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Association of the systemic
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(SII) and clinical outcomes in
patients with stroke: A
systematic review and
meta-analysis
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1Department of Neurosurgery, Mianyang Central Hospital, School of Medicine, University of
Electronic Science and Technology of China, Mianyang, Sichuan, China, 2Department of
Immunology, Mianyang Central Hospital, School of Medicine, University of Electronic Science and
Technology of China, Mianyang, Sichuan, China
Introduction: A novel systemic immune-inflammation index (SII) has been

proven to be associated with outcomes in patients with cancer. Although some

studies have shown that the SII is a potential and valuable tool to diagnose and

predict the advise outcomes in stroke patients. Nevertheless, the findings are

controversial, and their association with clinical outcomes is unclear.

Consequently, we conducted a comprehensive review and meta-analysis to

explore the relationship between SII and clinical outcomes in stroke patients.

Methods: A search of five English databases (PubMed, Embase, Cochrane Library,

Scopus, and Web of Science) and four Chinese databases (CNKI, VIP, WanFang,

and CBM) was conducted. Our study strictly complied with the PRISMA (the

Preferred Reporting Items for Systematic Reviews and Meta-Analyses). We used

the NOS (Newcastle-Ottawa Scale) tool to assess the possible bias of included

studies. The endpoints included poor outcome (themodified Rankin Scale [mRS] ≥

3 points or > 3 points), mortality, the severity of stroke (according to assessment by

the National Institute of Health stroke scale [NIHSS] ≥ 5 points), hemorrhagic

transformation (HT) were statistically analyzed.

Results: Nineteen retrospective studies met the eligibility criteria, and a total of

18609 stroke patients were included. Our study showed that high SII is

significantly associated with poor outcomes (odds ratio [OR] 1.06, 95%

confidence interval [CI] 1.02-1.09, P = 0.001, I2 = 93%), high mortality (OR

2.16, 95% CI 1.75-2.67, P < 0.00001, I2 = 49%), and the incidence of HT (OR

2.09, 95% CI 1.61-2.71, P < 0.00001, I2 = 42%). We also investigated the

difference in SII levels in poor/good outcomes, death/survival, and minor/

moderate-severe stroke groups. Our analysis demonstrated that the SII level of

the poor outcome, death, andmoderate-severe stroke group was much higher

than that of the good outcome, survival, and minor stroke group, respectively

(standard mean difference [SMD] 1.11, 95% CI 0.61-1.61, P < 0.00001 [poor/
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good outcome]; MD 498.22, 95% CI 333.18-663.25, P < 0.00001 [death/

survival]; SMD 1.35, 95% CI 0.48-2.23, P = 0.002 [severity of stroke]). SII, on

the other hand, had no significant impact on recanalization (OR 1.50, 95% CI

0.86-2.62, P = 0.16).

Discussion: To the best of our knowledge, this may be the first meta-analysis to

look at the link between SII and clinical outcomes in stroke patients. The

inflammatory response after a stroke is useful for immunoregulatory treatment.

Stroke patients with high SII should be closely monitored, since this might be a

viable treatment strategy for limiting brain damage after a stroke. As a result,

research into SII and the clinical outcomes of stroke patients is crucial. Our

preliminary findings may represent the clinical condition and aid clinical

decision-makers. Nonetheless, further research is needed to better

understand the utility of SII through dynamic monitoring. To generate more

robust results, large-sample and multi-center research are required.

Systematic review registration: https://www.crd.york.ac.uk/prospero/,

identifier CRD42022371996.
KEYWORDS

systemic immune-inflammation index, stroke, SII, clinical outcome, meta-analysis
Introduction

Cerebrovascular disease is the second majority cause of

death and disability worldwide. Stroke, including ischemic and

hemorrhagic, is the leading component of it. More than 2.4

million newly diagnosed strokes occur in China yearly, and the

mortality rate has risen to 22.3% (1, 2). Of these patients, 87%

are ischemic stroke (3). Therefore, assessing stroke patients’ risk

and severity early and identifying risk factors that can be

addressed through intervention can improve the dismal

outcomes for stroke patients (4).

In recent two years, Scholars progressively recognize the

secondary injury of the brain’s inflammatory response after

stroke. A study by Kim et al. (5) has shown that inhibiting

inflammatory cells could alleviate brain injury. Therefore,

inflammatory factor-related immunotherapy may become a

potential treatment to improve the outcomes of stroke

patients (6).

