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Abstract

stenosis (ICAS).

Background: Inflammation plays an important role in atherosclerosis but the contribution of neutrophils to this
process is unclear. We sought to assess whether neutrophil count is associated with intracranial atherosclerotic

Methods: A total of 2847 individuals were included in our study, including 1363 with acute ischemic stroke and
1484 normal controls without stroke. The presence of ICAS was confirmed by magnetic resonance angiography.
The association between neutrophil count and ICAS was evaluated by multivariable logistic regression analysis.

Results: Among 2847 individuals included in this study, individuals with ICAS had higher neutrophil counts than
those without ICAS in groups with and without stroke (P < 0.0001 for stroke group, P=0.0097 for group without
stroke). The multivariable logistic regression analysis showed that the third and fourth quartiles were independent
predictors of ICAS in all the subjects (Q3: OR 1.81, 95% Cl 1.39-2.37, Q4: OR 2.29, 95% Cl 1.70-3.10) and patients in
the fourth quartile had a higher risk for the occurrence of ICAS in stroke group (Q4: OR 2.82, 95% Cl 1.79-4.48).
However, there was no significant association between neutrophil count and ICAS in the group without stroke.

Conclusions: The levels of circulating neutrophils were associated with the presence of ICAS. Our findings suggest
that neutrophils may play a role in the pathogenesis of stroke related to ICAS and emphasize the need to develop
proper strategies to control neutrophil response for the treatment of ICAS.
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Background

Stroke has attracted clinical and public health attention
from all over the world. The number of patients with
stroke, stroke-related deaths, physical disability, hospital-
izations and the global burden are great and increasing
[1, 2]. Accumulating evidence have shown that intracra-
nial atherosclerotic stenosis (ICAS) is a major risk factor
for ischemic stroke in Asia, especially in China, and is
also known as an important pathogenetic mechanism of
ischemic stroke [3—5]. At present, many researchers are
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paying more and more attention to the etiology of intra-
cranial atherosclerosis. There is evidence suggesting that
inflammatory processes contribute to both the initiation
and progression of atherosclerosis [6, 7]. And even more
importantly, an elevated number of activated of inflam-
matory markers have extremely important effect on the
formation, evolution and destruction of atherosclerotic
plaques [8, 9]. Atherosclerotic plaques were markedly in-
filtrated by various inflammatory cells, including acti-
vated macrophages, T cells, and mast cells [10-13].
These cells may provoke atherosclerotic plaque
destabilization and the occurrence of acute thrombotic
events by releasing matrix-degrading enzymes and
thrombogenic substances [14—16]. Several studies have
shown the correlation of increased peripheral inflamma-
tory marker levels with various vascular diseases as well
as the potential development and severity of atheroscler-
osis [6, 17], providing an indication that atherosclerosis
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is an inflammatory disease [18, 19]. Although intracra-
nial atherosclerosis is viewed as a part of atherosclerotic
disease, it is still unclear whether ICAS is also related to
the inflammatory response.

Experimental studies on stroke have indicated that in-
creased leukocytes enter into ischemic territory through
chemotaxis of activated microglial cells within minutes
of acute infarction onset [20]. Neutrophils are the first
leukocyte subtype to infiltrate the areas of brain ische-
mia after cerebral infarctions and are considered to be
markers of inflammation [21]. The elevated level of neu-
trophils accelerates inflammatory process by releasing
various destructive materials (such as cytotoxins, reactive
oxygen radicals, arachidonic acid, and proteolytic en-
zymes), which can cause damage to vascular endothelial
cells and further promote the occurrence and progres-
sion of atherosclerosis [18, 22, 23]. Thus, endothelial
dysfunction would might be an important pathophysio-
logical link between neutrophils and ICAS. Several stud-
ies have suggested that elevation in neutrophil count is
correlated with greater risk of ischemic brain injuries,
vascular events as well as worsening functional out-
comes [24—27]. However, the scientific information re-
garding the correlation of circulating neutrophils and
ICAS is still lacking. Further studies to clarify the associ-
ation are warranted.

