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Background and Purpose: Leukocytes and fibrinogen are inflammatory markers involved in circulating and central inflammatory 
response after ischemic stroke. However, the interaction between circulating leukocytes and serum fibrinogen and neuronal injury in 
acute ischemic stroke (AIS) patients is still unclear. The present study aimed to investigate the association between circulating 
leukocyte and serum fibrinogen and neuronal injury respectively in AIS.
Methods: A cross-section study with 431 hospitalized AIS patients from department of neurology was performed. Circulating 
leukocytes and fibrinogen were measured, and neuron-specific enolase (NSE) was detected to evaluate central neuronal damage. 
A propensity score matching method was used to minimize the effects of confounding factors. The relationship between leukocytes 
and NSE and fibrinogen was analyzed by linear curve fitting analysis and multiple logistic regression models respectively.
Results: The mean levels of NSE, leukocyte, and fibrinogen were significantly higher in the matched AIS group (n=89) than those of 
in the healthy control group (n=89) (all p<0.05). Both serum NSE and fibrinogen were increased with the increasing of leukocyte in 
AIS patients (both p<0.05). Smoothed plots suggested that there are linear relationships between leukocyte and NSE and fibrinogen 
respectively. Multiple logistic regression analysis showed the OR (95%) for the relationship between leukocyte and high NSE were 
1.13 (1.01–1.26, p=0.031) and 1.13 (1.00–1.28, p=0.048), and between leukocyte and high fibrinogen were 1.40 (1.22–1.61, p<0.001) 
and 1.35 (1.15–1.58, p<0.001) in all AIS patients before and after adjusting for potential confounders.
Conclusion: Our study suggests that elevated circulating leukocyte was associated with high fibrinogen and neuronal injury in AIS. 
Therefore, there may be potential targets among circulating leukocyte, fibrinogen and NSE that should be intervened to reduce 
inflammatory reaction after ischemic stroke.
Keywords: acute ischemic stroke, fibrinogen, leukocyte, neuron-specific enolase, multivariate analysis

Introduction
Acute ischemic stroke (AIS) is a serious worldwide public health problem with high mortality and disability rates.1 The 
prevalence of stroke in China and most provinces has continued to increase during the period from 2013 to 2019.2 Post- 
ischemic inflammation may cause secondary brain injury and systemic immunosuppression. Increasing evidence demon-
strates that inflammation is involved in the pathogenesis of brain injury after ischemic stroke.3 Multiple factors and 
immune cells are involved in the post-stroke immune response, which may lead to blood-brain barrier disruption, 
oxidative stress, microvascular injury, directing neuronal death.4,5 Early detection and intervention for inflammatory 
responses after stroke is beneficial for patients.

Fibrinogen, a major determinant of blood viscosity and platelet activation, is involved in the pathophysiological 
process of inflammation.6,7 Epidemiological studies have demonstrated that fibrinogen levels increase gradually over the 
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first 24h,8 and elevated fibrinogen levels at admission are associated with poor outcomes in AIS patients.9,10 Peripheral 
circulating leukocytes, recruited by the proinflammatory signals such as immune mediators, are known to be potentially 
critical in the processes of neuronal damage after stroke.11,12 Additionally, neuron-specific enolase (NSE) has been 
considered as a reliable neurobiochemical protein marker, which is widely used in the evaluation of neuronal injury in 
cerebrovascular diseases.13,14

In clinical practice, we observed that both circulating leukocytes and fibrinogen increased in AIS patients. In the 
mouse model of middle cerebral artery occlusion, we also detected the fibrinogen deposition and neutrophil activation in 
the ischemic brain lesions. In 2021, Science magazine published an article which showed that fibrin is a critical regulator 
of neutrophil effector function, and fibrin-neutrophil engagement may be a pathogenic instigator for a prevalent mucosal 
disease.15 Therefore, clarifying the association between circulating leukocytes and fibrinogen and neuronal injury 
respectively may identify the potential intersection targets to reduce inflammatory reaction and neuronal damage after 
ischemic stroke.

Based on current evidence, both circulating leukocytes and fibrinogen infiltrates into ischemic lesion through the 
damaged blood-brain barrier (BBB) to aggravate the inflammatory reaction after stroke, while the NSE originated from 
the injured neurons in the lesion can flow into the peripheral circulation (Figure 1). Herein, we hypothesized that there is 
association between circulating leukocytes and NSE, and interaction between circulating leukocytes and fibrinogen after 
ischemic stroke. Thus, the present study aimed to assess the association between circulating leukocytes and fibrinogen 
and neuronal injury accessed by NSE in the AIS patients.

Subjects and Methods
Ethics
In accordance with the Declaration of Helsinki, this study was approved by the ethics committee of Baoshan Branch, 
Shanghai Jiao Tong University School of Medicine Affiliated Renji Hospital, Shanghai, China (Ethics Approval Number 
2022-KSSC-01). All study subjects or their immediate family members (Patients with consciousness disorder or 
dysarthria after AIS) provided informed consent prior to sample collection.