Systemic immune inflammatory index (SII) has been used as

a prognostic marker for some diseases. A meta-analysis by

Zhang et al. has shown that elevated pretreatment SII was

significantly associated with worse overall survival and

recurrence-free survival/progression-free survival in with

biliary tract cancers (7). SII based on platelets×neutrophils/

lymphocytes (P × N/L) was reported to accurately predict

outcomes in patients with venous sinus thrombosis (8). Two

studies have shown that SII is related to the severity of stroke at
02
admission (9, 10), but this index has no wide application to

predict functional outcomes in stroke patients. Although some

studies have shown that the SII is a potential and valuable tool to

diagnose and predict the advise outcomes in stroke patients.

Nevertheless, the findings are controversial, and their association

with clinical outcomes is unclear. Consequently, we conducted a

comprehensive review and meta-analysis to explore the

relat ionship between SII and cl inical outcomes in

stroke patients.
Methods

Aims and PICO statement

Our study strictly complied with the PRISMA (the Preferred

Reporting Items for Systematic Reviews and Meta-Analyses)

statement. We registered our study at PROSPERO with the

identifier CRD42022371996 (https://www.crd.york.ac.uk/

PROSPERO/) (11). The PRISMA checklist is presented in

Supplemental Table 1. These were the PICO statements: 1)

Population: patients who have had an ischemic or

hemorrhagic stroke (also known as an ICH). 2) Intervention:

mechanical thrombectomy, intravenous thrombolysis, or none

of the above. 3) Comparisons: relative low SII vs. relative high

SII, and the grouping definition is the same as our previous study

(12). 4) Outcomes: the mRS ≥ 3 points or > 3 points at follow-up
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was defined as poor outcome, and we categorized stroke severity

as NIHSS≥ 5 points. In AIS patients, symptomatic intracerebral

hemorrhage was considered hemorrhagic transformation (HT).

Besides, mortality and the SII level of the poor/good outcome

and death/survival groups were also extracted.
Literature search strategy

In order to decrease the selectivity bias, a search of five English

databases (PubMed, Embase, Cochrane Library, Scopus, and Web

of Science) and four Chinese databases (CNKI, VIP, WanFang, and

CBM) was conducted. Two reviewers (Huang YW and Yin XS)

systematically screened the databases for the relevant studies

published from databases inception to the end of November

2022. The following search strategy was applied: (“systemic

immune-inflammation index” OR “SII”) AND (“stroke”) for

English databases, and “(主题=全身炎症免疫指数) AND (主题=卒

中)” for Chinese databases. The detailed search strategy is presented

in Supplemental Table 2. We also comprehensively searched the

main clinical registry centers such as ClinicalTrials.gov, WHO-

ICTRP, and ChiCTR for unpublished works and gray literature in

Greynet, OpenSIGLE, and HMIC databases. The purpose is to

decrease the publication bias as far as possible.
Inclusion and exclusion criteria

After the inclusion and exclusion criteria, all potential

studies were appraised independently by two reviewers (Huang

YW and Yin XS). The reviewers assessed studies that met all the

following criteria: 1) types of publication: articles published

publicly without language restriction. 2) types of participants:

stroke patients with complete data. 3) types of comparison:

relative low SII vs. relative high SII. 4) types of outcome measure:

poor outcome, the severity of the stroke, mortality, HT, and the

SII level of poor/good outcome group, death/survival group.

Case reports, reviews, notes, meta-analyses, editorials, letters to

the editor, commentaries, and conference abstracts

were excluded.
Data extraction

Two reviewers extracted data independently and used the

same tables of data extraction. The extracted data were as

follows: 1) essential characteristics: first author name,

publication year, nation, study design, and participant count

(n); 2) participant characteristics: age(y) (Mean ± SD), male (%),

type of stroke, medical history, medication history, time of blood

sample, laboratory test method, type of intervention, cutoff of

SII, primary endpoints, and clinical follow-up (d); 3)

information on interesting results, etc.
Frontiers in Immunology 03
Risk of bias assessment

To evaluate the possible bias of the included research, we

used the NOS (Newcastle-Ottawa Scale) method (13). The three

aspects of the method based on NOS were described in

Supplemental Table 3 and Table 1, together with the specifics

and outcomes for each. Studies were scored on a scale of one to

nine, with over six scores being regarded to be of excellent

quality. The evaluation was carried out separately by three

reviewers (Huang YW, Yin XS, and Li ZP). Any disagreement

was settled, if necessary, in a group investigation discussion.
Statistical analysis

For dichotomous variables, odds ratios (ORs) and their

corresponding 95% confidence interval (CIs) were calculated.