Accordingly, the purpose of this study was to assess
the relationship between peripheral neutrophil count
and the presence of ICAS. The effect of neutrophil count
on different locations of ICAS and ICAS burdens were
also evaluated to help us develop a deeper understanding
of ICAS.

Methods

Study population

Study participants were prospectively recruited from
January 2014 to June 2018 among individuals in the De-
partment of Neurology of Qingdao Municipal Hospital
for suspected stroke and individuals underwent compre-
hensive physical examination at Medical Examination
Center of Qingdao Municipal Hospital. Most of the sub-
jects from medical examination center had no serious
health problems. And the costs of physical exam were to
be paid by their company or by each participants. We
used the Trial of Org 10,172 in acute stroke treatment
(TOAST) typing to classify stroke mechanism and
NIHSS scoring system to assess the severity of acute
stroke [28]. We excluded subjects who: (1) under 40
years old; (2) underwent incomplete angiography and la-
boratory examination; (3) had atrial fibrillation, cardiac
embolism, vascular disease and had underwent replace-
ment; (4) had intracranial and external artery dissection,
arteritis, moyamoya disease, muscular fiber dysplasia; (5)
had infection, nausea, tumor, chronic liver disease and
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renal insufficiency. Ethics approval for this study was ob-
tained from the Institutional Ethics Committees of
Qingdao Municipal Hospital.

Finally, 1484 subjects without stroke controls and
1363 stroke patients (without ICAS n =2090, with ICAS
n =757) were included in this study. We have strict age
and gender matching between the case and control
subjects.

Clinical and laboratory data

The baseline information were collected, including
demographics, clinical characteristics, hypertension
(defined as systolic =140 mmHg or diastolic =90
mmHg by repeating blood pressure measurement or
having been treated with antihypertensive medication),
diabetes mellitus (defined as fasting plasma glucose
value 2126 mg/dL, or 2-h postprandial plasma glucose
>200 mg/dL, or glycosylated hemoglobin levels 26.5%
for diabetes in multiple measurements, or having been
treated with hypoglycemic medication), hyperlipidemia
(defined as fasting total cholesterol level (TC)>200
mg/dL or low-density lipoprotein cholesterol (LDL-
C)>130mg/dL  or having received cholesterol-
lowering drug), history of coronary heart disease,
history of atrial fibrillation, history of stroke, smoking
(current smoker or a patient who had quit smoking
< 6 months previously) and alcohol use (defined as al-
cohol use > 2 units per day on average for men or > 1
unit per day on average for women).

All subjects underwent standardized laboratory exam-
ination. The fasting venous blood samples were obtained
for biochemical analysis after 12h of overnight fasting.
Samples obtained through venipuncture were collected
into test tubes containing anticoagulated blood. The
neutrophil counts were tested using automated blood
cell counter at the hematology laboratory on admission.

Imaging collection and analysis

All subjects were imaged with 1.5-Tesla or 3.0-Tesla MR
scanners, including the sequence of diffusion weighted
image (DWI), magnetic resonance imaging(MRI) and
three-dimensional time-of-flight magnetic resonance
angiography(MRA). ICAS was defined as the presence of
50-99% stenosis or the occlusion of the intracranial ves-
sels according to Warfarin-Aspirin Symptomatic Intra-
cranial Disease (WASID) trial criteria [29, 30]. To assess
the correlation between neutrophil count and the num-
ber of ICAS, we counted the number of vascular lesions
as single, two or multiple (more than three). To analyse
the effect of neutrophil count on different vasular sten-
osis sites,we dichotomized the locations of ICAS into an-
terior circulation, posterior circulation and both anterior
circulation and posterior circulation. Two experienced
neurologists, who were blinded to the participants’
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clinical characteristics and biochemical results, visually
reviewed all magnetic angiographic images to assess the
presence and degree of ICAS lesions.

