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Background and Purpose: Systemic immune-inflammation index (SII), a novel inflam-
mation index derived from counts of circulating platelets, neutrophils and lymphocytes, has 
been studied in developing incident cancer. However, the clinical value of SII in acute 
ischemic stroke (AIS) patients had not been further investigated. Therefore, we aimed to 
explore the association between SII and severity of stroke as well as 3-month outcome of 
AIS patients.
Methods: A total of 216 AIS patients receiving intravenous thrombolysis (IVT) and 875 
healthy controls (HCs) were retrospectively recruited. Blood samples were collected within 
24h after admission. Severity of stroke was assessed by the National Institute of Health 
stroke scale (NIHSS) scores on admission and poor 3-month functional outcome was defined 
as Modified Rankin Scale (mRS) > 2.
Results: SII levels in AIS patients were higher than in HCs. The cut-off value of SII is 
545.14×109/L. Patients with SII > 545.14×109/L had higher NIHSS scores (median: 5 vs 9, 
p < 0.001), a positive correlation between SII and NIHSS was observed (rs = 0.305, p < 
0.001). Multivariate logistic regression analyses showed that high SII was one of the 
independent risk factors for poor prognosis at 3 months of AIS patients (OR = 3.953, 95% 
CI = 1.702–9.179, p = 0.001). The addition of SII to the conventional prognostic model 
improved the reclassification (but not discrimination) of the functional outcome (net reclas-
sification index 39.3%, p = 0.007).
Conclusion: SII is correlated with stroke severity at admission and can be a novel prog-
nostic biomarker for AIS patients treated with IVT.
Keywords: systemic immune-inflammation index, ischemic stroke, inflammation, prognosis

Introduction
Stroke has a high morbidity and mortality worldwide and is the leading cause of 
death and disability in China.1 Among all incident strokes, ischemic stroke accounts 
for about 70%.2 Though intravenous alteplase can improve functional outcome 
when administered within 4.5 hours after stroke onset and is considered as a first- 
line agent in acute ischemic stroke (AIS) patients,3 nearly half of patients tend to 
have poor function outcomes after the therapy of intravenous thrombolysis (IVT). 
Thus, it is still of vital importance to establish accurate prognostic models of the 
functional outcome in patients after ischemic stroke.4
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Inflammation has been demonstrated to play an important 
role in the pathogenesis of stroke.5 Ischemic milieu causes 
local immune responses and produces inflammatory cytokines, 
which increases the permeability of blood-brain barrier (BBB). 
It should be noticed that IVT with alteplase might alter leuco-
cyte function or migration and promote neutrophil degranula-
tion, inducing the disruption of BBB.6,7 The necrosis of 
vascular endothelial cells drives leukocyte entry into the infarct 
site, later molecules on the leukocyte surface and endogenous 
alarming molecules contribute to the infiltration of neutrophils, 
macrophages and other leukocytes, resulting in acute inflam-
matory response.8,9 Meanwhile, after the disruption of BBB, 
microglia is activated by necrotic neurons and releases inflam-
matory mediators, which jointly accelerates the inflammatory 
cascades and eventually leads to serious brain lesions and 
neurological deficits.7

Systemic immune-inflammation index (SII), a relatively 
novel inflammatory index combining peripheral lymphocytes, 
neutrophils, and platelet counts, has been studied as a marker 
for developing incident cancer.10 It was also evaluated as 
a predictor of survival in patients with diseases like gastric 

cancer,11 osteosarcoma,12 colorectal cancer.13 Several studies 
have studied SII in patients with stroke. In our single-center 
retrospective cohort study, we aimed to systematically explore 
the association between SII with the severity of ischemic stroke 
and its prognostic value in AIS patients treated with r-tPA IVT.

Materials and Methods
Study Population
This retrospective study consecutively included 365 AIS 
patients who were treated with IVT at the Third Affiliated 
Hospital of Wenzhou Medical University from 
February 2016 to April 2019. 875 healthy controls (HCs) 
that were free of any disease as shown by physical exam-
ination were also recruited.

