 
clinical outcomes, defined as death, recurrent stroke, and 
poor functional outcomes, differed by leukocyte subtype in 
patients with acute ischemic cerebrovascular events, including 
both ischemic stroke and TIA. We present the following 
article in accordance with the STROBE reporting checklist 
(available at http://dx.doi.org/10.21037/atm-20-7931).

Methods

Study design and population

We derived data from the Third China National Stroke 
Registry (CNSR-III). The CNSR-III is a large-scale 
nationwide, multicenter, prospective clinical registry study 
of patients with acute ischemic cerebrovascular events who 
presented to hospitals between August 2015 and March 
2018 in China. Details of the study design and major 
results have been described previously (13). Briefly, 15,166 
patients were recruited consecutively from 201 hospitals 
who met the following criteria: (I) age older than 18 years; 
(II) diagnosis of ischemic stroke or TIA; (III) within 7 days  
from the onset of symptoms to enrollment; and (IV) 
informed consent from the patient or legally authorized 

representative. Acute ischemic stroke was diagnosed 
according to the WHO criteria and confirmed by MRI 
or brain CT. Among the enrolled patients in the CNSR-
III, we excluded 992 patients without available complete 
blood counts on admission or who were lost to follow-up  
(Figure S1). The ethics committee at Beijing Tiantan 
Hospital (IRB approval number: KY2015-001-01) and all 
study centers gave the CNSR-III study protocol ethical 
approval. All patients or their legal representatives provided 
written informed consent before being entered into the 
CNSR-III study. This study was conducted following the 
Declaration of Helsinki (as revised in 2013).

Data collection and calculation

Trained neurologists at each participating hospital 
systematically collected baseline data, including age, sex, 
body mass index (BMI), smoking and drinking status, 
medical history, National Institutes of Health Stroke Scale 
(NIHSS) score at admission, time from symptom onset to 
enrollment, and therapy, through face-to-face interviews or 
medical records.

Fasting whole blood samples from venipuncture were 
collected in vacutainer tubes containing EDTA within the 
first 24 hours after admission and kept at room temperature. 
Afterward, the count of each leukocyte subtype was 
analyzed by an automated hematology analyzer at each 
participating hospital. All measurements were performed by 
laboratory personnel blinded to patients’ clinical situations. 
Each leukocyte subtype percentage was calculated as the 
ratio of its absolute count to total leukocyte count.

Outcome assessment

Patients were followed up by face-to-face interviews at 
3 months and contacted over the telephone at 1 year by 
trained research coordinators. Information including 
functional status and cerebrovascular events were queried at 
each follow-up. Any all-cause death and stroke recurrence 
during the follow-up periods were recorded. The fatality 
was either confirmed on a death certificate from the 
attended hospital or the local civil registry. Recurrent stroke 
included both ischemic and hemorrhagic stroke, which was 
confirmed from the treating hospital, and suspected events 
without hospitalization were judged by an independent 
endpoint judgment committee. The modified Rankin Scale 
(mRS) was used to assess patients’ functional dependence, 
and poor functional outcomes were defined as 3≤ mRS ≤5.

https://cdn.amegroups.cn/static/public/ATM-20-7931-Supplementary.pdf
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Statistical analysis