Mean difference (MD) and their corresponding 95% CIs were

calculated for continuous variables. If the values of some

continuous variable varied greatly, we utilized standard mean

difference (SMD) to perform the meta-analysis. Besides, we

extracted the ORs adjusted by confounding factors and their

corresponding 95% CIs in some studies. The confounding

factors of each study were provided in Supplemental Table 4.

We estimated the mean and standard deviation (SD) by the

sample size, median, and interquartile range. The optional

estimating methods were from Luo et al. (31) and Wan et al.

(32). The website is https://www.math.hkbu.edu.hk/~tongt/

papers/median2mean.html. To account for cl inical

heterogeneity, we conducted meta-analyses and subgroup

analyses using the random-effects or fixed-effects model (33).

The Cochrane Q test was used to evaluate the heterogeneity (P <

0.1 or I2 > 50% was significant heterogeneity) (34). P < 0.05 was

statistically significant. Specific data of the high SII and low SII

groups were extracted from the studies based on our grouping

definition. The publication bias was assessed by funnel plot. We

performed the statistical analyses by Review Manager software

(version 5.3.3; https://training.cochrane.org/online-learning/

core-softwarecochrane-reviews/revman).
Results

The primary search in English databases yielded 469 records.

Two hundred twenty-four duplicates were excluded, and 245

remained. Two hundred twenty-two records were further

excluded after title/abstract and publication type screening.

Then, 23 potentially eligible articles were retained for full-text

assessment, and six were excluded for insufficient data, theme,

endpoints, and groupings. Besides, we manually searched the

Chinese databases, and two articles met the included criteria.

Finally, 19 studies (9, 10, 14–30) met the eligibility criteria, and a

number of 18609 stroke patients were involved. All the studies
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TABLE 1 The baseline characteristics of included studies.

Study Participants
Age (y)

Male Type
mple

Laboratory
TestMethod

Type
ofIntervention

Cutoffof
SII

Primary
Endpoints

Follow-
up (d)

NOS

Full blood – 651.00 PO – 9

– – 730.00 PO discharge 8

(6:00
on

Full blood – –
Stroke
severity

– 9

tion – – 1700.00 PO 90 d 7

– IVT 545.14 PO 90 d 8

– – 653.65 HT – 9

Peripheral
venous blood

MT 853.00 PO 90 d 8

Venous
blood

EVENT 1690.00
PO
Cerebral
reperfusion

90 d 8

– – –

Mortality
PO
Pneumonia

90 d 7

– IVT or EVT

2120.00
(IHIS)
1051.00
(OHIS)

Mortality
PO

discharge 7

Full blood – –
PO
Mortality

discharge 8

Venous
blood

– 1008.00
Stroke
severity

discharge 9

– EVENT 2140.00 PO 90 d 9

venous blood – –

Mortality
PO
Recurrent
stroke

90 d
1 y

7

(Continued)

H
u
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g
e
t
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10
.3
3
8
9
/
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m
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u
.2
0
2
2
.10

9
0
3
0
5

Fro
n
tie
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in

Im
m
u
n
o
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g
y

fro
n
tie

rsin
.o
rg

0
4

Author Year Nation
Design (n)

(mean ±
SD)

(%) ofStroke
MedicalHistory MedicationHistory Time ofBlood S

Chu
et al. (14)

2020
Taiwan,
China

Retrospective
Single-center

415 70.7 ± 13.5 61.69 AIS
①②③

⑤⑥⑦⑧
–

On arrival in the
emergency room

Trifan
et al. (15)

2020 America
Retrospective
Single-center

239 58.1 ± 3.2 56.90 ICH
①②

⑪⑯⑰

Aspirin
Clopidogrel
Anti-hypertensive
Statins

On arrival
in the hospital

Hou
et al. (9)

2021 China
Retrospective
Single-center

362 67.8 ± 12.2 67.40 AIS ①②④ –
The following da
am), after admiss

Li
et al. (16)

2021 China
Retrospective
Single-center

291 57.0 ± 14.0 66.67 ICH – – During hospitaliz

Weng
et al. (17)

2021 China
Retrospective
Single-center

216 67.8 ± 3.5 62.96 AIS
①②③

④⑤⑨
– The first 24 h

Yang
et al. (18)

2021 China
Retrospective
Single-center

310 65.0 ± 11.4 72.58 AIS ①②⑤⑫
Anti-platelet
Anti-coagulation

Next morning
(5:00 am) after
admission

Yi
et al. (19)

2021 Korea
Retrospective
Single-center

440 70.0 ± 12.9 58.41 AIS
①②④

⑤⑨⑫
– On admission

Acar
et al. (20)