Statistical analysis

Results were expressed as mean + standard deviation
(SD) for continuous variables with normal distributions,
and as median with interquartile range for the continu-
ous skewed distributed data. Categorical data were pre-
sented as frequencies and proportions. The Shapiro-
Wilk test was performed to evaluate the normality for
the distribution of continuous variables. The baseline
variables were compared between groups using Mann-
Whitney U-test. Kruskal-Wallis test is used if the com-
parison is conducted among more than two groups. Dif-
ferences in categorical variables were compared using a
X* test. Neutrophil count was divided into quartiles. Lo-
gistic regression analysis was performed across neutro-
phil quartiles to examine the association of neutrophil
count with ICAS. Differences in associations of neutro-
phil count with ICAS presence or absence were tested
for statistical significance in a multivariable analysis.
Multivariable regression was used to correct for possible
confounding variables, which included those potential
determinants of outcome that had significant clinical
correlation or showed P values <0.05 in univariate
analysis.
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We compared neutrophil count among single, two and
multiple ICAS groups using the Kruskal-Wallis test. To
analyse the effect of neutrophil count on different vasu-
lar stenosis sites, we compared neutrophils among sub-
groups according to the vascular circulations. We
classified the location of anterior and posterior circula-
tion according to the classification method mentioned in
the current literature [31]. P< 0.05 was considered to
indicate a significant difference. Statistical analyses were
performed using the R statistical software (version 3.4.3).

Results

Baseline characteristics

A total of 2847 individuals were included in this study,
including 1363 with acute ischemic stroke (AIS) and
1484 without stroke controls. All the participants were
further categorized into four groups: in stroke group,
there are 474 (34.78%) patients with ICAS and 889
(65.22%) without ICAS; in the group without stroke,
there are 283 (19.07%) subjects with ICAS and 1201
(80.93%) without ICAS.

The baseline characteristics of the study population
are summarized in Table 1. The mean age of these sub-
jects was 68.43 +11.17 (range, 40-97) years, and 1739
(61.08%) individuals were male. The levels of circulating
neutrophils in stroke group were higher than those in
the group without stroke (P< 0.0001). Compared to

Table 1 Baseline Characteristics of the study population in the present study

With stroke(n = 1363) Without stroke(n = 1484) P-value
Characteristics
Age, mean £ SD, y 6844 + 1165 6841 +10.70 0.7669
Male, n (%) 835(61.26%) 904 (60.92%) 0.8502
Hematological examinations
Lipoprotein, median (IQR), mg/dL 16.120 (7.270-30.320) 13.315 (6.065-25.902) <0.0001
Triglyceride, median (IQR), mmol/L 1.320 (0.990-1.790) 1.220 (0.890-1.760) <0.0001
Total cholesterol, median (IQR), mmol/L 5.030 (4.210-5.885) 4.725 (4.000-5.480) <0.0001
HDL, median (IQR), mmol/L 1.110 (0.950-1.300) 1.110 (0.940-1.330) 04013
LDL, median (IQR), mmol/L 3.110 (2.550-3.700) 2.860 (2.320-3413) <0.0001
Neutrophils, median (IQR), (per 10°/L) 4.100 (3.230-5.400) 3470 (2.770-4.322) < 0.0001
Lymphocytes, median (IQR), (per 10%/L) 1.900 (1.490-2.410) 1.960 (1.540-2.450) 0.0986
NLR, median (IQR) 2.060 (1.540-3.080) 1.700 (1.300-2.373) < 0.0001
Glucose, median (IQR),mmol/L 5.520 (4.630-7.445) 5270 (4.697-6.433) 0.0001
Medical history, n (%)
Hypertension, n (%), 1036 (76.01%) 1094 (73.72%) 0.1598
Diabetes mellitus, n (%) 505 (37.05%) 440 (29.65%) < 0.0001
Coronary Heart Disease, n (%) 434 (31.84%) 607 (40.90%) < 0.0001
Smoking, n (%) 479 (35.14%) 432 (29.11%) 0.0006
Alcohol use, n (%) 345 (25.31%) 269 (18.13%) < 0.0001
Stenosis, n (%) 474 (34.78%) 283 (19.07%) < 0.0001

Abbreviations: /QR interquartile range, NLR neutrophil to lymphocyte ratio, SD standard deviation, HDL high-density lipoprotein, LDL low-density lipoprotein
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subjects without stroke, these patients with acute cere-
bral infarction had a higher level of neutrophils, a higher
neutrophil-to-lymphocyte ratio and a lower level of lym-
phocytes. We further tried to look into the difference in
neutrophil levels between males and females. We found
that men had higher levels of neutrophils than women
(P< 0.0001).