Continuous variables were described as medians with 
interquartile ranges (IQRs) and categorical variables as 
percentages. Baseline characteristics were compared across 
the quartile groups of leukocyte counts using the chi-
square test or Fisher’s exact test for categorical variables 
and the Kruskal-Wallis test for continuous variables. 
Enrolled patients were classified into four groups by the 
quartiles of each leukocyte subtype count or percentage. 
The Cox proportional hazards regression model was 
used to investigate each leukocyte subtype’s associations 
with death and stroke recurrence. The logistic regression 
model was used to assess the correlations between each 
leukocyte subtype and poor functional outcomes. To adjust 
for other potential confounding variables, multivariable 
analyses including age, sex, BMI, drinking, smoking, 
hypertension, lipid metabolism disorders, diabetes, previous 
stroke, atrial fibrillation, heart failure, heart valve disease, 
peripheral arterial disease, infection within 2 weeks 
before admission, intravenous thrombolysis, endovascular 
therapy, time from symptom onset to enrollment, and 
the NIHSS score at admission were performed. Crude 
and adjusted hazard ratios (HR) or odds ratios (ORs) and 
their 95% confidence intervals (CIs) were calculated with 
the lowest quartile group as the reference category. We 
further evaluated the pattern of correlation between each 
leukocyte subtype count on a continuous scale and the risk 
of adverse clinical outcomes at 1-year follow-up using a 
multivariable Cox regression model of the restricted cubic 
spline with adjustment for potential covariates. Also, we 
used C statistics, integrated discrimination improvement 
(IDI) and net reclassification index (NRI) to evaluate the 
incremental predictive value of each leukocyte subtype 
beyond conventional risk factors, which included age, sex, 
BMI, smoking, drinking, hypertension, previous stroke, 
lipid metabolism disorders, diabetes, atrial fibrillation, 
coronary heart disease, peripheral arterial disease, heart 
failure, heart valve disease, NIHSS at admission, time from 
symptom onset to enrollment, intravenous thrombolysis, 
endovascular therapy, antiplatelet agents, anticoagulant 
drugs, lipid-lowering drugs, hypoglycemic treatment, and 
antihypertensive treatment. Overall, a two-sided P value of 
<0.05 was considered statistically significant. All statistical 
analyses were performed with SAS software version 9.4 (SAS 
Institute Inc., Cary, NC, USA).

Results

Baseline characteristics

A total of 14,174 patients were included in our analysis. 
Table S1 showed that included and excluded patients’ 
baseline characteristics were well balanced, except the 
included patients were younger and had a higher proportion 
of lipid metabolism disorder, lower NIHSS scores at 
admission, and lower proportions of hypertension and 
intravenous thrombolysis.

The baseline characteristics of the included patients 
stratified according to quartiles of leukocyte counts are 
shown in Table 1. Compared to the patients with a lower 
leukocyte count, those in the higher quartile groups were 
more likely to be smoking males with lower NIHSS scores 
at admission, and a lower proportion of these patients 
received endovascular therapy and intravenous thrombolysis. 
In patients with a higher leukocyte count, atrial fibrillation 
and infection within 2 weeks before admission were 
less frequent, while lipid metabolism disorder was more 
frequent. Moreover, there were differences in age and time 
from symptom onset to enrollment among patients in the 
leukocyte count quartile groups.

Leukocyte subtypes and adverse clinical outcomes

The risks of adverse clinical outcomes at 1-year follow-up 
in the quartile groups of each leukocyte subtype count are 
shown in Figure 1 and Table S2. Higher leukocyte count 
and neutrophil count were obviously related to elevated 
risks of death, stroke recurrence, and poor functional 
outcomes at 1-year follow-up compared with the lowest 
quartile group taken as the reference. Similar associations 
were also found between monocyte count and both death 
and poor functional outcomes at 1-year follow-up. The 
above relationships were still significant after adjustments. 
Conversely, higher lymphocyte and eosinophil counts were 
associated with reduced risks of death, stroke recurrence, 
and poor functional outcomes at 1-year follow-up. 
However, after adjustments, lymphocyte count only had 
a significant association with poor functional outcomes, 
and the relationship between eosinophil count and death 
no longer reached statistical significance. There were no 
significant correlations between basophil count and death, 
stroke recurrence, or poor functional outcomes at 1-year 
follow-up. Multivariable-adjusted spline regression models 
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Table 1 Baseline characteristics of included patients stratified by leukocyte count

Baseline characteristics Q1 Q2 Q3 Q4 P

Demography and clinical features

Age, median [IQR], y 62 [54–70] 63 [55–71] 63 [54–70] 62 [54–69] 0.0056

Female, n (%) 1,151 (32.50) 1,201 (33.95) 1,120 (31.54) 1,021 (28.82) <0.0001

BMI, kg/m2, median [IQR] 24.49 [22.58–26.44] 24.49 [22.49–
26.57]

24.54 [22.68–26.67] 24.49 [22.6–26.57] 0.3458

Current smoking, n (%) 1,052 (29.70) 1,053 (29.76) 1,118 (31.48) 1,214 (34.26) <0.0001

Current drinking, n (%) 562 (15.87) 541 (15.29) 578 (16.28) 619 (17.47) 0.0836

Medical history, n (%)

