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Abstract
Background: In�ammation affect long-term neurological outcome after acute ischemic stroke (AIS).
Comprehensive and insightful understanding of correlation of in�ammatory mediators and stroke
outcome may offer new biomarkers or therapeutic approaches for AIS. Methods: We collected plasma
from 204 AIS patients and 76 healthy controls, and ten cytokines (HGF, IL-1β, IL-2, sIL-2R, IL-5, IL-10, IL-16,
MIP-3α, CD40L and MMP1) screened out by Immune Monitoring 65-Plex Human ProcartaPlex Panel were
measured. Functional outcome 3 months after stroke was assessed using the modi�ed Rankin Scale. To
assess the prognostic ability of in�ammatory mediators, we applied multivariate logistic regression and
construction of multimarker score. Results: HGF, IL-10, IL-1β, MIP-3α, IL-2, sIL-2R, and IL-5 were
signi�cantly upregulated in AIS patients compared to controls. After multivariable adjustment, sIL-2R (OR,
1.138; 95% CI, 1.028-1.259; P=0.012) and HGF (OR, 1.121; 95% CI, 1.030-1.218; P=0.008) remained
individually associated with unfavorable outcomes at 3 months after AIS (p < 0.05). Furthermore, adding
sIL-2R and HGF to the conventional model signi�cantly improved risk reclassi�cation for unfavorable
outcomes (continuous net reclassi�cation improvement 32.18%, p < 0.001; integrated discrimination
improvement 10.21%, p < 0.001). Conclusions: Higher plasma sIL-2R was a new independent predictor of
unfavorable outcomes in AIS, and incorporation of sIL-2R and HGF into the conventional model
signi�cantly improved risk strati�cation for unfavorable outcomes.

Background
Stroke is the most common cause of disability, and there are about 25.7 million stroke survivors (71%
ischemic stroke) globally [1]. There is an urgent need to accurately predict outcome after acute ischemic
stroke (AIS) for physicians, patients, and their families to aid early and informed decision-making about
acute therapies, palliative care, and/or rehabilitation. Blood biomarkers re�ecting pathophysiological
processes associated with AIS and/or other concomitant diseases might improve outcome prediction.

In�ammation is a critical factor affecting the evolution of pathology after stroke and long-term
neurological outcomes [2-5]. A number of studies showed that the blood levels of cytokines such as C-
reactive protein, IL-6, TNF receptor and IL-10, were associated with outcomes in AIS patients [6-8]. It was
recently reported that the speci�c ex vivo released cytokine pro�le is associated with AIS outcome and
improves its prediction [9]. And serum dickkopf-3, an immune modulator in peripheral CD8 T-cell tolerance
[10], is associated with death and vascular events after ischemic stroke [11]. In addition to in�ammatory
mediators, lymphocytes produce increased amounts of acetylcholine in AIS patients, also contribute to
fatal post-stroke infection and mortality [12]. Serum level of irisin, a skeletal muscle cell-derived myokine,
was a powerful biological marker of risk of post-stroke depression [13]. To discover new independent
blood biomarkers or to combine with promising prognostic candidate biomarkers are both important [14].

To investigate the globally alterations of plasma biomarkers in AIS patients and healthy controls, we �rst
screened 65 cytokine/chemokine/growth factors by immune monitoring 65-Plex human panel, including
APRIL, BAFF, BLC, CD30, CD40L, ENA-78, Eotaxin, Eotaxin-2, Eotaxin-3, FGF-2, Fractalkine, G-CSF, GM-CSF,
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GROα, HGF, IFN-α, IFN- , IL-1α, IL-1β, IL-2, IL-2R, IL-3, IL-4, IL-5, IL-6, IL-7, IL-8, IL-9, IL-10, IL-12p70, IL-13, IL-
15, IL-16, IL-17A, IL-18, IL-20, IL-21, IL-22, IL-23, IL-27, IL-31, IP-10, I-TAC, LIF, MCP-1, MCP-2, MCP-3, M-CSF,
MDC, MIF, MIG, MIP-1α, MIP-1β, MIP-3α, MMP-1, NGF-β, SCF, SDF-1α, TNF-α, TNF-β, TNFR2, TRAIL, TSLP,
TWEAK, and VEGF-A. Among them, ten cytokine/chemokine/growth factors (IL-1β, IL-2, sIL-2R, IL-5, IL-10,
IL-16, MIP-3α, CD40L, MMP1 and HGF) were discovered to change signi�cantly (Supplementary Figure 1).
To con�rm their change and �nd the independent prognostic factor after AIS, we collected plasma and
measured 10 cytokine/chemokine/growth factors from 204 AIS patients and 76 matched controls using
a multiplex immunoassay. Multivariate logistic regression models were used to identify the signi�cance
of each factor, and NRI and IDI was calculated to explore if adding these independent biomarkers to the
basic model with traditional risk factors will improve risk strati�cation for unfavorable outcomes.