Figure 1 Inflammatory response in blood circulation and brain in acute ischemic stroke. Both circulating leukocytes and fibrinogen infiltrates into ischemic lesion through 
the damaged blood-brain barrier to aggravate the inflammatory reaction after stroke, while the NSE released by the injured neurons in the lesion flow into the peripheral 
circulation.
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Design
The study was performed in a cross-sectional design aimed to explore the association between leukocyte and fibrinogen 
in the AIS patients. Consecutive AIS patients were enrolled in this study from Renji Hospital Baoshan Branch in China 
from January 1, 2018, and August 31, 2019. In the hospital’s Stroke Registry Database, patient data were recorded.

Study Subjects
AIS patients were diagnosed according to the World Health Organization criteria.16 The inclusion criteria were as 
follows: (1) AIS onset within 24 hours, (2) clinical symptoms and signs can be evaluated, (3) confirmed by brain imaging 
[computed tomography (CT) or magnetic resonance imaging (MRI)], and (4) aged 40 years or older.

The exclusion criteria were as follows: (1) transient ischemic attack, (2) intracerebral hemorrhage, (3) malignancies 
and post-splenectomy, (4) primary thrombocytopenia, megaloblastic anemia, post-splenectomy, leukemia, giant platelet 
syndrome, and aplastic anemia, (5) cardiac valvulopathy and acute myocardial infarction, and (6) clinical and laboratory 
data were not available for analysis, including unintegrated patient data.

Healthy control subjects were recruited and matched for age and sex via propensity score matching at the same time 
as the AIS patients included in our study. The exclusion criteria for the healthy control subjects who underwent health 
screening were as follows: (1) infection and inflammation within 4 weeks, (2) abnormalities in serum fat, serum sugar, 
hepatic function, and kidney function, (3) a history of hypertension, diabetes, CHD, and atrial fibrillation, and (4) 
a history of ischemic stroke, myocardial infarction, thrombophlebitis, and medical interview that might affect leukocytes 
and fibrinogen.

Clinical Characteristics and Laboratory Data
The baseline data for demographic characteristics, medical history [hypertension, coronary heart disease (CHD), 
diabetes, and atrial fibrillation], and drugs used before admission (antidiabetic drugs, antihypertensive drugs, lipid 
lowering drugs, anticoagulant drugs, and antiplatelet drugs) were collected in detail by interviewed with patients and 
their family members upon admission.

Fasting venous blood samples were obtained within one hour after admission and before administration of therapy, 
including intravenous recombinant tissue type plasminogen activator (rt-PA) and any angioplasty procedure in the 
emergency room. Blood sample was collected into an EDTA-containing vacuum tubes to assess levels of fibrinogen, 
which were measured with a commercially available fibrinogen kit (semi-automatic coagulation instrument) purchased 
from the Biotechnology Co., Ltd (Shanghai, China). The intra-assay and interassay coefficients of variation were 2.3% 
and 5.34%, respectively, while the detection limits ranged from 0.39 to 25.0 g/L for fibrinogen, and the normal reference 
range of fibrinogen ranged between 2 g/L and 4 g/L. Another 2 mL blood sample was collected into an EDTA-containing 
vacuum tube for leukocyte count, which was detected by XFA6100 automatic hematology analyzer. The intra-assay and 
interassay coefficients of variation were 4% and 10%, respectively. The normal reference range of leukocyte ranged 
between 4 and 10 ×1012/L. Levels of NSE were assessed using commercially available quantitative sandwich enzyme- 
linked immunosorbent assay (ELISA) kits purchased from R&D Systems (Shanghai, China). The intra-assay and 
interassay coefficients of variation were b=3% and b=7%, respectively. The minimum effective detection limit was 
0.229 ng/mL, and the detection values ranged from 0.625 to 40 ng/mL for NSE, and the normal NSE value in our 
laboratory was < 16.3 mg/L as previously described in our study.17

Fasting blood samples were collected by venipunctures to measure routine blood examination [red blood cell (RBC) 
count, leukocyte count, lymphocyte count, neutrophil count, and platelet count], serum biochemical indexes [levels of 
alanine aminotransferase, total bilirubin, fasting blood sugar, creatine, uric acid, urea, homocysteine, glycosylated 
hemoglobin, and erythrocyte sedimentation rate], blood lipids [levels of triglyceride, low density lipoprotein cholesterol 
(LDL-C), and high density lipoprotein cholesterol (HDL-C)], clotting indexes (fibrinogen, D-Dimer, partial thrombo-
plastin time, and prothrombin time). All determinations were performed by laboratory technicians blinded to all clinical 
data.
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Groups
All include AIS patients were grouped by two criteria. 1), First, AIS patients were grouped by clinical normal reference 
values of NSE and fibrinogen in baseline characteristics analysis. High NSE was identified when its value was greater 
than or equal to 16.3 ng/mL. High fibrinogen was identified when its value was greater than 4 g/L. In additionally, AIS 
patients were categorized into the T1 (low), T2 (middle) and T3 (high) groups according to the leukocyte tertile levels in 
multivariate logistic regression for effects of leukocyte on high NSE and high fibrinogen. 2), Second, AIS patients were 
organized according to the normal reference values of laboratory indicators in the hierarchical analysis, including fasting 
glucose, LDL-C, and RBC. While dates of ALT, BUN, creatinine, lymphocyte count, and platelet were categorized into 
low and high groups by dichotomization according to statistical method.