2022 Turkey
Retrospective
Single-center

123 66.5 ± 12.0 52.85 AIS
①②④

⑤⑨⑫

Anti-platelet
Anti-coagulation

At admission to
emergency room

Adiguzel
et al. (21)

2022 Turkey
Retrospective
Single-center

205 71.0 ± 15.0 41.46 AIS
①②

④⑱⑲
– The first 14 days

Chen
et al. (22)

2022
Taiwan,
China

Retrospective
Single-center

3402 71.9 ± 2.8 57.58 AIS
①②④⑤

⑥⑦⑧⑫
–

Within 24 h of
admission

Hsu
et al. (23)

2022
Taiwan,
China

Retrospective
Single-center

374 65.4 ± 17.8 64.44 ICH ①②⑤⑥ –
On arrival at the
emergency room

Huang
et al. (10)

2022 China
Retrospective
Single-center

234 68.9 ± 3.7 50.43 AIS ①②④
Anti-platelet
Anti-coagulation

Within 24 h of
admission

Ji
et al. (24)

2022 China
Retrospective
Single-center

675 67.1 ± 11.4 59.56 AIS ①②④ –

Within
the first 24h after
admission

Wang
et al. (25)

2022 China
Retrospective
Multi-center

9107 61.9 ± 11.1 69.65 AIS
①②④

⑨⑩⑯
–

Within 24 h after
admission
a

y
i

a

https://doi.org/10.3389/fimmu.2022.1090305
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org


TABLE 1 Continued

Author Year Nation
Study
Design

Participants
(n)

Age (y)
(mean ±

Male
(%)

Type
ofStroke

MedicalHistory MedicationHistory Time ofBlood Sample
Laboratory
TestMethod

Type
ofIntervention

Cutoffof
SII

Primary
Endpoints

Follow-
up (d)

NOS

AIS
①②③

④⑧⑪⑳

Warfarin
NOAH
Anti-platelet

The first test after
entering the ICU

– – – Mortality
30 d
90 d

7

AIS ①②③④
Statin
Anti-thrombotic

On admission – IVT & EVT – HT –
8

AIS ①②④⑮ – Within 24 h
Routine
blood

– 802.8
Stroke
severity
PO

90 d
9

AIS ①② –
Within 24 h of
admission

Peripheral
venous blood

– 781.40
Stroke
severity
PO

90 d
9

AIS ①②④ –
Within 24 h of
admission

Venous
blood

–

728.03
(HT)
449.76
(PO)

HT
PO

90 d

9

chronic kidney disease; AF, atrial fibrillation; CAD, coronary artery disease; CHD, coronary heart disease; MI, myocardial infarct; CHF, congestive heart failure; PVD,
tion; EVT, endovascular treatment; IVT, intravenous thrombolysis;
nticoagulants.OHIS, out-of-hospital ischemic stroke; NOS, Newcastle-Ottawa Scale; HT, hemorrhagic transformation.

Uremia; ⑧Cancer; ⑨CAD; ⑩Hypercholesterolemia; ⑪CKD; ⑫Dyslipidemia; ⑬Uremia; ⑭CAD; ⑮CHD; ⑯IS; ⑰ ICH; ⑱Pneumonia; ⑲UTI; ⑳MI, CHF, PVD,

H
u
an
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3
8
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2
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0
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n
tie

rsin
.o
rg

0
5

SD)

Wu
et al. (26)

2022 China
Retrospective
Multi-center

1181 69.1 ± 15.6 50.80

Yang
et al. (27)

2022 China
Retrospective
Single-center

379 70.8 ± 3.5 52.51

Zhou
et al. (28)

2022 China
Retrospective
Single-center

208 63.3 ± 11.3 68.75

Zhu
et al. (29)

2022 China
Retrospective
Single-center

182 39.4 ± 6.8 83.52

Liu
et al. (30)

2022 China
Retrospective
Single-center

266 65.0 ± 10.9 60.15

AIS, acute ischemic stroke; IS, ischemic stroke; ICH, intracerebral hemorrhage; CKD,
peripheral vascular disease; CPD, chronic pulmonary disease; UTI, urinary tract infe
MT, mechanical thrombectomy; IHIS, in-hospital ischemic stroke; NOAC, new oral
PO, poor outcome
①Hypertension; ②Diabetes; ③Hyperlipidemia; ④AF; ⑤Prior stroke; ⑥Heart disease; ⑦
Dementia, CPD.
c
a
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were retrospective. The literature search process is shown in

Figure 1, and the systematic summary is summarized in Table 1.
Meta-Analysis and subgroup analysis of
different outcomes