Exclusion criteria for AIS patients were as follows: (1) 
patients treated with bridging therapy; (2) with cancer; (3) 
with infection; (4) with severe hepatic or renal dysfunc-
tion; (5) with autoimmune diseases; (6) with missing base-
line data and follow-up data. Overall, 216 patients were 
included in our study. Figure 1 presents the selection of 
patients in a flow chart.

Figure 1 Flow chart for patients’ selection.
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This study was approved by the Ethics Committee of 
the Third Affiliated Hospital of Wenzhou Medical 
University (YJ2020034) and was carried out in accordance 
with the Declaration of Helsinki. Because this study was 
retrospectively designed, the ethics committee granted 
a waiver of the requirement for informed consent for 
analyzing existing data in accordance with the national 
legislation and the institutional requirements. For the pur-
pose of privacy protection, personal identification informa-
tion of enrolled participants was anonymized and replaced 
with a coding system in this study.

Data Collection
Demographic and baseline data of patients with age, sex, 
smoking, hypertension, diabetes, hyperlipidemia, atrial 
fibrillation (AF), coronary artery disease (CAD), and 
prior stroke were obtained from medical records. The 
severity of ischemic stroke was assessed by the National 
Institutes of Health Stroke Scale (NIHSS) scores on 
admission and stroke subtypes were evaluated by experi-
enced clinicians. Severe stroke was defined as NIHSS > 
10.14

Blood samples were collected within the first 24 
hours. The platelets, neutrophils and lymphocytes were 
counted using XT-1800i (Sysmex, Kobe, Japan). SII was 
calculated as platelet × neutrophil/lymphocyte. 3-month 
modified Rankin scale (mRS) was collected by two 
trained physicians through phone interview and the 
favorable prognosis was defined as mRS ≤ 2.15 As for 
HCs, information was obtained from their examination 
reports.

Statistical Analysis
Kolmogorov–Smirnov test was used to check the distribu-
tion normality. We used mean ± standard deviation (SD) to 
describe continuous variables with normal distribution 
while median (interquartile range [IQR]) to describe con-
tinuous variables with non-normal distribution. One-way 
analysis of variance and Mann–Whitney U-test were car-
ried out to analyze the intergroup difference of continuous 
variables. Categorical variables were described as percen-
tage numbers and analyzed by χ2 test. The relationship 
between SII and NIHSS scores was evaluated using the 
Spearman correlation test. To balance the difference in the 
baseline data between the patients and HCs, propensity 
score matching (PSM) with a match tolerance set at 0.1 
was carried out. Age, sex, hypertension, diabetes and 

hyperlipidemia were matched in the comparison of HCs 
and AIS patients.

Univariate logistic regression was first performed to 
find out potential predictors and variables with p < 0.1 
were considered as confounding factors. Multivariate 
logistic regression analysis included these variables to 
distinguish whether SII was an independent predictor of 
poor outcome at 3 months. The area under the receiver 
operating characteristic curve (ROC) was used to calcu-
late the cut-off value. C-statistic, the continuous net 
reclassification index (NRI) and integrated discrimina-
tion improvement (IDI) were calculated to compare the 
predictive ability of 2 models. One is a conventional 
model including stroke severity by NIHSS scores and 
age, which were considered as crucial predictors of out-
come while the other included SII in addition.16,17 All 
these analyses were processed using SPSS Statistics 
25.0 software (IBM Analytics) and R (version 4.0.3). 
A value of p < 0.05 was considered to be statistically 
significant.

Results
Baseline Clinical Characteristics of the 
Study Subjects
Our study had enrolled 216 AIS patients and 875 HCs. 
The baseline characteristics are displayed in Table 1. 
Before PSM, there were significant differences in age, 
neutrophil, lymphocyte, platelet, history of hypertension, 
diabetes and hyperlipidemia between AIS patients and 
HCs. The average level of SII in AIS patients was 
significantly higher (p < 0.001) than HCs’. In addition, 
after matching of age, sex, hypertension, diabetes and 
hyperlipidemia, the SII levels in AIS patients were still 
higher than those in HCs (p < 0.001).