Propensity Score Matching
Propensity score matching was performed to minimize the bias factors and control potential confounding factors between 
the AIS and healthy control groups based on baseline covariates. Thus, our study used a nearest-neighbor matching 
algorithm adjust for sex and age, and the tolerable caliper width was 0.01, with a 1:1 individual matching. We compared 
the levels of leukocyte and fibrinogen between the AIS group and healthy control group, and described the correlation 
between leukocyte and fibrinogen in the AIS and healthy control groups respectively after propensity score matching.

Statistical Analysis
The characteristics of study participants at baseline are presented by fibrinogen level. Categorical variables presented as 
frequency counts and percentages were analyzed using Chi-square and Fisher’s exact tests. Continuous variables were 
presented as means with standard deviations (SE) for normal distribution data, which were analyzed by t-tests, and they 
were expressed as medians with interquartile ranges (IQR) for abnormal distribution data, which were analyzed by 
Mann–Whitney U-tests. Differential expression of NSE, leukocyte, and fibrinogen were accessed between the AIS and 
healthy control groups, and receiver operating characteristic (ROC) analyses were also conducted to validate the 
difference. The 95% confidence interval (CI) and the area under the ROC curve (AUC) were calculated. An AUC of 
1.0 represents perfect discrimination, whereas an AUC of 0.5 represents no discrimination.

The association between leukocyte and high fibrinogen (high NSE) were assessed by linear curve fitting analyses 
(generalize additive models) and multivariate logistic regression analysis. Baseline variables considered clinically 
relevant to leukocyte and fibrinogen (NSE) or that showed a univariate relationship with high fibrinogen (high NSE) 
were selected into multivariate logistic regression model. Both non-adjusted and adjusted models were used, and 
stratified analyses and interaction testing were performed. Figure 1 was drawn by Figdraw through online software 
(https://www.figdraw.com/static/index.html). Statistical analyses were performed using the Statistical Package for the 
Social Sciences Software (SPSS) (version 24.0, Chicago, IL, USA) and R (version 3.6.3). The statistical significance 
level was set at a two-tailed p-value of <0.05.

Results
Baseline Characteristics
At the time of the final survey in August 2019, a total of 595 consecutive AIS candidates were recruited for the study. 
Among these AIS candidates, patients who had met any exclusion criteria were excluded (n=37), patients who had 
missing data related to NSE, leukocyte, fibrinogen, sex and age were also excluded from the eligible candidates for the 
study (n=95). Those with unreliable values of fibrinogen (<0.5 g/L) (n=17) and those with implausible values of 
leukocyte (< 2×1012/L) (n=15) were also excluded from the eligible candidates. As a result, a total of 431 AIS subjects 
were included for the final analyses. According to the clinical normal range of fibrinogen, 431 AIS subjects were 
categorized into normal and high fibrinogen groups. Meanwhile, a total of 89 cases of healthy control were also included 
in this study to compare the levels of leukocyte and fibrinogen with 89 cases of AIS matched with age and sex via 
propensity score matching. A flowchart of the study is shown in Figure 2.
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Figure 2 A flowchart of the study.
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Among 431 study AIS subjects, women accounted for 46.17% (n=199) and men for 53.83% (n=232). The age of the 
enrolled subjects ranged from 40 to 99 yr (women, 49–99 yr; men, 40–91 yr) with a mean age of 73.05±10.84 yr 
(women, 76.39±10.22 yr; men, 70.20±10.56 yr). The disease duration before admission ranged from 0.5 to 46 hours with 
a median and interquartile range of 7.0 (4.0–17.5) hours. The NSE ranged from 6.56 to 23.82 ng/mL, the leukocyte 
ranged from 2.26 to 14.15 ×1012/L, and the fibrinogen ranged from 1.23 to 6.23 g/L. The baseline characteristics of the 
included patients are shown in Tables 1, 2, Supplement Tables 1 and 2.

Among 89 cases of healthy control, women accounted for 59.55% (n=53) and men for 40.45% (n=36). The age of the 
enrolled healthy control subjects ranged from 48 to 92 yr (women, 48–92 yr; men, 48–85 yr) with a mean age of 68.31 
±9.01 yr (women, 69.25±9.69 yr; men, 66.94±7.83 yr). The characteristics of AIS and healthy control groups after 

Table 1 Baseline Characteristics of Participants by Leukocyte Level

Index Normal Leukocyte 
Group (N=390)

High Leukocyte Group 
(N=41)

Standardize Diff P-value

Basic information
Sex (men) (%) 214 (54.87) 18 (43.90) 0.22 (−0.10, 0.54) 0.180

Age (years) 72.86±10.81 74.95±11.12 0.19 (−0.13, 0.51) 0.240

Disease duration (hours) 7.00 (4.00–17.00) 6.00 (3.00–19.00) 0.06 (−0.27, 0.38) 0.381
OCSP classification
TACI (%) 44 (11.28) 4 (9.76) 0.05 (−0.27, 0.37) 0.768