Previous stroke 787 (22.22) 802 (22.67) 780 (21.97) 779 (21.99) 0.8838

Previous TIA 90 (2.54) 92 (2.60) 113 (3.18) 99 (2.79) 0.3477

Diabetes 786 (22.19) 829 (23.43) 807 (22.73) 855 (24.13) 0.2342

Coronary heart disease 380 (10.73) 384 (10.85) 384 (10.81) 368 (10.39) 0.9184

Atrial fibrillation 269 (7.59) 247 (6.98) 223 (6.28) 204 (5.76) 0.0115

Heart failure 24 (0.68) 22 (0.62) 23 (0.65) 17 (0.48) 0.7165

Heart valve disease 13 (0.37) 14 (0.40) 14 (0.39) 13 (0.37) 0.9948

Hypertension 2,199 (62.08) 2,218 (62.69) 2,225 (62.66) 2,201 (62.12) 0.9199

Lipid metabolism disorder 239 (6.75) 287 (8.11) 287 (8.08) 323 (9.12) 0.0035

Peripheral arterial disease 32 (0.90) 22 (0.62) 32 (0.90) 24 (0.68) 0.3902

Infection within 2 weeks before 
admission

123 (3.47) 127 (3.59) 95 (2.68) 80 (2.26) 0.0019

NIHSS score at admission, median 
[IQR]

3 [1–6] 3 [1–6] 3 [1–5] 3 [1–5] <0.0001

Time from symptom onset to 
enrollment, median [IQR], h

2 [1–4] 2 [1–4] 2 [1–4] 2 [1–4] 0.0357

Therapy, n (%)

Intravenous thrombolysis 365 (10.30) 409 (11.56) 342 (9.63) 288 (8.13) <0.0001

Endovascular therapy 35 (0.99) 22 (0.62) 20 (0.56) 11 (0.31) 0.0037

IQR, interquartile range; BMI, body mass index; TIA, transient ischemic attack; NIHSS, National Institutes of Health Stroke Scale.

for associations between each leukocyte subtype count and 
adverse clinical outcomes at 1-year follow-up are shown in 
Figure 2.

The above relationships between each leukocyte subtype 
count and risks of adverse clinical outcomes were still valid 
at 3-month follow-up, as shown in Table S3. However, 
eosinophil count did not have a significant association with 
stroke recurrence at 3-month follow-up after adjustments. 
Furthermore, a higher basophil count was correlated with 
a reduced risk of poor functional outcomes at 3-month 

follow-up only before adjustments.
Also, we assessed the risks of adverse clinical outcomes 

at 1-year follow-up in quartile groups of each leukocyte 
subtype percentage, which are shown in Figure 3 and  
Table S4. Patients with a higher neutrophil percentage 
showed higher incidences of death, stroke recurrence, and 
poor functional outcomes at 1-year follow-up. In contrast, 
lower risks of death, stroke recurrence, and poor functional 
outcomes at 1-year follow-up were found in patients 
with a higher lymphocyte percentage and eosinophil 
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percentage. There was also an obvious association between 
higher monocyte percentage and a reduced risk of stroke 
recurrence at 1-year follow-up. Moreover, higher basophil 
percentage was observed to be correlated with lower risks 
of death and poor functional outcomes at 1-year follow-
up. After adjustments, the above relationships remained 
significant.

As shown in Table S5, the above associations between 
each leukocyte subtype percentage and the risks of adverse 
clinical outcomes were still valid at 3-month follow-up. 
Furthermore, higher monocyte percentage was related to 
a reduced risk of death at 3-month follow-up regardless 
of adjustments. Higher basophil percentage only had a 
significant association with stroke recurrence at 3-month 
follow-up before adjustments.

Incremental predictive value of leukocyte subtypes

We evaluated whether each leukocyte subtype could further 
increase the predictive value of conventional risk factors 
for adverse clinical outcomes at 1-year follow-up, shown in 
Table 2 and Table S6.