Table 2 provides a summary of the findings. When comparing

the poor outcome between the low SII group and the high SII group,

our analysis showed that high SII was significantly associated with

poor outcome (OR 1.06, 95% CI 1.02-1.09, P = 0.001, I2 = 93%;

Figure 2).When comparing themortality between the lowSII group

and the high SII group, our analysis showed that high SII was

significantly associated with high mortality (OR 2.16, 95% CI 1.75-

2.67, P < 0.00001, I2 = 49%; Figure 3). When comparing the HT

between the low SII group and the high SII group, our analysis

showed that high SIIwas significantly associated withHT (OR 2.09,

95% CI 1.61-2.71, P < 0.00001, I2 = 42%; Figure 4). SII, on the other

hand, had no significant impact on recanalization (OR 1.50, 95%CI

0.86-2.62, P = 0.16; Figure 5).

Because the other endpoints did not have enough included

studies to perform subgroup analysis, we only performed the

subgroup analysis of clinical heterogeneity of poor outcomes. In

the Subgroup analysis, we identified that the different countries,

types of stroke, and surgery intervention (IVT, EVT, or MT)
Frontiers in Immunology 06
were associated with clinical heterogeneity of poor outcomes

(Figures 6A–C).

When comparing the SII level between the poor outcome and

good outcome groups, our study showed that poor outcomes had

higher SII (SMD 1.11, 95% CI 0.61-1.61, P < 0.00001; Figure 7A).

When comparing the SII between the death and survival groups,

our study showed that the death group had higher SII (MD

498.22, 95% CI 333.18-663.25, P < 0.00001, I2 = 0%; Figure 7B).

Our study compared the SII between the moderate-to-severe and

minor groups and showed that the moderate-to-severe group had

higher SII (SMD 1.35, 95% CI 0.48-2.23, P = 0.002; Figure 7C).

Some outcomes had substantial heterogeneity, and we could

not decrease it by removing studies one by one. Therefore, the

source of heterogeneity may be the studies themselves, the study

design, the parameter measurement tool, the highly variable

duration of follow-up, and so on. Although high heterogeneity

influenced the robustness of our results, the preliminary findings

were still worth paying attention to.
Risk of bias assessment and publication
bias assessment

The NOS evaluated and assigned a median of 8 stars to all

research, with an interquartile of (7-9) stars. The methodological
FIGURE 1

PRISMA flowchart of included studies.
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FIGURE 2

The poor outcome between the high SII and low SII groups. Liu et al. (a) and Liu et al. (b) were from the same study, Liu et al. (c) presented
minor stroke patients, and Liu et al. (b) presented moderate-to-severe stroke patients. We regarded the two groupings as independent studies
when performing a meta-analysis of poor outcomes.
TABLE 2 Meta-Analysis and subgroup analysis of Different Outcomes.

Results

Items Studies, n OR (95% CI) P Value Heterogeneity (I2, P for Cochran Q)

Poor Outcome

Pooled 11 1.06 (1.02, 1.09) P = 0.001 I2 = 93%, P < 0.00001

China 9 1.05 (1.01-1.08) P = 0.005 I2 = 94%, P < 0.00001

Non-China 2 1.54 (0.97-2.43) P = 0.06 I2 = 40%, P =0.19

AIS 9 1.05 (1.01-1.08) P = 0.005 I2 = 94%, P < 0.00001

ICH 2 1.56 (0.95-2.57) P = 0.08 I2 = 45%, P =0.18

NNo Surgery Intervention 8 1.04 (1.01-1.07) P = 0.01 I2 = 94%, P < 0.00001

IVT, EVT, or MT 3 3.30 (2.27-4.81) P < 0.00001 I2 = 0%, P =0.54

Mortality 2 2.16 (1.75-2.67) P < 0.00001 I2 = 49%, P = 0.16

HT 4 2.09 (1.61-2.71) P < 0.00001 I2 = 42%, P = 0.16

Recanalization 2 1.50 (0.86-2.62) P = 0.16 I2 = 74%, P = 0.05

Results

Items Studies, n SMD or MD (95% CI) P Value Heterogeneity (I2, P for Cochran Q)

PPoor outcome / Good outcome 9 1.11 (0.61-1.61) P < 0.00001 I2 = 98%, P < 0.00001

Death / Survival 3 498.22 (333.18-663.25)* P < 0.00001 I2 = 0%, P = 0.68

Severity of Stroke 3 1.35 (0.48-2.23) P = 0.002 I2 = 96%, P < 0.00001
* The SII level did not vary greatly, so we utilized mean difference (MD) to perform the meta-analysis.
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quality of the included studies is displayed in Supplemental

Table 3. The funnel plot results, which evaluated the probability

of publication bias, are shown in Supplemental Figure 1.
Discussion

Exploring the inflammatory response mechanism after

stroke is beneficial for immunoregulatory therapy applications

(10). The SII, calculated from neutrophils, lymphocytes, and

platelets, is more reliable and representative than other

leukocyte-based indicators of inflammation, including platelet-

to-lymphocyte ratio (PLR) and lymphocyte-to-monocyte ratio

(LMR). In addition, SII has the advantage of being easily
Frontiers in Immunology 08
accessible and rapid, as routine blood analysis is essential for

patients admitted to the hospital at no additional cost to the

patient, thus improving compliance.