PACI (%) 116 (29.74) 15 (36.59) 0.15 (−0.18, 0.47) 0.365
POCI (%) 75 (19.23) 7 (17.07) 0.06 (−0.27, 0.38) 0.738

LACI (%) 155 (39.74) 15 (36.59) 0.07 (−0.26, 0.39) 0.694

Medical history
Hypertension (%) 345 (88.46) 37 (90.24) 0.06 (−0.26, 0.38) 0.732

Diabetes (%) 131 (33.59) 18 (43.90) 0.21 (−0.11, 0.53) 0.187

CHD (%) 106 (27.18) 13 (31.71) 0.10 (−0.22, 0.42) 0.537
Atrial fibrillation (%) 11 (2.82) 3 (7.32) 0.21 (−0.12, 0.53) 0.122

Blood routine indicators
Leukocyte count (1012/L) 6.57±1.56 11.49±1.27 3.45 (3.06, 3.85) <0.001
Women (1012/L) 6.40±1.61 11.41±1.18 3.55 (2.99, 4.11) <0.001

Men (1012/L) 6.71±1.52 11.59±1.40 3.34 (2.77, 3.91) <0.001

Neutrophil count (109/L) 4.18±1.36 8.77±2.30 2.43 (2.07, 2.79) <0.001
Monocyte count (109/L) 0.42±0.15 0.71±0.25 1.42 (1.08, 1.75) <0.001

Lymphocyte count (109/L) 1.72 (1.35–2.25) 2.17 (1.51–3.05) 0.25 (−0.07, 0.58) 0.010

RBC (1012/L) 4.37±0.63 4.66±0.55 0.50 (0.18, 0.83) 0.004
Platelet (109/L) 217.53±67.10 245.93±82.09 0.38 (0.06, 0.70) 0.012

Hemoglobin (g/L) 127.53±21.19 135.66±18.37 0.41 (0.09, 0.73) 0.019

Blood biochemical indicators
ALT (U/L) 16.85 (11.85–24.28) 16.90 (13.20–22.10) 0.22 (−0.10, 0.54) 0.845

Total bilirubin (μmol/L) 11.50 (8.30–15.40) 16.50 (12.50–19.40) 0.64 (0.32, 0.97) <0.001

Total protein (g/L) 68.39±7.54 70.26±11.32 0.19 (−0.13, 0.52) 0.153
Albumin (g/L) 40.36±4.83 39.75±7.56 0.10 (−0.23, 0.42) 0.468

Uric acid (μmol/L) 291.43±103.89 283.20±117.10 0.07 (−0.25, 0.40) 0.634

Creatinine (μmol/L) 80.84±39.66 70.27±23.73 0.32 (0.00, 0.65) 0.095
BUN (mmol/L) 5.98±2.98 7.04±5.79 0.23 (−0.09, 0.55) 0.055

HCY (μmol/L) 13.00 (8.00–20.00) 15.00 (12.00–20.00) 0.04 (−0.28, 0.36) 0.298

ESR (mm/h) 22.00 (12.00–30.00) 18.00 (7.00–31.00) 0.19 (−0.13, 0.51) 0.343
LDL-C (mmol/L) 2.82±0.97 3.00±1.01 0.17 (−0.15, 0.50) 0.279

HDL-C (mmol/L) 1.24±0.32 1.35±0.50 0.27 (−0.05, 0.59) 0.044

(Continued)
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propensity score matching by sex and age are shown in Supplement Table 3. Which showed that the baseline 
characteristics of patients achieved balance between two groups after propensity score matching.

Differential Expression Levels of NSE, Leukocyte, and Fibrinogen in the Healthy 
Control and the Matched AIS Groups
Between the healthy control and matched AIS groups, there was no difference in sex and age after propensity score 
matching analysis. The mean level of NSE was higher in the matched AIS group than that of in the healthy control group 
(14.07 ± 3.13 ng/mL vs 12.79 ± 3.70 ng/mL, p=0.014) (Figure 3A), the mean level of leukocyte was higher in the 
matched AIS group than that of in the healthy control group (7.27±2.36*1012/L vs 6.11±1.81*1012/L, p<0.001) 

Table 1 (Continued). 

Index Normal Leukocyte 
Group (N=390)

High Leukocyte Group 
(N=41)

Standardize Diff P-value

TG (mmol/L) 1.36±0.92 1.28±0.69 0.10 (−0.22, 0.42) 0.585
TCH (mmol/L) 4.45±1.06 4.68±1.16 0.21 (−0.12, 0.53) 0.191

Fasting glucose (mmol/L) 6.03±1.75 6.63±2.61 0.27 (−0.05, 0.59) 0.047

Abbreviations: ALT, alanine aminotransferase; BUN, blood urea nitrogen; CHD, coronary heart disease; ESR, erythrocyte sedimentation rate; 
HCY, hemocyanin; HDL-C, high density lipoprotein cholesterol; INR, international normalized ratio; LACI, lacunar infarction; LDL-C, low 
density lipoprotein cholesterol; OCSP, Oxfordshire Community Stroke Project; PACI, partial anterior circulation infarction; POCI, posterior 
circulation infarction; RBC, red blood cell; TACI, total anterior circulation infarction; TCH, total cholesterol; TG, triglyceride.