At 1-year follow-up, the C statistic of the conventional 
model for death significantly improved with the addition 
of neutrophil count, monocyte count, or lymphocyte 

percentage .  The  d i scr iminatory  power  and  r i sk 
reclassification also appeared to be slightly better with the 
addition of leukocyte count, neutrophil count, lymphocyte 
count, monocyte count, neutrophil percentage, lymphocyte 
percentage, or eosinophil percentage. As for stroke 
recurrence at 1-year follow-up, the addition of leukocyte 
count, neutrophil count, neutrophil percentage, lymphocyte 
percentage, or eosinophil percentage could improve the C 
statistic of the conventional model. Furthermore, adding 
leukocyte count, neutrophil count, neutrophil percentage, 
lymphocyte percentage, or monocyte percentage could 
make both discriminatory power and risk reclassification 
better in a bit. Meanwhile, eosinophil count or eosinophil 
percentage might only improve the risk reclassification. 
However, basophil percentage might even worsen the risk 
reclassification. There were also improvements in the C 
statistic for the conventional model for poor functional 
outcomes at 1-year follow-up with leukocyte count, 
neutrophil count, monocyte count, neutrophil percentage, 
or lymphocyte percentage. The discriminatory power 
and risk reclassification might be ameliorated by adding 
leukocyte count, neutrophil count, lymphocyte count, 
monocyte count, neutrophil percentage, or lymphocyte 
percentage. Similarly, eosinophil count or eosinophil 
percentage seemed only to improve the risk reclassification.

Figure 1 Adjusted HRs or ORs for adverse clinical outcomes at 1-year follow-up by leukocyte subtype counts. mRS, modified Rankin Scale; 
HR, hazard ratio; OR, odds ratio; CI, confidence interval.

Q1

Q2

Q3

Q4

Q1

Q2

Q3

Q4

Q1

Q2

Q3

Q4

0.46

0.01

<0.01

0.34

0.01

<0.01

0.41

0.81

0.02

0.99

0.77

0.02

0.12

0.15

0.43

0.60

0.68

0.74

0.11

0.45

0.20

0.16

0.82

0.10

0.02

0.15

0.01

0.20

0.51

0.27

0.51

0.51

<0.01

0.24

0.52

0.75

0.28

<0.01

<0.01

0.23

<0.01

<0.01

<0.01

<0.01

<0.01

<0.01

<0.01

0.01

0.97

0.04

<0.01

0.82

0.04

<0.01

0.5 1.0 1.5 2.0 0.5 1.0 1.5 2.0 0.5 1.0 1.5 0.5 1.0 1.5 0.5 1.0 1.5 0.5 1.0 1.5

D
eath

S
troke recurrence

3≤ m
R

S
 ≤6

Leukocyte count

HR/OR (95% CI)  P

Neutrophil count

HR/OR (95% CI)  P

Lymphocyte count

HR/OR (95% CI)  P

Monocyte count

HR/OR (95% CI)  P

Eosinophil count

HR/OR (95% CI)  P

Basophil count

HR/OR (95% CI)  P

https://cdn.amegroups.cn/static/public/ATM-20-7931-Supplementary.pdf
https://cdn.amegroups.cn/static/public/ATM-20-7931-Supplementary.pdf


Wang et al. Leukocytes in ischemic cerebrovascular events

© Annals of Translational Medicine. All rights reserved.   Ann Transl Med 2021;9(9):748 | http://dx.doi.org/10.21037/atm-20-7931

Page 6 of 13

Fi
gu

re
 2

 A
ss

oc
ia

tio
ns

 o
f 

ad
ve

rs
e 

cl
in

ic
al

 o
ut

co
m

es
 a

t 
1-

ye
ar

 f
ol

lo
w

-u
p 

w
ith

 le
uk

oc
yt

e 
su

bt
yp

e 
co

un
ts

. R
ed

 li
ne

s 
in

di
ca

te
 a

dj
us

te
d 

H
R

s 
or

 O
R

s.
 B

lu
e 

lin
es

 in
di

ca
te

 9
5%

 C
I 

ba
nd

s.
 D

at
a 

w
er

e 
fit

te
d 

w
ith

 th
e 

m
ul

tiv
ar

ia
bl

e 
C

ox
 r

eg
re

ss
io

n 
m

od
el

 o
f r

es
tr

ic
te

d 
cu

bi
c 

sp
lin

e 
fo

r 
ea

ch
 le

uk
oc

yt
e 

su
bt

yp
e 

co
un

t, 
w

ith
 a

dj
us

tm
en

t f
or

 p
ot

en
tia

l c
ov

ar
ia

te
s.

 m
R

S,
 

m
od

ifi
ed

 R
an

ki
n 

Sc
al

e;
 H

R
, h

az
ar

d 
ra

tio
; O

R
, o

dd
s 

ra
tio

; C
I,

 c
on

fid
en

ce
 in

te
rv

al
.