Associations Between SII Level and the 
Clinical Status of Ischemic Stroke Patients
According to the analysis of ROC, the SII cut-off value 
that best-distinguished 3-month poor outcome was 
545.14×109/L with a sensitivity of 82.8% and 
a specificity of 50.7%. The area under curve (AUC) 
was 0.678 (95% CI = 0.612–0.740, p < 0.001) 
(Figure 2). In order to gain a further understanding of 
the associations between SII and the clinical status of 
ischemic stroke patients, 216 AIS patients were divided 
into two groups based on ROC cut-off values of SII (SII 
> 545.14×109/L, n = 87; SII ≤ 545.14×109/L, n = 129). 
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The median value of SII in the two groups was, respec-
tively, 884.58 and 357.78. In the high SII group, base-
line NIHSS score and neutrophil counts were 
significantly higher, while lymphocyte, platelet counts 
and the percentage of favorable functional outcome at 
90 days were significantly lower than the low SII group 
(Table 2). Spearman correlation analysis showed that SII 
was positively correlated with baseline NIHSS score (rs 
= 0.305, p < 0.001). Since the correlation was weak, 
both linear and non-linear regression are conducted in 
Figure 3A. Besides, patients with baseline NIHSS score 
≤ 10 had a significant reduction in the SII level com-
pared with those with NIHSS > 10 (p = 0.001, 631.26 ± 
333.45 vs 810.57 ± 349.06) (Figure 3B).

High SII Predicting Poor 3-Month 
Outcome in Ischemic Stroke Patients
As shown in the univariate regression analyses, age, 
current smoking, AF, prior stroke, baseline NIHSS, and 
high SII were significantly associated with the poor 
outcome at three months. To figure out whether high 
SII was an independent prognostic indicator for poor 
outcome at three months, multivariate logistic regression 
was then performed. In model 1, after adjusting for 
potential confounders mentioned above, high SII 
remained independently associated with poor 3-month 
function outcome (OR = 3.925, 95% CI = 1.694–9.096, 
p = 0.001) (Table 3). Hypertension and diabetes are two 

widely accepted independent risk factors for the prog-
nosis of AIS, but in our study, the p values of hyperten-
sion and diabetes were higher than 0.1 in the univariate 
regression analyses (p = 0.115, p = 0.893). Considering 
the impacts the two factors may cast on the result, we 
further included them into model 1, establishing model 
2. The results of model 2 revealed that the further 
adjustment slightly strengthened the association between 
SII and the functional outcome in relative (OR = 3.953, 
95% CI = 1.702–9.179, p = 0.001). Meanwhile, Figure 4 
shows that patients with high SII had an increased 
3-month poor outcome (41.09% vs 12.64%, p < 
0.001). Furthermore, we assessed whether adding SII 
to a conventional model could improve the predictive 
ability of 3-month outcome. In terms of discrimination, 
C-statistic is considered to be more important than NRI. 
Significant improvements in discriminatory ability in 
NRI (continuous NRI = 39.3%, p = 0.007) and IDI 
(3.70%, p = 0.008) can be observed (Table 4).

Discussion
Although several researches have studied SII in AIS, no 
comprehensive studies were reported to the best of our 
knowledge. In this study, we found that AIS patients 
tended to have higher SII compared with the HCs. 
Higher SII was correlated with severe stroke. 
Multivariate logistic regression analysis demonstrated 
that SII level was an independent predictor of poor out-
come at 3 months. We are going to elucidate leading 
scholar’s research results and possible explanations for 
our results in the following text.