Association between neutrophil count and ICAS

The levels of circulating neutrophils in subjects with
ICAS were higher than those in subjects without ICAS
(P < 0.0001).

The multivariable logistic regression analysis showed
that the third and fourth quartiles were independent
predictors of ICAS in all the subjects (Q3: OR 1.81, 95%
CI 1.39-2.37, Q4: OR 2.29, 95% CI 1.70-3.10) and pa-
tients in the fourth quartile had a higher risk for the oc-
currence of ICAS in stroke group (Q4: OR 2.82, 95% CI
1.79-4.48) (Table 3). To evaluate the correlation be-
tween peripheral neutrophil count and ICAS lesions, we
further carried out a subgroup analysis. Baseline charac-
teristics of these subjects with and without ICAS are
shown in Table 2. In subgroup analysis, the neutrophil
counts were significantly higher in subjects with ICAS
than those of subjects without ICAS in groups with and
without stroke (P < 0.0001 for stroke group, P =0.0097
for group without stroke) (Fig. 1). The multivariable lo-
gistic regression analysis showed that each quartile was
associated with the occurrence of ICAS in stroke group
(Q2: OR 1.44, 95% CI 1.00-2.08, Q3: OR 1.89, 95% CI
1.26-2.86, Q4: OR 2.82, 95% CI 1.79-4.48), whereas the
association in the group without stroke was not signifi-
cant (Table 3).

Association between neutrophil count and the number
and locations of ICAS

Among these participants, 757 (26.59%) of them were
found to have ICAS, including 445 patients with single
ICAS, 159 patients with two ICAS, and 153 patients with
multiple ICAS (more than three). We further evaluated
the correlation between neutrophil count and the num-
ber of ICAS. We found that patients in multiple ICAS
group had higher levels of neutrophils than those in the
other two groups (P < 0.0001) (Fig. 2). In addition, the
effect of neutrophil count on different locations of ICAS
was also analysed, and the highest count of neutrophils
was found in the group with both anterior and posterior
circulation ICAS (P < 0.0001) (Fig. 3).

Discussion

The major finding of this study was that peripheral neu-
trophil count was associated with ICAS. Higher neutro-
phil level was associated with greater risk of ICAS in
patients with AIS, but there was no significant
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correlation in subjects without stroke. In addition, we
also found that the number and locations of ICAS were
associated with the neutrophil count. Neutrophils might
play an important role in the presence of ICAS. Given
the difference in neutrophil count between subjects with
and without stroke, neutrophils may increase the occur-
rence of symptomatic intracranial atherosclerotic
stenosis.

Many studies have indicated that vascular risk factors
and metabolic syndrome have been considered to be
crucial determinants of ICAS [5, 27, 32]. Atherosclerosis
is increasingly considered to be a chronic inflammatory
disease [18, 19], which plays a pivotal role in the devel-
opment and destabilization of atherosclerosis [6, 7].
Neutrophils, as major determinants of inflammation,
have become the focus in exploring the relationship be-
tween neutrophil levels and vascular stenosis. Previous
studies confirmed that coronary artery stenoses are asso-
ciated with high neutrophil count in patients with
chronic stable angina [33]. Studies have also shown that
carotid artery disease has a relationship with neutrophils
in patients with peripheral arterial disease [34].

Stroke is closely related to intracranial atherosclerotic
disease, which occurs through various mechanisms such
as artery-to-artery embolism, hemodynamic insuffi-
ciency, situ thrombotic occlusion, and branch occlusion
[5].In the Northern Manhattan Study, intracranial
atherosclerosis caused ischemic stroke in 9% of white in-
dividuals, 17% of African-American, and 15% of
Hispanic. Intracranial stenosis was reported in 33-37%
of Chinese patients admitted to hospital with ischemic
stroke [31]. Several studies indicated that AIS was asso-
ciated with increased circulating markers of the inflam-
matory response, including peripheral neutrophil count,
peripheral leukocyte count, C-reactive protein and so on
[24, 35]. Similar to these studies, our study demonstrated
that there existed high levels of neutrophils in patients
with AIS. The increased number of activated peripheral
neutrophils could result in atherosclerotic lesions by in-
creased adhesion to and damage of the endothelial tissue
as well as the secretion of destructive components [8].
Therefore, endothelium cell dysfunction would be an in-
dispensable pathophysiological link between neutrophils
and ICAS lesions.