The relationship between high SII levels and the clinical

outcome of stroke patients remains unclear. Possible mechanisms

are as follows: first, in the leukocyte family of the peripheral

circulation, neutrophils first infiltrate the lesion within hours after

stroke, further leading to the release of inflammatory mediators that

directly cause necrosis and apoptosis of cells in the ischemic zone

(35, 36). Neutrophils are an essential source of cytokines, free

radicals, and matrix metalloproteinase-9, which induce apoptosis

of neuronal cells and disrupt the blood-brain barrier by directly

damaging brain tissue (37). Leukocytes can penetrate a disrupted

blood-brain barrier, which is linked to various stroke complications,
FIGURE 4

The HT between the high SII and low SII groups.
FIGURE 3

The mortality between the high SII and low SII groups.
FIGURE 5

The recanalization between high SII and low SII groups.
frontiersin.org

https://doi.org/10.3389/fimmu.2022.1090305
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org


A

B

C

FIGURE 6

The subgroup analysis of poor outcomes is based on (A) different countries, (B) different types of stroke, and (C) surgery intervention.
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including pathological cerebral edema, HT, and a decline in

neurological function (38). Consequently, a rise in neutrophils is

a crucial mediator of ischemic brain damage. More experimental

data suggests that some specific lymphocyte subtypes, particularly

CD4+ and CD8+ T cells, can release some cytotoxic chemicals and
Frontiers in Immunology 09
pro-inflammatory cytokines, even if the involvement of

lymphocytes in ischemic brain injury is debatable. However,

according to other research, lymphocytes are the primary cerebral

protective immunomodulators following AIS and play a critical role

in inflammation-induced neuroprotection (39). Second, after an
frontiersin.org
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FIGURE 7

the SII level between the (A) poor outcome and good outcome group, (B) death and survival group, and (C)moderate-to-severe andminor stroke group.
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ischemic stroke, platelets encourage brain damage (40–42). In

mouse experiments, Ischemia-reperfusion in the brain causes

platelet necrosis, which regulates injurious neutrophil recruitment

and platelet-neutrophil aggregate formation and reduces cerebral

blood flow (41). Platelets aggregate with circulating leukocytes when

inflammation is activated via direct receptor-ligand interactions,

activating platelet function and changing endothelial cell

properties (43).

Up to now, some studies have reported the value of SII in

cerebrovascular diseases and the association between high SII levels

and clinical outcomes. Chu et al. (14) showed that SII increases

dynamically from the onset of symptoms in AIS patients eligible for

thrombolytic therapy. Higher levels of SII indicate more in-hospital

complications and worse short-term prognoses. Another study from

America demonstrated that in patients with supratentorial

spontaneous ICH, the early SII was an independent predictor of

poor outcomes at discharge (15). Hou et al. (9) investigated SII’s

effect on stroke severity and found that SII was independently

associated with stroke severity. Li et al. (16) demonstrated that SII,

particularly in the acute phase (day 1), is highly correlated with 90-

day functional outcomes in ICH patients. This index can be used to

predict the prognosis. Weng et al. (17) found similar results to Li

et al. and Hou et al. in AIS patients treated with IVT. In 2021, Yang

et al. (18) conducted a more in-depth and detailed study, and the

results showed that in patients with acute ischemia of the anterior

circulation due to significant artery atherosclerosis, higher SII was

associated with a greater risk of HT, particularly in artery-to-artery

embolism and in situ thrombosis. This is the first study onHT. Then
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Yang et al. (27) and Yi et al. (19) continued to study this. Their

findings demonstrated that admission SII is positively associated

with HT in AIS due to large vessel occlusion patients treated with

EVT, and higher SII meant more risk of HT. Besides, a study by Yi

et al. (19) showed that a reduction in SII after mechanical

thrombectomy (MT) was associated with favorable clinical

outcomes. SII represents potential prognostic factors in patients

undergoing MT for large artery occlusion. Acar et al. (20)