Table 2 Clotting, tumor and medication use of Participants by Leukocyte Level

Index Normal Leukocyte Group 
(N=390)

High Leukocyte Group 
(N=41)

Standardize 
Diff

P-value

Clotting index
D-dimer (ug/mL) 0.40 (0.23–0.87) 0.54 (0.28–1.39) 0.10 (−0.22, 0.42) 0.257
PT (second) 10.98±0.85 11.18±1.21 0.20 (−0.13, 0.52) 0.159

PTT (second) 27.54±3.80 28.02±4.66 0.11 (−0.21, 0.44) 0.449

Fibrinogen (g/L) 2.87±0.74 3.71±1.10 0.89 (0.57, 1.22) <0.001
Women (g/L) 2.96±0.75 3.64±0.86 0.85 (0.40, 1.29) <0.001

Men (g/L) 2.80±0.73 3.80±1.37 0.91 (0.42, 1.40) <0.001

High fibrinogen group (%) 27 (6.92) 16 (39.02) 0.83 (0.50, 1.15) <0.001
NSE (ng/mL) 13.48±3.24 14.44±3.34 0.29 (−0.03, 0.61) 0.054

Women (ng/mL) 13.37 ± 3.26 14.46 ± 1.82 0.42 (−0.02, 0.85) 0.116

Men (ng/mL) 13.58 ± 3.24 14.40 ± 4.69 0.20 (−0.28, 0.69) 0.321
High NSE (%) 70 (17.95) 10 (24.39) 0.16 (−0.16, 0.48) 0.313

Tumor index
AFP (ng/mL) 1.80 (1.00–2.80) 1.50 (0.50–2.60) 0.25 (−0.07, 0.57) 0.114
CEA (ng/mL) 1.47 (0.87–2.35) 1.88 (1.23–2.22) 0.18 (−0.14, 0.50) 0.454

CA153 (u/mL) 7.50 (5.90–11.07) 7.10 (5.40–8.90) 0.05 (−0.27, 0.37) 0.531

CA724 (u/mL) 2.03 (1.12–4.07) 1.74 (1.02–3.02) 0.13 (−0.19, 0.45) 0.467
Medication use before 
admission
Antihypertensive drugs (%) 325 (83.33) 35 (85.37) 0.06 (−0.27, 0.38) 0.739
Lipid lowering drugs (%) 149 (38.21) 20 (48.78) 0.21 (−0.11, 0.54) 0.187

Antidiabetic drugs (%) 121 (31.03) 18 (43.90) 0.27 (−0.05, 0.59) 0.093

Antiplatelet drugs (%) 335 (85.90) 34 (82.93) 0.08 (−0.24, 0.40) 0.606

Abbreviations: AFP, alpha-fetoprotein; CEA, carcinoembryonic antigen; CA, cancer; NSE, neuron-specific enolase; PT, prothrombin time; PTT, partial 
thromboplastin time.
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(Figure 3B), and the level of fibrinogen was also observed higher in the matched AIS group than that of in the healthy 
control group (2.94±0.81* g/L vs 2.66±0.65 g/L p=0.012) (Figure 3C). The AUC (95% CI) of the ROC curve for NSE, 
leukocyte, and fibrinogen between the healthy control and the matched AIS groups were 0.655 (0.573–0.736, p<0.001), 
0.650 (0.568–0.730, p<0.001), and 0.626 (0.543–0.709, p=0.003), respectively (Figure 3D–F), which validated that the 
mean levels of NSE, leukocyte, and fibrinogen were higher in the matched AIS group than those of in the healthy control 
group. In addition, the Person’s correlation coefficient (95%) for the relationship between leukocytes and fibrinogen were 
0.321 (0.121–0.496, p=0.002) in the matched AIS group, and 0.045 (−0.165–0.251, p=0.676) in the healthy control 
group. Which showed that the level of fibrinogen was observed increasing with the elevated level of leukocyte in the 
matched AIS group, but not in the healthy control group (Supplement Figure 1).

Differential Expression Levels of NSE and Fibrinogen in AIS Patients Grouped by 
Leukocyte
In all included AIS patients, the mean serum NSE levels were 13.17±3.08 ng/mL, 13.44±3.30 ng/mL, and 14.11±3.34 ng/ 
mL in the low (T1), middle (T2), and high (T3) leukocyte tertiles for all patients, respectively, and there was a significant 
difference among the three groups (p=0.002) (Figure 4A). Prevalence of high NSE were 14.69%, 16.08%, and 24.83% in 
the low (T1), middle (T2), and high (T3) leukocyte tertiles for all patients (p=0.056) (Figure 4B), respectively. 
Meanwhile, the mean serum fibrinogen levels were 2.67±0.68 g/L, 2.96±0.76 g/L, and 3.21±0.91 g/L in the low (T1), 
middle (T2), and high (T3) leukocyte tertiles for all patients (p<0.001) (Figure 4C), respectively. Prevalence of high 

Figure 3 Differential expression of NSE, leukocyte and fibrinogen in healthy and AIS groups. (A–C) Between the matched healthy (n=89) and AIS (n=89) groups, mean 
levels of NSE, leukocyte, and fibrinogen were higher in the matched AIS group than those of in the healthy control group (all p<0.05). (D–F) ROC analysis validated the high 
expression of NSE, leukocyte, and fibrinogen in the matched AIS group (all p<0.05).
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fibrinogen were 4.20%, 9.09%, and 16.55% in the low (T1), middle (T2), and high (T3) leukocyte tertiles for all patients 
(p<0.001) (Figure 4D), respectively. Which showed that both serum fibrinogen levels and prevalence of high fibrinogen 
were increased with the increasing of leukocyte levels.