The potential mechanism associating neutrophils with
ICAS remains unclear, and the following mechanisms
might explain their relationship. Firstly, neutrophils have
been regarded as major components of the inflammatory
response, which are able to generate detrimental mate-
rials when activated [22, 26]. These substances not only
regulate acute inflammatory response, but also result in
endothelial dysfunction [22, 36]. Research has suggested
that endothelial impairment is deemed to be an early
marker for atherosclerotic lesions and is beneficial to all
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Fig. 1 The levels of neutrophil count among four groups of participants. *The neutrophil counts were significantly higher in subjects with ICAS
than those of subjects without ICAS in groups with and without stroke (P < 0.0001 for stroke group, P=0.0097 for group without stroke)

Table 3 Logistic regression analysis of the association between neutrophil count and intracranial atherosclerotic stenosis according
to quartiles of neutrophil count

Unadjusted Multivariate Analysis
OR 95%Cl P-value OR 95%(Cl P-value

With stroke

Neutrophil(total) 118 1.11-1.25 <0.0001 122 1.12-1.34 < 0.0001

Quartile 1 (<3.23) ref ref

Quartile 2 (3.23-4.09) 118 0.85-1.64 0.3310 144 1.00-2.08 0.0499

Quartile 3 (4.10-5.40) 127 091-1.75 0.1560 1.89 1.26-2.86 0.0024

Quartile 4 (> 5.40) 217 1.58-2.99 <0.0001 282 1.79-448 <0.0001
Without stroke

Neutrophil(total) 1.10 1.01-1.19 0.0205 1.19 1.03-1.38 0.0214

Quartile 1 (< 2.77) ref ref

Quartile 2 (2.77-3.46) 0.94 0.64-1.39 0.7632 091 0.60-1.39 06731

Quartile 3 (3.47-4.32) 137 0.95-1.98 0.0910 1.39 0.92-2.11 0.1228

Quartile 4 (>4.32) 139 0.96-2.01 0.0807 147 0.89-2.43 0.1302
Total

Neutrophil(total) 1.19 1.14-1.25 <0.0001 124 1.16-1.32 < 0.0001

Quartile 1 (< 2.94) ref ref

Quartile 2 (2.94-3.74) 1.04 0.81-1.35 0.7390 1.02 0.78-1.34 0.8924

Quartile 3 (3.75-4.80) 1.63 1.28-2.08 <0.0001 1.81 1.39-2.37 < 0.0001

Quartile 4 (> 4.80) 2.09 1.65-2.66 <0.0001 229 1.70-3.10 <0.0001

Abbreviations: OR Odd Ratio, C/ Confidence Interval, ICAS intracranial atherosclerotic stenosis. In the group with stroke: adjusted for high-density lipoprotein,
Lymphocytes, neutrophil to lymphocyte ratio, hypertension, diabetes mellitus, glycemia levels. In the group without stroke: adjusted for total cholesterol, high-
density lipoprotein, low-density lipoprotein, lymphocytes, neutrophil to lymphocyte ratio, hypertension, diabetes mellitus, smoking, alcohol use, glycemia levels.
Total: adjusted for lipoprotein, triglyceride, total cholesterol, high-density lipoprotein, low-density lipoprotein, neutrophil to lymphocyte ratio, diabetes mellitus,
smoking, alcohol use, coronary heart disease, glycemia levels. In the group with stroke: among stroke with ICAS and stroke without ICAS groups; In the group
without stroke: among non-stroke with ICAS and non-stroke without ICAS groups; Total: among groups with and without stroke
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stages of atherosclerosis [22, 36]. Given this relationship
between endothelial dysfunction and atherosclerosis,
there might be an important pathophysiological link be-
tween neutrophils and ICAS. Secondly, previous studies
indicated that an elevated level of leukocytes was corre-
lated with diabetes, obesity and hypertriglyceridemia,

hence supporting the statement that inflammation is
part of the metabolic syndrome [37, 38]. Studies have
emphasized that metabolic syndrome was closely associ-
ated with the progress of atherosclerosis [32, 37]. These
evidences imply that neutrophils may lead to athero-
sclerosis by affecting metabolic condition. Moreover,