considered SII a potential indicator to predict unsuccessful cerebral

reperfusion and unfavorable clinical outcomes for patients with AIS

undergoing EVT. Nevertheless, our analysis showed that no

significant influence of SII for recanalization was observed. Further

investigations were required. Adiguzel et al. (21) showed that

significant variations of SII were observed during the first two

weeks following the stroke. However, due to age and post-

treatment clinical stroke severity, the discriminative capacity of

these changes was limited. An investigation by Chen et al. (22)

divided into two groups, one for in-hospital ischemic stroke (IHIS)

and the other for out-of-hospital ischemic stroke (OHIS), and their

study found that IHIS patients had more complicated clinical

features, higher levels of SII and higher rates of mortality than

OHIS patients. The underlying significance of the study was that

IHIS patients should be paid more attention to in clinical practice.

Hsu et al. (23) thought higher SII was associated with larger ICH

volumes, poorer initial Glasgow Coma Scale, and unfavorable

outcomes but was not an independent prognostic predictor.

Furthermore, the association of SII and hematoma expansion in

ICH patients requires further in-depth investigation. Huang et al.
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(10) further identified that higher SII meant a greater risk of stroke

severity and adverse clinical outcomes after AIS. Ji et al. (24)

identified elevated SII as related to malignant brain edema after

EVT. Wang et al. (25) findings further affirmed that SII was closely

associated with the short- and long-term prognosis of patients with

AIS, and higher SII were more likely to have poor outcomes. Wu

et al. (26) elevated SII increased the rate of 30-day all-cause mortality

as an available index to elucidate the role of thrombocytosis,

inflammation, and immunity interaction in developing AIS. Zhou

et al. (28) obtained similar findings to previous studies, and a

nomogram based on the SII could predict the risk of adverse

outcomes in patients with AIS with an accuracy of 80.2%.

SII is not only associated with functional prognosis but also with

psychic disorders. Hu et al. (44) conducted a study based on a

prospective stroke cohort, and their findings showed that increased

SII, especially SII at admission, is significantly correlated with post-

stroke depression. The findings may provide some diagnostic clues

to determine the early discovery of post-stroke depression.

Nevertheless, whether SII is correlated with other psychic

disorders secondary to stroke or not, comparative studies are

urgent, and this may be the point of future research. Another

study by Li et al. (45) demonstrated that the SII was not associated

with neurological recovery at three months. In contrast, a low

neutrophil-to-lymphocyte ratio was an independent factor for

predicting neurological recovery three months after stroke.

Topcuoglu et al. (46) considered that SII only had moderate utility

and was far from perfection. In patients with HT, SII increased after

bleeding occurred, and the admission values are not very valuable in

this regard.Additionally, according to Li et al. (47)findings, the SII at

admission is an independent predictor for the requirement of

decompressive craniectomy (DC) in patients with large artery

occlusion-AIS after MT. Based on the findings, the authors

created a unique SII-based nomogram that assisted neurosurgeons

in making prompt and sensible judgments about whether DC was

required, potentially improving the prognosis of these patients. In

elderly patients who underwent non-cardiac surgery, preoperative

SII was a potential prognostic biomarker for predicting perioperative

IS. SII > 583 was an independent risk factor for perioperative IS (48).

In like manner, this finding may assist surgeons in avoiding severe

complications and improving clinical outcomes.

By comprehensively and systematically reviewing the

currently available literature, this may be the first meta-analysis

assessing the relationship between SII and clinical outcomes of

stroke patients. We obtained three significant findings by

analysis: firstly, high SII is significantly associated with poor

outcome, high mortality, and the incidence of HT; secondly, the

SII of poor outcome, death, and moderate-to-severe stroke group

wasmuch higher than that of the excellent outcome, survival, and

minor stroke group, respectively; thirdly, no significant influence

was observed of SII for recanalization in patients with stroke who

was undergoing operation procedure. Nevertheless, limited

studies on some endpoints restricted the prevalence of our

findings. Consequently, more studies on mortality, HT,
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recanalization, the difference of SII in the death/survival group,

and stroke severity are urgent.
Limitations

There are some limitations: first, other than randomized

controlled trials, the majority of available studies are

retrospective, and the study design may limit the evidence level

of our findings; second, the majority of scholars are from China,

and most of the participants are Chinese, too. Consequently,

studies fromother countries are required, as well as the other races

of participants; third, the high heterogeneity of some endpoints

influenced the robustness of our results. Despite these limitations,

the preliminary findings of our meta-analysis may be useful to

clinicians in making treatment decisions for stroke patients.
Conclusion

To the best of our knowledge, this may be the first meta-analysis

to look at the link between SII and clinical outcomes in stroke patients.