Methods
Study Participants and outcome assessment

The data that support the �ndings of this study are available from the corresponding author on
reasonable request. We retrospectively screened a consecutive range of patients who were diagnosed
with AIS and presented within 24 hours after symptom onset at Xuanwu Hospital of Capital Medical
University between November 2018 and May 2019. Our study was approved by the Ethics Committee of
Xuanwu Hospital, Capital Medical University. All patients or their immediate family members provided
written informed consent. Inclusion criteria included (1) presented with focal or global neurological
de�cits, (2) brain magnetic resonance imaging (MRI) or computed tomography (CT) con�rmed the
diagnosis of AIS, (3) premorbidity modi�ed Rankin Scale (mRS) ≤1, and (4) a clinical evaluation at 3
months poststroke was performed and recorded. Patients with cerebral hemorrhage within the most
recent three months, cancer, rheumatic heart disease, heart failure, renal failure, liver cirrhosis, immune
diseases, active infection, epilepsy and other neurological diseases were excluded from our study. Clinical
outcome was evaluated at 90 days after stroke using the mRS score, with a favorable outcome de�ned
as mRS 0-2. The follow-up was evaluated by trained neurologists unaware of treatment assignment.

Clinical data and blood collection

Baseline data including demographic characteristics, onset time, blood pressure, comorbidities, routine
laboratory determinations (leukocyte counts, plasma glucose levels, blood lipids, etc.) at admission were
collected from all study participants. Stroke severity was accessed using the NIH Stroke Scale (NIHSS) by
trained neurologists at admission [15]. Blood samples were drawn from each healthy control and AIS
patient before any treatment into K3EDTA tubes. All plasma samples were separated and frozen at −80°C
prior to the test.

Circulating biomarker measurements

The abnormally expressed ten cytokines in AIS patients were con�rmed in 76 healthy controls and 204
AIS patients using ProcartaPlex (Invitrogen, PPX-10). Experienced laboratory technicians who performed
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the assays were blinded to the experimental design.

Statistical analysis

Data were analyzed with SPSS 21.0 software (IBM Corp., Armonk, NY, USA) and R software (version
3.5.1). Statistical signi�cance was set at p<0.05. Continuous variables of a normal distribution are
expressed as the means ± SDs and analyzed using Student’s t test. Non-normally distributed variables are
expressed as medians with inter-quartile ranges (IQR) and analyzed using the Mann-Whitney U test.
Meanwhile, the Chi-Squared test was used to compare frequency and percentage in categorical variables.
The relationship between plasma cytokines and 3-months functional outcomes of AIS patients were
analyzed by univariate and multivariable logistic regression analysis. Crude and adjusted odds ratios
(ORs) and 95% con�dence intervals (CIs) of each biomarker were calculated.

Potential covariates in the multivariable analysis including age, admission NIHSS score, history of
diabetes mellitus, coronary heart disease and atrial �brillation, recombinant tissue-plasminogen activator
(rt-PA) treatment, leukocyte count, glucose levels, total cholesterol, low-density lipoprotein, HGF, IL-1β, IL-
16, IL-2, sIL-2R and IL-5 on admission. Receiver operating characteristic (ROC) curve was applied to
determine the values of HGF and sIL-2R to predict prognosis in AIS patients. We calculated the net
reclassi�cation index (NRI) and integrated discrimination improvement (IDI) [16] to evaluate the
reclassi�cation value through adding one or more of these in�ammatory biomarkers to the conventional
model with established risk factors.