It is already known that inflammation is implicated 
in the pathogenesis of stroke.18 Various inflammatory- 
based scores, such as neutrophil–lymphocyte ratio 
(NLR), platelet-to-neutrophil ratio (PNR) and platelet- 
to-lymphocyte ratio (PLR) have been proved to be cor-
related with ischemic stroke. The cohort study and 
meta-analysis of Wang et al revealed that NLR was 
positively associated with the risk of Hemorrhagic 
Transformation and 3-month death after AIS.19 

Elevated PLR was reported to predict the development 
of depression after stroke.20 Chen et al have found in 
their research that lower PNR level was associated with 
poor 3 months outcomes and suggested that PNR level 
might be an autocephaly protective predictor of 90-days 
outcome in AIS patients.21 SII, combining platelet 
counts and leukocytes subpopulations, represented the 
systemic immune-inflammation status and was proved 

Figure 2 Receiver operator characteristic curves for the prediction of 3-month 
poor outcome using systemic immune-inflammation index (SII).
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in many studies to be related to major adverse events.22 

In the following sections, we are going to discuss the 
influence platelets, neutrophils and lymphocytes have on 
stroke and the interaction mechanism of them.

Neutrophils are associated with stroke severity and 
function outcome in AIS patients as evidenced by pre-
vious studies. They are among the first innate immune 
cells to respond to brain ischemia and have a deleterious 

effect on AIS.23 Infiltrating neutrophils can release 
a number of pro-inflammatory mediators, such as matrix 
metalloproteinases (MMPs), thus aggravating brain 
inflammation.24 Besides, based on previous studies, the 
damage of neutrophil homeostasis was associated with 
stroke severity by affecting systemic inflammation and 
the BBB.25 Lymphocytes were found in studies on ani-
mals to be able to coordinate inflammatory responses.26 

Table 3 Univariate and Multivariate Logistic Regression Analysis for 3-month Poor Outcome

Variables Univariate Analysis Model 1* Model 2†

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

Characteristics

Age (years) 1.061 (1.031–1.092) < 0.001 1.042 (1.007–1.078) 0.019 1.037 (1.001–1.075) 0.045
Sex (male, n%) 0.805 (0.442–1.466) 0.479

Current smoking 0.173 (0.065–0.458) < 0.001 0.396 (0.135–1.163) 0.092 0.387 (0.131–1.141) 0.085

Hypertension 1.644 (0.885–3.051) 0.115 2.064 (0.922–4.623) 0.078
Diabetes 1.050 (0.517–2.134) 0.893 1.304 (0.539–3.155) 0.556

Hyperlipidemia 1.962 (0.869–4.426) 0.105

AF 2.104 (1.107–3.999) 0.023 1.635 (0.719–3.719) 0.241 1.777 (0.764–4.135) 0.182
CAD 1.960 (0.509–7.550) 0.328

Prior stroke 3.736 (1.425−9.792) 0.007 1.604 (0.483–5.332) 0.440 1.291 (0.379–4.392) 0.683

Baseline NIHSS score 1.214 (1.137–1.295) < 0.001 1.154 (1.079–1.235) < 0.001 1.170 (1.091–1.255) < 0.001

Stroke subtype

LAA 0.906 (0.499–1.645) 0.745
SAO NA

CE 2.535 (1.386–4.637) 0.003

Others 0.975 (0.384–2.479) 0.958
High SII 4.818 (2.338–9.929) < 0.001 3.925 (1.694–9.096) 0.001 3.953 (1.702–9.179) 0.001

Notes: *Model 1: adjusted for age, current smoking, AF, prior stroke and baseline NIHSS score. †Model 2: Model 1 + hypertension and diabetes. 
Abbreviations: SII, systemic immune-inflammation index; NIHSS, national institute of health stroke scale; AF, atrial fibrillation; CAD, coronary artery disease; LAA, large 
artery atherosclerosis; SAO, small artery occlusion; CE, cardio-embolism.