3 
4 

5 
6 

7 
8

3 
4 

5 
6 

7 
8

3 
4 

5 
6 

7 
8

1.
0 

1.
5 

2.
0 

2.
5 

3.
0

1.
0 

1.
5 

2.
0 

2.
5 

3.
0

1.
0 

1.
5 

2.
0 

2.
5 

3.
0

3.
0

2.
5

2.
0

1.
5

1.
0

0.
5

3.
0

2.
5

2.
0

1.
5

1.
0

0.
5

3.
0

2.
5

2.
0

1.
5

1.
0

0.
5

3.
0

2.
5

2.
0

1.
5

1.
0

0.
5

3.
0

2.
5

2.
0

1.
5

1.
0

0.
5

3.
0

2.
5

2.
0

1.
5

1.
0

0.
5

2.
5

2.
0

1.
5

1.
0

0.
5

2.
5

2.
0

1.
5

1.
0

0.
5

2.
5

2.
0

1.
5

1.
0

0.
5

2.
5

2.
0

1.
5

1.
0

0.
5

2.
5

2.
0

1.
5

1.
0

0.
5

2.
5

2.
0

1.
5

1.
0

0.
5

2.
5

2.
0

1.
5

1.
0

0.
5

2.
5

2.
0

1.
5

1.
0

0.
5

2.
5

2.
0

1.
5

1.
0

0.
5

2.
5

2.
0

1.
5

1.
0

0.
5

2.
0

1.
5

1.
0

0.
5

2.
0

1.
5

1.
0

0.
5

0.
3 

0.
4 

0.
5 

0.
6 

0.
7 

0.
8

0.
03

 
0.

08
 

0.
13

 
0.

18
 

0.
23

 
0.

28

0.
03

 
0.

08
 

0.
13

 
0.

18
 

0.
23

 
0.

28

0.
03

 
0.

08
 

0.
13

 
0.

18
 

0.
23

 
0.

28

0.
01

 
0.

02
 

0.
03

 
0.

04
 

0.
05

 
0.

06
 

0.
07

0.
01

 
0.

02
 

0.
03

 
0.

04
 

0.
05

 
0.

06
 

0.
07

0.
01

 
0.

02
 

0.
03

 
0.

04
 

0.
05

 
0.

06
 

0.
07

0.
3 

0.
4 

0.
5 

0.
6 

0.
7 

0.
8

0.
3 

0.
4 

0.
5 

0.
6 

0.
7 

0.
8

Hazard ratio (95% CI) Hazard ratio (95% CI)

Hazard ratio (95% CI)

Hazard ratio (95% CI)

Hazard ratio (95% CI)

Hazard ratio (95% CI)

Hazard ratio (95% CI)

Odd ratio (95% CI)

Odd ratio (95% CI)

Odd ratio (95% CI)

Odd ratio (95% CI)

Odd ratio (95% CI)

Odd ratio (95% CI)

Hazard ratio (95% CI)

Hazard ratio (95% CI)

Hazard ratio (95% CI)

Hazard ratio (95% CI)

Hazard ratio (95% CI)