N
10.04 Z 7y
. - v-a—
j . Chd ) . .
5 7.54 =S <t ol
= —t R IR g N
> . . e o .
g o b 3 Location
£ ol K e,
g R of e P Anterior circulation
o '. % o 0‘. . .
= 5.0 5% gn
L | K 3o AN *  Posterior circulation
g- Lon, e ig O
g B 5 oy
5 i
=z PRy — w o
R 2 "3 17evg i e
2.5 R RS 43 e d RS
L L AR I
. . 2 b .
Posterior circulation Anterior circulation Both
The locations of intracranial stenosis
Fig. 3 Differences in neutrophil count among groups according to ICAS lesion locations. *The highest count of neutrophils was found in the
group with both anterior and posterior circulation ICAS (P < 0.0001)
J




Zhang et al. BMC Neurology (2020) 20:65

some studies have suggested that levels of inflammatory
markers involved in the process of atherosclerosis are as-
sociated with vascular risk factors [39, 40]. Therefore,
the mechanism underlying the association between neu-
trophils and ICAS may be that there are larger burdens
of various vascular risk factors in subjects with increased
neutrophil count. Further research is needed to identify
possible mechanisms.

Interestingly, we found that the number of ICAS had
correlation with circulating neutrophil count. Many
studies have shown that the severity of coronary heart
disease and carotid stenosis has association with inflam-
matory markers [6, 18, 27, 33, 34, 41]. We found that
the neutrophil count was significantly higher in the mul-
tiple ICAS group, indicating that the greater number of
ICAS may be associated with the higher levels of neutro-
phils. We also found that ICAS locations had correlation
with elevated neutrophil count. However, a previous
study demonstrated that there was no significant correl-
ation between ICAS locations and inflammation [42],
considering that atherosclerosis is a systemic disease.
The result was inconsistent with our study. The incon-
sistency may be due to the heterogeneity of ethnicity,
differences in arterial or genetic susceptibility, regional
difference and study design of different studies. A prior
study indicated that different locations of intracranial
stenosis are associated with different vascular risk factors
and demographic features [43], whereas the mechanisms
associating neutrophil count with vascular stenosis loca-
tions are not well known. We need to explore the under-
lying mechanism between them in future research. We
further assessed the difference in neutrophil levels be-
tween genders. Compared to women, men had higher
levels of neutrophils. The result may indicate that men
were more likely to have ICAS than women. This result
is consistent with a published article [44].

This study had several limitations. First, since this is a
cross-sectional study, definitive conclusions on the asso-
ciation between neutrophils and ICAS cannot be
reached. Further prospective studies are warranted to
confirm our findings. Second, this is a single center
study. Although we had a relatively large sample size, se-
lection biases and race difference should also be taken
into account. Thus, the application of our results to dif-
ferent demographic groups should be approached cau-
tiously. Third, our study found that there is no
relationship between neutrophil count and ICAS in the
group without stroke. This result may be due to that the
sample size is not large enough to reflect the actual rela-
tionship between neutrophils and ICAS. Therefore, we
need to expand the sample size to further explore the as-
sociation between neutrophils and ICAS in the group
without stroke. Fourth, we measured the neutrophil level
at a single time point and the acute stage of stroke. The
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dynamic change of neutrophil counts at different stages
could not be presented in this study.

Conclusion

To summarize, neutrophil count was correlated with the
presence of ICAS. We also found that the number and
locations of ICAS had relationship with neutrophils. Our
findings suggest that neutrophils may play a role in the
pathogenesis of stroke related to ICAS and emphasize
the need to develop proper strategies to control neutro-
phil response for the treatment of ICAS. More studies
will be needed to better evaluate the correlation between
peripheral neutrophil count and ICAS.
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