Linear Curve Fitting of the Relationship Between Leukocyte and NSE and Fibrinogen, 
Respectively
Smoothed plots showed linear relationships between leukocyte and NSE (Figure 4E), and high NSE (Figure 4F) after 
adjusting for sex, age, CHD, RBC, creatinine, BUN, HCY, LDL-C, and fasting glucose, respectively. Additionally, 
smoothed plots also detected linear relationships between leukocyte and fibrinogen (Figure 4G), and high fibrinogen 
(Figure 4H) after adjusting for sex, age, diabetes, lymphocyte count, platelet, ALT, BUN, LDL-C, fasting glucose, lipid 
lowering drugs, and antiplatelet drugs, respectively. After hierarchical analysis by sex, it showed linear relationships 
between leukocyte and high fibrinogen in women (p=0.027) and men (p<0.001) (Supplement Figure 2).

Multiple Logistic Regression Analyses of the Relationship Between Leukocyte and High 
NSE and High Fibrinogen, Respectively
In multiple logistic regression analyses of the relationship between leukocyte and high NSE, baseline variables that were 
considered relevant to NSE and leukocyte by difference analysis or previous references or that showed a univariate 
relationship with high NSE were selected into multivariate logistic regression model. As a result, sex, age, CHD, RBC, 
creatinine, BUN, HCY, LDL-C, and fasting glucose were regarded as confounding factors related to high NSE. In 
multiple logistic regression analysis, the OR (95%) for the relationship between leukocyte and high NSE were 1.13 
(1.01–1.26, p=0.031) and 1.13 (1.00–1.28, p=0.048) in all patients before and after adjusting for sex, age, CHD, RBC, 
creatinine, BUN, HCY, LDL-C, and fasting glucose. After adjusted confounding factors, the OR (95%) for the relation-
ship between leukocyte and high NSE were 1.26 (1.05–1.51, p=0.011) and 1.09 (0.90–1.32, p=0.369) in men and women, 
respectively, and the OR (95%) showed a grade increase according to the leukocyte tertile’s by trend analysis (p=0.021) 
(Table 3), which showed a statistical significance. Hierarchical analysis, according to sex, age, CHD, RBC, creatinine, 

Figure 4 Differential expression of NSE and fibrinogen by fibrinogen and their linear curve fitting. (A–D) The mean levels of NSE and fibrinogen, and prevalence of high NSE 
and high fibrinogen were elevated with the increased leukocyte levels in AIS patients. (E–H) Smoothed plots suggested that there are linear relationships between leukocyte 
and NSE (high NSE) and fibrinogen (high fibrinogen) respectively after adjusting for confounding factors. Solid lines represent the fitting curve and dotted lines represent the 
corresponding 95% CI.
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BUN, HCY, LDL-C, and fasting glucose, also showed that the association between leukocyte and high NSE was 
statistically significant (Figure 5A, Supplement Table 4).

In multiple logistic regression analyses of the relationship between leukocyte and high fibrinogen, baseline variables 
that were considered relevant to leukocyte and fibrinogen by difference analysis or previous references or that showed 
a univariate relationship with high fibrinogen were entered into multivariate logistic regression model. As a result, sex, 
age, diabetes, lymphocyte count, platelet, ALT, BUN, LDL-C, fasting glucose, lipid lowering drugs, and antiplatelet 
drugs were regarded as confounding factors related to high fibrinogen. In multiple logistic regression analysis, the OR 
(95%) for the relationship between leukocyte and high fibrinogen was 1.40 (1.22–1.61, p<0.001) in all patients. When 
leukocytes were categorized into normal group and high group, the OR (95%) for the association between leukocyte and 
high fibrinogen was 8.60 (4.11–18.02, p<0.001) reference to normal leukocyte in all AIS patients. When the multivariate 
analysis was performed after adjusting for sex, age, diabetes, lymphocyte count, platelet, ALT, BUN, LDL-C, fasting 

Table 3 Multivariate Logistic Regression for Effects of Leukocyte on High NSE

Variable Model 1 (Unadjusted) Model 2 (Adjusted)

N OR (95% CI) p N OR (95% CI) p

Leukocyte (total) (continuous) 431 1.13 (1.01, 1.26) 0.031 431 1.13 (1.00, 1.28) 0.048
Women 199 0.99 (0.83, 1.17) 0.887 199 1.09 (0.90, 1.32) 0.369

Men 232 1.27 (1.09, 1.49) 0.002 232 1.26 (1.05, 1.51) 0.011

Leukocyte (categorical 3) 431 431
Tertile 1 (Low) 144 Ref 144 Ref

Tertile 2 (Middle) 142 1.54 (0.82, 2.93) 0.182 142 1.72 (0.88, 3.37) 0.115

Tertile 3 (High) 145 2.02 (1.09, 3.73) 0.026 145 2.22 (1.13, 4.35) 0.020
p for trend 0.026 0.021

Notes: Model 1: unadjusted. Model 2: adjusted for sex, age, CHD, RBC, creatinine, BUN, HCY, LDL-C, fasting glucose.