M
or

ta
lit

y 
at

 1
 y

ea
r

M
or

ta
lit

y 
at

 1
 y

ea
r

M
or

ta
lit

y 
at

 1
 y

ea
r

M
or

ta
lit

y 
at

 1
 y

ea
r

M
or

ta
lit

y 
at

 1
 y

ea
r

M
or

ta
lit

y 
at

 1
 y

ea
r

S
tr

ok
e 

at
 1

 y
ea

r
S

tr
ok

e 
at

 1
 y

ea
r

S
tr

ok
e 

at
 1

 y
ea

r
S

tr
ok

e 
at

 1
 y

ea
r

S
tr

ok
e 

at
 1

 y
ea

r
S

tr
ok

e 
at

 1
 y

ea
r

m
R

S
 3

–6
 a

t 1
 y

ea
r

m
R

S
 3

–6
 a

t 1
 y

ea
r

m
R

S
 3

–6
 a

t 1
 y

ea
r

m
R

S
 3

–6
 a

t 1
 y

ea
r

m
R

S
 3

–6
 a

t 1
 y

ea
r

m
R

S
 3

–6
 a

t 1
 y

ea
r

Le
uk

oc
yt

e 
co

un
t, 

×
10

9

Le
uk

oc
yt

e 
co

un
t, 

×
10

9

Le
uk

oc
yt

e 
co

un
t, 

×
10

9

N
eu

tr
op

hi
l c

ou
nt

, ×
10

9

N
eu

tr
op

hi
l c

ou
nt

, ×
10

9

N
eu

tr
op

hi
l c

ou
nt

, ×
10

9

Ly
m

ph
oc

yt
e 

co
un

t, 
×

10
9

Ly
m

ph
oc

yt
e 

co
un

t, 
×

10
9

Ly
m

ph
oc

yt
e 

co
un

t, 
×

10
9

M
on

oc
yt

e 
co

un
t, 

×
10

9

M
on

oc
yt

e 
co

un
t, 

×
10

9

M
on

oc
yt

e 
co

un
t, 

×
10

9

E
os

in
op

hi
l c

ou
nt

, ×
10

9

E
os

in
op

hi
l c

ou
nt

, ×
10

9

E
os

in
op

hi
l c

ou
nt

, ×
10

9

B
as

op
hi

l c
ou

nt
, ×

10
9

B
as

op
hi

l c
ou

nt
, ×

10
9

B
as

op
hi

l c
ou

nt
, ×

10
9

4 
   

   
   

   
6 

   
   

   
   

8 
   

   
   

  1
0 

   
   

   
12

4 
   

   
   

   
6 

   
   

   
   

8 
   

   
   

  1
0 

   
   

   
12

4 
   

   
   

   
6 

   
   

   
   

8 
   

   
   

  1
0 

   
   

   
12



Annals of Translational Medicine, Vol 9, No 9 May 2021 Page 7 of 13

© Annals of Translational Medicine. All rights reserved.   Ann Transl Med 2021;9(9):748 | http://dx.doi.org/10.21037/atm-20-7931

Discussion

This analysis demonstrated that different leukocyte 
subtypes had different relationships with adverse clinical 
outcomes at 3-month and 1-year follow-up in patients with 
acute ischemic cerebrovascular events. Higher counts of 
leukocytes, neutrophils, and monocytes were associated 
with elevated risks of adverse clinical outcomes. In contrast, 
higher counts of lymphocytes and eosinophils were related 
to reduced risks of adverse clinical outcomes. Meanwhile, 
basophil count seemed to not correlate with adverse clinical 
outcomes. Besides the counts of leukocyte subtypes, there 
were also significant associations between the percentages 
of leukocyte subtypes and adverse clinical outcomes.

Neutrophils are one of the most important leukocyte 
subtypes and are the first leukocyte subtype to upregulate 
expression substantially and invade injured brain tissue after 
acute ischemic stroke (14). It has been found in experimental 
models that the invasion of neutrophils could be detected as 
early as 5 hours after ischemic stroke onset and peak at 24–
48 hours (15). Previous studies have shown that neutrophils 
could aggravate ischemic brain injury, and higher neutrophil 
counts are correlated with increased stroke severity, 
infarct volume, and worse functional outcomes (12,16,17). 
Some experimental studies have suggested that depleting 
circulating neutrophils, inhibiting neutrophil infiltration, 

or blocking the neutrophil pro-inflammatory function 
could reduce infarct volume and improve neurological 
outcomes (18,19). Furthermore, Semerano et al. reported 
that even after adjusting for the occurrence of infections, 
the association of higher neutrophil counts with worse 
3-month functional outcomes was still significant (3). 
Beyond neutrophil counts, Zhu et al.’s study revealed that 
high neutrophil ratio levels were also related to increased 
risks of new stroke and composite events in patients with 
minor ischemic stroke or TIA (20). Consistent with these 
prior studies, we found that patients with acute ischemic 
cerebrovascular events with higher neutrophil counts 
or percentages were more likely to suffer death, stroke 
recurrence, and poor functional outcomes at 3-month 
and 1-year follow-up. Nowadays, many mechanisms for 
neutrophil aggravation of ischemic brain injury have been 
proposed, for example, blocking microvessels, interacting 
with platelets, and releasing deleterious substances or 
inflammatory mediators (14,19,21).