Figure 3 The association between SII and NIHSS. (A) A positive correlation of SII with NIHSS scores (rs = 0.305, p < 0.001). The red solid straight line was produced by 
linear regression while the black dotted line represented curve fitting by third order polynomial (cubic). (B) Patients with NIHSS > 10 (n = 60) had a significant increase in SII 
compared to those with NIHSS ≤ 10 (n = 156) (p = 0.001). 
Abbreviations: SII, systemic immune-inflammation index; NIHSS, National Institute of Health stroke scale.
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However, the number of different T cells is so huge that 
the role of lymphocytes in AIS becomes quite 
complicated.27 T lymphocytes have been discovered to 
play either a beneficial or harmful role in AIS. For 
example, natural killer (NK) cells exacerbate the brain 
injury by catalyzing neuronal death.28 Recent studies 
suggest that subtypes of T cells like γδ T cells that 
independent of antigen activation also play deleterious 
roles in stroke by producing pro-inflammatory cytokines 
like IL-17, while Treg cells seem to be beneficial 
through the release of anti-inflammatory cytokines like 
IL-10.29 As for platelet, when AIS occurs, the excessive 
activation and aggregation of it may result in thrombosis 
and vessel occlusion.30

Leukocytes and platelets accumulate at regions of cer-
ebral hemorrhage and their interaction connects the throm-
botic and inflammatory responses.31 Studies have already 
shown that these interactions are mediated by platelet 
P-selectin and GPIb-a binding neutrophil P-selectin glyco-
protein-1 and MAC-1 (CD11b/CD18).32 A recent experi-
ment on mice proved that necrotic platelets will interact 
with neutrophils, thus exacerbating brain injury during 
ischemic stroke by controlling cyclophilin D, a mediator 
of necrosis.32 Apart from that, due to the activation of the 
hypothalamic-pituitary-adrenal axis caused by stress from 
the excessive activation and accumulation of platelets, 

lymphocyte concentration may be relatively reduced.33 

There are also studies revealing that neutrophils can trig-
ger lymphocyte apoptosis by release inflammatory 
cytokines.34 The inflammatory response in AIS is 
complex.

In conclusion, SII is a relatively integrated index and 
the mechanisms mentioned above might be potential ther-
apeutic targets. Our study proved that SII is correlated 
with stroke severity as well as an independent prognostic 
indicator for poor outcome at 3 months. In addition, add-
ing SII to the conventional prognostic model could 
improve the risk reclassification of the functional outcome. 
Furthermore, SII can be easily obtained and calculated 
from blood routine examinations. Therefore, we believe 
that SII may be a potential prognostic assessment tool in 
the clinical practice.

The limitations of present study are listed as follows: 
First, our study is a single-center study with a relatively 
small sample size, which may cause selection bias and 
inaccuracy to some degree. Secondly, we have only inves-
tigated into SII values on admission, while the dynamic 
variability over time should also be assessed and studied. 
Thirdly, we tried to reduce the impact of confounding 
factors on outcomes, but confounding factors still could 
not be completely ruled out in the multiple logistic regres-
sion analysis. Finally, further study is needed to testify the 

Figure 4 mRS distribution at 3 months for high SII group vs low SII group. mRS, modified Rankin Scale; SII, systemic immune-inflammation index.

Table 4 Reclassification and Discrimination Statistics for Poor Functional Outcomes by SII at 3 Months

C-Statistics Continuous NRI, % IDI, %

Estimate (95% CI) p value Estimate (95% CI) p value Estimate (95% CI) p value

Conventional model 0.814 (0.755–0.863) Reference Reference

Conventional model + SII 0.825 (0.768–0.874) 0.487 39.3 (10.6–68.0) 0.007 3.70 (0.98–6.42) 0.008

Note: The conventional model contained stroke severity by baseline NIHSS score and age. 
Abbreviations: SII, systemic immune-inflammation index; SII, net reclassification improvement; IDI, integrated discrimination improvement; NIHSS, national institute of 
health stroke scale.
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relationship between SII and long-term prognosis for AIS 
patients.

Conclusion
The SII level was found higher in AIS patients than HCs. 
Our study had revealed its correlation with the severity of 
ischemic stroke at admission. We also demonstrated that 
SII, a relatively more comprehensive inflammatory index, 
could be a potential prognostic indicator for AIS patients 
undergoing IVT.
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