Results
Differentially expressed plasma cytokines between AIS patients and controls

Ten cytokine/chemokine/growth factors (HGF, IL-1β, IL-2, sIL-2R, IL-5, IL-10, IL-16, MIP-3α, CD40L and
MMP1) were discovered to be differentially expressed between AIS patients (n=29) and healthy controls
(n=18) by immune monitoring 65-Plex human procartaPlex panel (Supplementary Figure 1). Further
veri�cation was conducted in 204 AIS patients and 76 healthy controls, and we found that levels of HGF,
IL-10, IL-1β, MIP-3α, IL-2, sIL-2R, and IL-5 were markedly upregulated in AIS patients (Table 1). And ROC
curves demonstrated that all of them (AUC>0.5) has the discriminatory power in the diagnosis of AIS
(Figure 1).

Comparisons of baseline characteristics and cytokine levels between AIS patients with good and poor
outcome

Baseline characteristics of the 204 AIS patients are shown in table 2, strati�ed by functional outcome
(mRS score) at 3 months. Older age, higher NIHSS scores, odds of atrial �brillation history, white blood
cell counts, glucose levels, and lower triglyceride levels and total cholesterol levels predicts unfavorable
outcomes. Notably, we observed signi�cant increases in HGF (138.64 versus 89.09, p < 0.000), IL-16
(87.03 versus 56.09, p < 0.000) and sIL-2R levels (1346.94 versus 812.92, p < 0.000), and signi�cant
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reductions in IL-1β (4.83 versus 6.34, p = 0.024) and IL-2 levels (23.15 versus 29.74, p = 0.013) in patients
with unfavorable outcomes compared with patients with favorable outcomes (Table 2, Figure 2).

Higher sIL-2R and HGF are independent predictors of unfavorable outcomes in AIS

In the univariate analysis, HGF, sIL-2R, IL-16, IL-2, and IL-1β were individually associated with unfavorable
outcomes at 3 months after AIS (p < 0.05, Table 3). After adjusting for gender, age, admission NIHSS
score, onset time, systolic BP, history of hypertension, diabetes mellitus, coronary heart disease, and other
variables in binominal multivariate analysis (model 2), only HGF and sIL-2R remained signi�cant for the
prediction of unfavorable outcome (p < 0.05 for both). The multivariable adjusted OR (95% CIs) for HGF
(each 10 pg/ml increase) was 1.121 (1.030-1.218), and sIL-2R (each 100 pg/ml increase) was 1.138
(1.028-1.259) (Table 3).

Receiver-operating characteristic curve demonstrated the greatest discriminatory accuracies for HGF
(AUC 0.786; cut-off value 117.915 pg/ml; 95% CI 0.719–0.854; sensitivity 65.8%; speci�city 83.2%) and
sIL-2R (AUC 0.768; cut-off value 971.44 pg/ml; 95% CI 0.702–0.835; sensitivity 75.3%; speci�city 67.2%).
HGF levels ≥ 117.915 pg/ml and sIL-2R ≥ 971.44 pg/ml were both associated with an increased risk of
the primary outcome at 3 months after AIS (Table 3).

Incremental predictive value of plasma sIL-2R and HGF for the prognosis of AIS

We further construct a continuous multimarker score, based on the estimates of beta coe�cients of these
2 biomarkers obtained from logistic regression model to additionally assess the effect of multiple
biomarkers (Table 4). Individually, adding each of them to the conventional model signi�cantly improved
the risk reclassi�cation for unfavorable outcomes (p<0.05 for both NRI and IDI). Furthermore,
simultaneously adding HGF and sIL-2R to the conventional model substantially improved the risk
strati�cation for primary outcome, shown by an increase in category-free NRI (NRI 32.18%, p < 0.001; IDI
10.21%, p < 0.001).

Discussion
In the present study, we investigated diagnostic and prognositic value of a panel of 10 circulating
biomarkers representing various pathophysiologic pathways in AIS patients. Individually, we observed
that elevated plasma HGF and sIL-2R were associated with increased risk of unfavorable outcomes at 3
months. More importantly, simultaneously adding HGF and sIL-2R to basic model with established risk
factors substantially improved the risk strati�cation for primary outcomes. Data con�rm an important
conclusion that sIL-2R is a new independent prognostic marker of functional outcome in Chinese patients
with AIS and adds signi�cant additional predictive information to the clinical score of the NIHSS.