Figure 5 Forest plot of hierarchical analysis on relationship. (A) Hierarchical analysis on relationship of leukocyte and high NSE. Each stratification adjusted for all the factors 
(sex, age, CHD, RBC, creatinine, BUN, HCY, LDL-C, and fasting glucose) except the stratification factor itself. (B) Hierarchical analysis on relationship of leukocyte and high 
fibrinogen. Each stratification adjusted for all the factors (sex, age, diabetes, lymphocyte count, platelet, ALT, BUN, LDL-C, fasting glucose, lipid lowering drugs, and 
antiplatelet drugs) except the stratification factor itself.
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glucose, lipid lowering drugs, and antiplatelet drugs, the OR (95%) for the relationship between leukocyte and high 
fibrinogen were 1.35 (1.15–1.58, p<0.001) in all patients and 7.79 (3.33–18.20, p=0.033) in high leukocyte group, 
respectively, and the OR (95%) showed a grade increase according to the leukocyte tertile’s by trend analysis (p<0.001) 
(Table 4), which showed a statistical significance. Hierarchical analysis, according to sex, age, diabetes, lymphocyte 
count, platelet, ALT, BUN, LDL-C, fasting glucose, lipid lowering drugs, and antiplatelet drugs, also showed that the 
association between leukocyte and high fibrinogen was statistically significant (Figure 5B, Supplement Table 5).

Discussion
In the current study, clinical analysis found that elevated circulating leukocyte levels were independently associated with 
high NSE and high fibrinogen respectively in the AIS patients, and this positive effect was evident in all subgroups 
considered and after careful adjustments. Therefore, these results demonstrated that elevated circulating leukocyte was 
associated with high fibrinogen and neuronal damage in AIS patients.

Inflammation plays an important role in the pathophysiology of acute ischemic stroke, and inflammatory biomarkers 
have been demonstrated as reliable prognostic marker for outcomes events. In post-stroke inflammation, tumor necrosis 
factor alpha (TNF-α), interleukin-1 (IL-1), and interleukin-6 (IL-6) are usually referred as primary pro-inflammatory 
cytokines, and are investigated as essential signaling proteins secreted by endothelial cells, immune cells, oligodendro-
cytes, and astrocytes in central nervous system.18–20 Clinical studies show that higher plasma levels of TNF-α, IL-1β, and 
IL-6 are associated with serious inflammation and adverse outcome of ischemic stroke.21 Both circulating fibrinogen and 
C-reactive protein (CRP) are non-specific inflammatory mediators originated from liver. While circulating leukocytes 
were emerged from the bone marrow, and recruited into the brain lesions by inflammatory cytokines, including TNF-α, 
IL-1, and IL-6.22 Furthermore, leukocytes subset (neutrophils, monocytes and lymphocytes) can also secrete various 
cytokines, such as interleukin, interferon, tumor necrosis factor, further to participate in the regulation of inflammation 
and immune response in ischemic stroke.

In recent years, NSE has been used as a stable and reliable biochemical indicator for neuronal damage in AIS 
patients.13 NSE is a kind of glycolytic enzyme, which participates in the anaerobic glycolysis process after ischemic 
stroke. It has been proved that the integrity of central neuron is destroyed in the hypoxic state, and NSE released into the 
intercellular space and cerebrospinal fluid.23 The energy metabolism disorder of glial cells after cerebral infarction will 
also lead to the increase of serum NSE expression.24 Because the blood brain barrier (BBB) in cerebral infarction is 
destroyed, thus the NSE will enter into circulating system, which will increase the expression level of NSE in the 

Table 4 Multivariate Logistic Regression for Effects of Leukocyte on High Fibrinogen

Variable Model 1 (Unadjusted) Model 2 (Adjusted)

N OR (95% CI) p N OR (95% CI) p

Leukocyte (total) (continuous) 431 1.40 (1.22, 1.61) <0.001 431 1.35 (1.15, 1.58) <0.001

Women 199 1.33 (1.10, 1.61) 0.003 199 1.29 (1.01, 1.64) 0.042
Men 232 1.49 (1.21, 1.82) <0.001 232 1.44 (1.15, 1.82) 0.001

Leukocyte (categorical 1) 431 431

Leukocyte≤10 (1012/L) 390 Ref 390 Ref
Leukocyte >10 (1012/L) 41 8.60 (4.11, 18.02) <0.001 41 7.79 (3.33, 18.20) <0.001

Leukocyte (categorical 2) 431 431

Leukocyte≤75% 275 Ref 275 Ref
Leukocyte >75% 156 3.79 (1.99, 7.23) <0.001 156 3.62 (1.75, 7.46) <0.001