In contrast with neutrophils, it has been found that there 
is an exponential decrease in the peripheral circulating 
lymphocyte count in the hours immediately after ischemic 
stroke (4). Lower lymphocyte count has been revealed to 
be a marker of severe brain damage and is predictive of 
poor neurological improvement during the first week, poor 
functional outcomes at 3 months, and stroke-associated 

Figure 3 Adjusted HRs or ORs for adverse clinical outcomes at 1-year follow-up by leukocyte subtype percentages. mRS, modified Rankin 
Scale; HR, hazard ratio; OR, odds ratio; CI, confidence interval.
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infections (12,22). Our analyses demonstrated similar 
results in that a higher lymphocyte count was correlated 
with reduced risks of poor functional outcomes at 3-month 
and 1-year follow-up in patients with acute ischemic 
cerebrovascular events. Moreover, higher lymphocyte 
count might also be related to lower death and stroke 
recurrence risks at 3-month and 1-year follow-up. As for 
lymphocyte percentage, patients with higher lymphocyte 
percentages tended to have reduced incidences of death, 
stroke recurrence, and poor functional outcomes at 3-month 
and 1-year follow-up regardless of adjustments. In short, 
the above findings suggested that lymphocytes might play 
a protective role in ischemic brain areas; however, the 
underlying mechanisms are still not clear. One possible 
mechanism is that the percentages of the disease-limiting 
protective lymphocyte subtypes which can produce anti-
inflammatory cytokines and maintain immune homeostasis, 
such as regulatory T cells, increase in the brain after 
ischemic stroke (23,24). Another possible mechanism is that 
lymphopenia may reflect increased sympathetic tone and 
serum cortisol levels, which are associated with increased 
production of proinflammatory cytokines (12,25,26).

Although monocyte infiltration within ischemic brain 
tissue peaks at 7 days after acute ischemic stroke onset, 
peripheral circulating monocyte count increases earlier 
(27,28). Meanwhile, it has been found that the temporal 
trends of different monocyte subtypes after stroke 
might not all be increased. For instance, the proportion 
of CD14highCD16- monocytes do not significantly 
change, CD14dimCD16+ monocytes decrease, and only 
CD14highCD16+ monocytes increase (29). Besides that, 
the effects of different monocyte subtypes on prognosis 
after stroke also vary, as Urra et al. suggested that classic 
CD14highCD16- monocytes had deleterious effects, whereas 
rare CD14dimCD16+ monocytes and CD14highCD16+ 
monocytes were associated with clinical benefits (29). 
Overall, more studies have shown that monocyte count is 
positively correlated with the severity of brain injury and 
infarct volume after acute ischemic stroke and could be an 
independent predictor of poor clinical outcomes in patients 
(4,28,30,31). Similarly, our results also demonstrated that 
higher monocyte count had an obvious association with 
elevated risks of death and poor functional outcomes 
at 3-month and 1-year follow-up in patients with acute 
ischemic cerebrovascular events; however, there was no 
relationship between monocyte count and stroke recurrence. 
In contrast, monocyte percentage had a negative association 
with death at 3-month follow-up and stroke recurrence 

at 3-month and 1-year follow-up, which might be due 
to the influence of leukocyte count as the denominator. 
The mechanism underlying the role of monocytes after 
ischemic stroke is complex. On the one hand, monocytes 
could contribute to the development of inflammation and 
promote thrombosis and vascular occlusion by producing 
inflammatory mediators and forming platelet-monocyte 
aggregates, which aggravate cerebral ischemic injury (27,30). 
On the other hand, macrophages transformed by monocytes 
in the ischemic area might lead to angiogenesis stimulation, 
which could be considered beneficial (27).