To date, limited studies have investigated the global alterations, diagnostic, prognostic value of cytokines
in AIS patients [14, 16, 17], and the prognostic signi�cance of multiple novel biomarkers after ischemic
stroke is not fully understood. Previously, a prospective cohort study investigated the predictive value of
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18 blood markers in 270 patients with acute ischemic cerebrovascular events [16]. Recently, Lin and and
colleagues evaluated the prognostic potential of 35 serum cytokines, chemokines, and growth factors in
patients with acute ischemic stroke within 72 hours after stroke onset [17]. The present study is the �rst
report to demonstrate the simultaneous measurement of 65 plasma cytokines in AIS patient within 24
hours after stroke onset by multiplexing method. Ten cytokines (HGF, IL-1β, IL-2, sIL-2R, IL-5, IL-10, IL-16,
MIP-3α, CD40L and MMP1) were screened to change signi�cantly (Supplementary Fig 1) between 29 AIS
patients and 18 controls. Upon further examination in a larger sample size, we found that seven cytokines
including HGF, IL-1β, IL-2, sIL-2R, IL-5, IL-10, and MIP-3α were de�nitely upregulated in 204 AIS patients
compared to 76 healthy controls and had diagnostic value. Since HGF, IL-1β, IL-2, IL-5, and IL-10 have
been reported previously [17-19], our �ndings con�rmed and extended prior studies on the relations
between various biomarkers and diagnosis after AIS. Our �rst contribution was to identify two totally new
biomarkers sIL-2R and MIP-3α for AIS patients, which can provide references to other studies and help
target particular pathways to prevent the progression of ischemic stroke.

We further examine the predictive value of ten cytokines for the risk of poor outcomes after AIS, and
found that higher plasma levels of HGF, sIL-2R and IL-16 were associated with increased risk of
unfavorable outcomes in the univariate analyses, while higher plasma levels of IL-2 and IL-1β were
associated with decreased risk of unfavorable outcomes. However, after adjusting for potential risk
factors in binominal multivariate analysis, HGF and sIL-2R remained associated with increased risk of
unfavorable outcomes, suggesting that plasma HGF and sIL-2R may be independent predictive
biomarkers for prognosis of AIS. Interestingly, the addition of plasma HGF, sIL-2R or both to conventional
risk factors was shown to improve risk predictions for the primary outcome. Therefore, our second
contribution was to show that plasma HGF and sIL-2R might be useful in AIS risk strati�cation and could
be bene�cial for the selection of high-risk patients who should receive aggressive monitoring and
therapeutic interventions in future clinical practice.

HGF is a pleiotropic cytokine that can regulate different cellular functions in developmental and
pathological situations. According to previous experimental studies, HGF can enhance the proliferation of
neural precursor cells and increase neuronal differentiation, thus protecting against ischemic stroke [20].
The other underlying mechanisms might include promoting the migration of immune cells and secretion
of pro-in�ammatory chemokines [21] and accelerating the progression of atherosclerotic lesions [22],
thus increasing the risk of unfavorable prognosis. Clinically, HGF is a biomarker of atherosclerotic
disease [23] and positively associated with the incidence of stroke [24, 25]. Zhu et al reported that HGF
was associated with mortality but not disability at 3 months after ischemic stroke onset [18]. However,
they included patients within 48 hours of symptom onset and excluded patients treated with rt-PA [18]. By
comparison, patients’ blood in our study was collected within 24 hours before they received any
treatment. Thus, the level of HGF could re�ect more about the authentic pathological change of AIS
without the in�uence of other factors. In addition, we included patients who received rt-PA therapy for AIS
patients within 4.5 hours after symptom onset [26]. Moreover, Zhu’s study only ruled out AIS patients in
deep coma, without considering patients whose premorbid mRS ≥ 2. However, for patients with a severe
disability, they had a higher probability of having a poor prognosis, which may result in statistical bias.
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Therefore, we only included patients whose premorbid mRS ≤ 1 minimize this bias. In general, although
the inclusion criteria of AIS patients are partly different, our results are consistent with previous clinical
studies that HGF is an independent risk factor for the prognosis of AIS.