Leukocyte (categorical 3) 431 431

Tertile 1 (Low) 144 Ref 144 Ref
Tertile 2 (Middle) 142 3.04 (1.07, 8.68) 0.037 142 2.21 (0.73, 6.68) 0.159

Tertile 3 (High) 145 5.51 (2.04, 14.90) <0.001 145 4.13 (1.42, 12.03) 0.009

p for trend <0.001 0.005

Notes: Model 1: unadjusted. Model 2: adjusted for sex, age, diabetes, lymphocyte count, platelet, ALT, BUN, LDL-C, 
fasting glucose, lipid lowering drugs, and antiplatelet drugs.
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circulation in AIS patients.25 Inflammatory response in the ischemic lesion promotes neuronal apoptosis, which accel-
erates the release of NSE from central system to peripheral blood circulation.26,27 Inflammatory factors in the ischemic 
lesion originate from endogenous nerve tissues and exogenous blood circulation, the latter including circulating 
leukocyte and fibrinogen, and these two inflammatory factors have been observed in the ischemic lesion in previous 
studies.28 Infiltrating leukocytes can amplify ischemic inflammatory response by secreting a variety of proinflammatory 
mediators.29 In briefly, after the occurrence of ischemic stroke, peripheral leukocyte enters the ischemic focus through the 
damaged BBB and act as an inflammatory mediator to promote neuronal apoptosis, leading to an increased release of 
NSE. Our present clinical study showed that the circulating leukocyte was related to the expression of NSE. Furthermore, 
multiple logistic regression analysis showed that the peripheral circulating leukocyte may be an inflammatory risk factor 
that should be intervened for neuronal damage in AIS patients.

Previous studies focused on the role of leukocytes and fibrinogen in the thrombus formation in cardiovascular and 
peripheral vascular diseases.30,31 In cerebrovascular disease, some studies primary discovered the association between 
leukocyte and fibrinogen with clinical events respectively.32 Shi et al found that high fibrinogen levels on admission had 
a nearly 2-fold increased risk of thrombosis in AIS patients after intravenous thrombolysis.33 While Wijeratne et al 
showed an association of neutrophil-lymphocyte ratio and high fibrinogen in AIS patients undergoing mechanical 
thrombectomy.34 Skalny et al found that the combined effect of fibrinogen and leukocyte on worse outcome in AIS 
has not been well characterized.35 However, few literatures were found on the interaction between circulating leukocytes 
and fibrinogen in the inflammatory reaction after AIS. Our current study showed that patients with elevated leukocytes 
have a risk of high fibrinogen after the occurrence of AIS.

The mechanism of interaction between circulating leukocyte and high fibrinogen in AIS is still unclear, and 
inflammation and immunity-related response are two plausible mechanisms.36–38 The risk of thrombosis appears related 
to the level of neutrophilia, which are involved in the release of matrix metalloproteinase-9 as part of the breakdown of 
extracellular matrix in response to normal physiological processes.39,40 Recent studies have found that platelets, through 
interaction between P-selectin on the platelet surface and PSGL-1 on neutrophils, would trigger the formation of 
neutrophil extracellular traps (NETs), which will promote the occurrence of the coagulation cascade by activating the 
intrinsic pathway and degrading the inhibitor of the natural anticoagulant tissue factor (TF) pathway.36 Recently, elevated 
fibrinogen levels were reported involved in the process of stroke and other cardiovascular diseases.41,42 Luyendyk et al 
revealed that the fibrinogen played an important role in intensive and chronic low-grade inflammation.43 Another study 
showed that fibrinogen supports neutrophil activation by interacting with the human leukocyte adhesion glycoprotein 
αMβ2 integrin.44 An animal study also showed that fibrinogen could be synthesized and secreted during inflammatory 
stimulation.45 Therefore, it is important for AIS patients to identify the association between leukocyte and fibrinogen.

Despite its novelty, our study has several limitations that should to be considered. Firstly, this was a cross-sectional 
study, and establishing a causal link needs to be further verified in multicenter large sample prospective cohort studies. 
Secondly, there may be a bias in age toward AIS individuals, as the majority of included patients are over the age of 50 
years (mean 73 years). Thirdly, the evidence of association between leukocyte and fibrinogen and NSE was originated 
from literatures and needs to be proved by related basic experiment. Despite these limitations, these data are impactful 
and reliability. We excluded subjects with underlying diseases that may affect the values of fibrinogen, such as 
malignancies and hematological system diseases. In this study, we did not use National Institute of Health stroke scale 
(NIHSS) score to assess the severity of central neuron injury. Because some cerebral infarction lesions could occur in 
non-functional areas without clinical symptoms, so there is a bias of low NIHSS score. On the contrary, NSE can directly 
reflect the damage of neurons in functional and non-functional regions. Therefore, NSE was used to assess the severity of 
central neuron injury, which ensures the scientific nature of the conclusion.

Conclusion
In summary, our results found that elevated circulating leukocytes were significantly related to the high levels of 
fibrinogen and NSE in AIS patients. Therefore, there may be potential intersection targets among leukocytes and 
fibrinogen and neuronal damage that could be intervened to reduce inflammatory reaction after ischemic stroke. 
Further studies are required a follow-up study and animal experimental research to define the therapeutic targets.
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