Hypereosinophilia has been reported as an unusual 
cause of ischemic stroke due to thromboembolism from 
endomyocardial fibrosis or vascular endothelial toxicity 
of eosinophilic cells (32,33). However, in patients without 
previous hypereosinophilia, eosinophils might play a 
protective role in the same way as lymphocytes after acute 
ischemic stroke. Previous studies have demonstrated 
that eosinophil count is negatively associated with stroke 
severity, risk of mortality, and poor functional outcomes 
in acute ischemic stroke patients (3,34). It has even been 
shown that acute ischemic stroke patients with lower 
eosinophil counts are more likely to have functional 
impairment in limbs and difficulty in recovering (35). 
Moreover, higher eosinophil count at admission is suggested 
to be an independent predictive factor for lower odds of 
developing hemorrhagic transformation after treatment 
with recombinant tissue plasminogen activator for acute 
ischemic stroke (32). A similar relationship has been found 
between eosinophil percentage and acute ischemic stroke 
prognosis (34). Our results supported these previous studies 
in that higher eosinophil count was related to reduced risks 
of stroke recurrence at 1-year follow-up and poor functional 
outcomes at 3-month and 1-year follow-up in patients with 
acute ischemic cerebrovascular events. There also might 
be negative associations of eosinophil count with stroke 
recurrence at 3-month follow-up and death at 3-month 
and 1-year follow-up. Furthermore, lower risks of death, 
stroke recurrence, and poor functional outcomes at 3-month 
follow-up and 1-year follow-up were shown in patients with 
higher eosinophil percentages. There are a few hypotheses 
which may explain how eosinopenia leads to poor prognosis 
after acute ischemic stroke. Eosinophils can secrete 
numerous cytokines, growth factors, and chemokines to 
induce the activation of M2 phenotype microglia, which 
have neuroprotective properties and may facilitate the 
resolution of inflammation (32). Another mechanism may 
be the correlation with angiogenesis promotion, since 
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eosinophils can produce vascular endothelial growth factor 
(32,35,36).

Up to now, few studies have investigated the response 
of basophils after acute ischemic stroke, and data on the 
relationship between basophils and prognosis are also 
limited. Our analyses showed that there were no significant 
correlations between basophil count and death, stroke 
recurrence, or poor functional outcomes at 1-year follow-
up in patients with acute ischemic cerebrovascular events; 
however, at 3-month follow-up, higher basophil count 
might only be associated with a reduced risk of poor 
functional outcomes. Basophil percentage was observed 
to be negatively related to death, and poor functional 
outcomes at 3-month and 1-year follow-up, and might 
also have a negative relationship with stroke recurrence at 
3-month follow-up. However, we thought that this negative 
association between basophil percentage and the prognosis 
of acute ischemic cerebrovascular events was because of 
the leukocyte count’s influence as the denominator. Based 
on these results, we speculated that basophils might play a 
limited role in developing acute ischemic cerebrovascular 
events due to their low content. Nevertheless, further 
studies are required.

Compared with the conventional model, we observed 
that the counts or percentages of leukocytes or each 
subtype, except for basophils, could slightly increase 
the predictive value of prognosis at 1-year follow-up in 
patients with acute ischemic cerebrovascular events. Of the 
leukocyte subtypes, neutrophils and lymphocytes seemed 
to have better predictive value. Therefore, as valuable 
peripheral blood biomarkers, leukocyte subtypes require 
further study to unravel their underlying mechanisms after 
acute ischemic cerebrovascular events and the therapeutic 
implications that might be derived.

There are several limitations to our study. Firstly, there 
is inevitable equipment heterogeneity across participating 
hospitals, which could have contributed to biased estimates. 
However, this might have had little impact because of 
daily practices and strict quality control. Secondly, our 
study only collected the counts and percentages of each 
leukocyte subtype within the first 24 hours after admission 
and did not evaluate the dynamic changes. Nevertheless, 
it might still provide valuable information on leukocyte 
subtypes’ underlying mechanisms after acute ischemic 
cerebrovascular events. Thirdly, our study did not further 
assess whether there was a difference in each leukocyte 
subtype’s relationship with adverse clinical outcomes 
between ischemic stroke patients and TIA patients. Finally, 

residual bias still exists due to the influence of comorbidities 
or environmental factors such as tumors, trauma, and acute 
toxicosis.

Conclusions

Different leukocyte subtypes had different relationships 
with adverse clinical outcomes at 3-month and 1-year 
follow-up in patients with acute ischemic cerebrovascular 
events. Additionally, leukocyte subtypes, except for 
basophils, could slightly increase the prognosis’s predictive 
value at 1-year follow-up in patients with acute ischemic 
cerebrovascular events.
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