More importantly, we �rst reported that sIL-2R was independently associated with unfavorable outcomes
in AIS. It can be seen from our data that sIL-2R is a high-abundance protein in plasma. Therefore, it is
easy to detect and suitable as a molecular marker. SIL-2R, a membrane receptor for IL-2, is expressed on
the surface of activated T-cells and is shed into the circulation in a soluble form as sIL-2R. Previous
research indicated that elevated serum levels of sIL-2R were associated with a poor prognosis in
autoimmune diseases, such as multiple sclerosis and follicular lymphoma [27]. Peter et al reported that
sIL-2R was positively associated with internal carotid wall thickness, cardiovascular disease mortality,
incident cardiovascular disease and stroke [28]. In addition, sIL-2R was signi�cantly higher in ischemic
left ventricular dysfunction patients [29] and was associated with a worse prognosis for dilated
cardiomyopathy patients [30]. Similarly, we �rst found that sIL-2R was positively associated with poor
functional outcomes in AIS patients. We speculate that abnormal expression of sIL-2R is associated with
the aberrant activation of T cells and promotion of neuroin�ammation after ischemic stroke [31].
Importantly, according to our supplementary data (Tables 1 and 2), the number of neutrophils in the HGF
high expression group was higher than that in the low HGF expression group, while the number of
lymphocytes in the high sIL-2R expression group was lower than that in the low sIL-2R expression group.
And previous studies suggested that high levels of neutrophils and low levels of lymphocytes were both
associated with poor functional outcomes after AIS [32]. Since ischemic stroke is a heterogeneous
disease and different in�ammatory processes may jointly lead to adverse outcomes, it is particularly
important to incorporate multiple biomarkers covering distinct pathways to improve the risk strati�cation
in AIS patients. Above all, it is of interest to further elucidate the precise mechanisms between increased
sIL-2R levels and unfavorable prognosis of AIS.

However, there are some limitations in our study. First, our study lacked data on infarct volume in CT or
MRI scan. Patients who met the criterion of intravenous therapy should receive CT scans to exclude
cerebral hemorrhage and should be infused with thrombolysis drugs as early as possible [33]. So nearly
half of the patients in our study did not have a premorbid MRI scan. Besides, infarcts are not obvious on
early CT scans, and the severity of neurological dysfunction is not always proportional to the size of
infarct volume; hence, it was reasonable that we did not include infarct volume in our study. Second, our
study was performed mainly in Chinese individuals, and the patient sample size was somewhat small,
limiting the generalizability of the results to other ethnicities. Further studies with larger sample sizes are
needed to verify our �ndings.

Conclusions
Our �ndings have important clinical implications. We �rst comprehensively investigated in�ammatory
cytokines in AIS patients and found that higher plasma sIL-2R was a new independent predictor of
unfavorable outcomes in AIS patients. Additionally, adding plasma sIL-2R and HGF to established risk
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factors substantially improved risk strati�cation for poor outcomes in AIS patients, indicating that
plasma sIL-2R and HGF may be potential prognostic markers for AIS outcome. A combination of
biomarkers in conjunction with clinical and imaging examination will yield the greatest accuracy for
predicting poor stroke outcome.

Abbreviations
HGF, hepatocyte growth factor; sIL-2R: soluble interleukin-2 receptors; MIP-3α: macrophage in�ammatory
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Table 1. Comparison of cytokines levels between acute ischemic stroke and control
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Characteristic Control (n=76) AIS (n=204) p value
Age, yr; mean ± SD 62.63±11.38 64.16±13.27 0.168
Male, n (%) 51 (67.11) 150 (73.53) 0.288
Inflammatory cytokines, median (IQR), pg/ml
HGF 70.94 (57.76-104.25) 101.11 (77.01-132.21) 0.000
IL-10 2.24 (1.44-3.04) 3.07 (1.89-4.75) 0.000
IL-1β 4.35 (2.53-6.14) 5.78 (3.49-9.61) 0.001
MIP-3α 13.09 (9.49-17.29) 15.67 (11.38-20.81) 0.002
IL-2 21.20 (12.94-32.77) 28.08 (17.28-41.02) 0.002
IL-2R 812.80 (612.91-1170.57) 947.70 (689.61-1382.07) 0.033
IL-5 53.72 (30.47-81.11) 63.18 (37.27-103.52) 0.015
IL-16 58.63 (40.76-82.24) 67.50 (47.22-108.95) 0.129
MMP-1 5.23 (4.24-7.10) 5.67 (4.46-7.21) 0.270
CD40L 8.10 (5.68-15.15) 7.99 (5.37-13.40) 0.293

HGF, hepatocyte growth factor; IL-10, interleukin-10; IL-1beta, interleukin 1beta; MIP-3alpha,
macrophage inflammatory protein 3alpha; IL-2, interleukin-2; IL-2R, interleukin-2 receptor; IL-5,
interleukin-5; IL-16, interleukin-16; MMP1, matrix metalloproteinase-1; CD40L, TNF associated
activation protein.

 

Table 2. Baseline characteristics of AIS patients with favorable or unfavorable outcomes
Baseline characteristics All (204) Favorable outcome (131) Unfavorable outcome (73) p value

Age, y 64.16±13.27 61.85±12.28 68.29±14.06 0.001
Male, n (%) 150 (73.53) 99 (77.57) 51 (69.86) 0.376
Time from onset, h 3.00 (1.50-5.10) 2.90 (1.30-4.50) 3.20 (1.80-6.60) 0.098
Baseline systolic BP, mmHg 150 (140-170) 152 (140-170) 148 (139-169) 0.306
Baseline diastolic BP, mmHg 87.5 (78.0-93.0) 85.0 (78.0-94.0) 90.0 (79.0-92.0) 0.816
Baseline NIHSS 5.0 (3.0-11.0) 4.0 (2.0-6.0) 13.0 (8.5-17.0) 0.000
Rt-PA administration, n (%) 92 (45.10) 68 (51.91) 24 (32.88) 0.009
Risk factors, n (%)
Hypertension 134 (65.69) 83 (63.36) 51 (69.86) 0.348
Diabetes mellitus 83 (40.69) 47 (35.88) 36 (49.32) 0.061
Coronary heart disease 46 (22.55) 24 (18.32) 22 (30.14) 0.053
Atrial fibrillation 32 (15.69) 11 (8.40) 21 (28.77) 0.000
Stroke etiology, n (%)
Thrombotic 150 (73.53) 95 (72.52) 55 (75.34) -
Embolic 15 (7.35) 10 (7.63) 5 (6.85) -
Lacunar 39 (19.18) 26 (19.85) 13 (17.81) -
Clinical parameters, median (IQR)
White blood cells, ×10 /L 7.42 (6.18-8.83) 7.18 (5.95-8.47) 8.23 (6.80-9.41) 0.004
Neutrophils, ×10 /L 5.07 (3.96-6.45) 4.58 (3.72-5.77) 6.07 (4.30-7.69) 0.000
Lymphocytes, ×10 /L 1.60 (1.16-2.18) 1.80 (1.31-2.24) 1.31 (0.83-1.91) 0.000
Neutrophils to lymphocytes ratio 2.89 (2.01-5.18) 2.55 (1.78-4.06) 4.53 (2.35-8.92) 0.000
Baseline glucose, mmol/L 6.72 (5.71-8.96) 6.32 (5.57-8.03) 8.30 (6.39-10.97) 0.000
Triglyceride, mmol/L 1.47 (0.95-2.48) 1.69 (1.04-2.69) 1.26 (0.77-1.78) 0.006
Total cholesterol, mmol/L 4.54 (3.82-5.44) 4.73 (3.94-5.59) 4.27 (3.60-5.11) 0.012
High-density lipoprotein, mmol/L 1.18 (1.00-1.39) 1.17 (0.97-1.39) 1.23 (1.05-1.39) 0.413
Low-density lipoprotein, mmol/L 2.72 (2.04-3.42) 2.79 (2.05-3.62) 2.50 (1.99-3.14) 0.095
Biomarkers (pg/ml), median (IQR)
HGF 101.11 (77.01-132.21) 89.09 (67.61-108.22) 138.64 (99.82-200.48) 0.000
IL-2R 947.70 (689.61-1382.07) 812.92 (630.21-1158.13) 1346.94 (959.59-1777.25) 0.000
IL-16 67.50 (47.22-108.95) 56.09 (43.96-85.28) 87.03 (61.63-146.47) 0.000
IL-2 28.08 (17.28-41.02) 29.74 (18.77-46.44) 23.15 (15.49-36.41) 0.013
IL-1β 5.78 (3.49-9.61) 6.34 (3.70-10.95) 4.83 (3.03-8.70) 0.024
IL-5 63.18 (37.27-103.52) 65.79 (44.57-110.26) 57.92 (33.86-96.16) 0.116
CD40L 7.99 (5.37-13.40) 7.61 (4.90-12.37) 9.07 (5.59-14.21) 0.127
MIP-3α 15.67 (11.38-20.81) 15.67 (11.38-21.19) 15.77 (10.48-20.38) 0.615
IL-10 3.07 (1.89-4.75) 3.07 (1.89-4.79) 3.32 (1.89-4.70) 0.887
MMP-1 5.67 (4.46-7.21) 5.63 (4.46-7.17) 5.83 (4.34-7.51) 0.732
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BP: Blood pressure; NIHSS: NIH Stroke Scale; Rt-PA: recombinant tissue-plasminogen activator;
IQR: interquartile range.

 

Table 3. Biomarkers and risk of the primary outcome after AIS
 
Biomarkers (as continuous variables)

Model 1 Model 2
OR (95% CI) p value OR (95% CI) p value

HGF, 10 pg/ml per increase 1.222 (1.135-1.315) 0.000 1.121 (1.030-1.218) 0.008
sIL-2R, 100 pg/ml per increase 1.236 (1.144-1.336) 0.000 1.138 (1.028-1.259) 0.012
IL-16, 10 pg/ml per increase 1.109 (1.054-1.167) 0.000 - -
IL-2, 1 pg/ml per increase 0.975 (0.956-0.993) 0.008 - -
IL-1β, 1 pg/ml per increase 0.924 (0.868-0.984) 0.014 - -
IL-5, 10 pg/ml per increase 0.942 (0.881-1.007) 0.081 - -
CD40L, 1 pg/ml per increase 1.004 (0.998-1.010) 0.208 - -
MMP-1 1.028 (0.948-1.116) 0.501 - -
MIP-3α, 1 pg/ml per increase 0.992 (0.955-1.030) 0.661 - -
IL-10, 1 pg/ml per increase 0.999 (0.914-1.092) 0.982 - -
Biomarkers (as categorical variables)
HGF, ≥117.915 pg/ml 9.513 (4.887-18.516) 0.000 6.178 (2.452-15.562) 0.000
sIL-2R, ≥971.44 pg/ml 6.253 (3.280-11.921) 0.000 3.401 (1.366-8.466) 0.009

Model 1 was an unadjusted logistic regression model. Model 2 was adjusted for gender, age, admission NIHSS
score, onset time, systolic BP, history of hypertension, diabetes mellitus, coronary heart disease, and atrial
fibrillation, rt-PA treatment, white blood cell counts, glucose levels, triglyceride levels, total cholesterol levels,
high-density lipoprotein levels and low-density lipoprotein levels.

 

 

Table 4. Reclassification of the primary outcome by plasma cytokines among AIS patients
 
Models

Continuous NRI IDI
Estimate (95% CI), % p value Estimate (95% CI), % p value

Conventional model Reference - Reference -
Conventional model + HGF 28.67(17.65-40.58) < 0.001 7.65 (3.05-12.26) 0.001
Conventional model + sIL-2R 24.70 (11.28-37.78) < 0.001 7.43 (2.88-11.97) 0.001
Conventional model + HGF + sIL-2R 30.96 (17.22-45.14) < 0.001 10.71 (5.49-15.93) < 0.001

Abbreviations: CI = confidence interval; IDI = integrated discrimination index; NRI = net reclassification
improvement. The conventional model included gender, age, admission NIHSS score, onset time, systolic BP,
history of hypertension, diabetes mellitus, coronary heart disease, and atrial fibrillation, rt-PA treatment,
baseline white blood cell counts, glucose levels, triglyceride levels, total cholesterol levels, high-density
lipoprotein levels and low-density lipoprotein levels.

Figures
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Figure 1

Forest plot showing the discrimination capacities of these in�ammatory cytokines in dividing AIS
patients from healthy controls.

Figure 2

Comparison of in�ammatory cytokines in favorable (mRS=0-2) and unfavorable outcomes (mRS=3-6).
N=131 in the favorable outcome group, n=73 in the unfavorable outcome group. ****p < 0.0001, *p < 0.05.
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