The inflammatory response after a stroke is useful for

immunoregulatory treatment. Stroke patients with high SII should

be closelymonitored, since thismight be a viable treatment strategy for

limiting brain damage after a stroke. As a result, research into SII and

the clinical outcomes of stroke patients is crucial. Our preliminary

findings may represent the clinical condition and aid clinical decision-

makers. Nonetheless, further research is needed to better understand

the utility of SII through dynamic monitoring. To generate more

robust results, large-sample and multi-center research are required.

Data availability statement

The original contributions presented in the study are

included in the article/Supplementary Material. Further

inquiries can be directed to the corresponding author.

Author contributions

HY-W and YX-S developed the initial idea for this study. LZ-P

developed and revised the search strategy. HY-W and YX-S

formulated the study design. HY-W and YX-S contributed to the

originaldraft.LZ-Pwasresponsible for the revisionof thedraft.HY-W

and YX-S contributed equally and are co-first authors. All authors

contributed to the article and approved the submitted version.
Funding

This work was supported by the Project of Mianyang Central

Hospital (2021YJ006).
frontiersin.org

https://doi.org/10.3389/fimmu.2022.1090305
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org


Huang et al. 10.3389/fimmu.2022.1090305
Conflict of interest

The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could

be construed as a potential conflict of interest.
Publisher’s note

All claims expressed in this article are solely those of the

authors and do not necessarily represent those of their affiliated
Frontiers in Immunology 12
organizations, or those of the publisher, the editors and the

reviewers. Any product that may be evaluated in this article, or

claim that may be made by its manufacturer, is not guaranteed

or endorsed by the publisher.
Supplementary material

The Supplementary Material for this article can be found

online at: https://www.frontiersin.org/articles/10.3389/

fimmu.2022.1090305/full#supplementary-material
References
1. Ren H, Liu X, Wang L, Gao Y. Lymphocyte-to-monocyte ratio: a novel
predictor of the prognosis of acute ischemic stroke. J Stroke Cerebrovasc Dis (2017)
26:2595–602. doi: 10.1016/j.jstrokecerebrovasdis.2017.06.019

2. Wang Y, Li Z, Gu H, Zhai Y, Jiang Y, Zhao X, et al. China Stroke statistics
2019: a report from the national center for healthcare quality management in
neurological diseases, China national clinical research center for neurological
diseases, the Chinese stroke association, national center for chronic and non-
communicable disease control and prevention, Chinese center for disease control
and prevention and institute for global neuroscience and stroke collaborations.
Stroke Vasc Neurol (2020) 5:211–39. doi: 10.1136/svn-2020-000457

3. Zhu T, Wang L, Feng Y, Sun G, Sun X. Classical active ingredients and
extracts of Chinese herbal medicines: pharmacokinetics, pharmacodynamics, and
molecular mechanisms for ischemic stroke. Oxid Med Cell Longev (2021)
2021:8868941. doi: 10.1155/2021/8868941

4. Slot K, Berge E, Dorman P, Lewis S, Dennis M, Sandercock P. Impact of
functional status at six months on long-term survival in patients with ischaemic
stroke: prospective cohort studies. BMJ (2008) 336:376–9. doi: 10.1136/
bmj.39456.688333.BE

5. Kim J, Kawabori M, Yenari M. Innate inflammatory responses in stroke:
mechanisms and potential therapeutic targets. Curr Med Chem (2014) 21:2076–97.
doi: 10.2174/0929867321666131228205146

6. Program H, Bivard A, Linz L, Levi C. Peripheral immune cell counts and
advanced imaging as biomarkers of stroke outcome. Cerebrovasc Dis Extra (2016)
6:120–8. doi: 10.1159/000450620

7. Zhang BW, Yao WY. Prognostic role of the systemic immune inflammation
index in biliary tract cancers: a meta-analysis of 3515 patients. World J Surg Oncol
(2022) 20:320. doi: 10.1186/s12957-022-02783-z

8. Li S, Liu K, Gao Y, Zhao L, Zhang R, Fang H, et al. Prognostic value of systemic
immune-inflammation index in acute/subacute patients with cerebral venous sinus
thrombosis. Stroke Vasc Neurol (2020) 5:368–73. doi: 10.1136/svn-2020-000362

9. Hou D, Wang C, Luo Y, Ye X, Han X, Feng Y, et al. Systemic immune
inflammation index (SII) but not platelet-albumin-bilirubin (PALBI) grade is
associated with severity of acute ischemic stroke (AIS). Int J Neurosci (2020)
131:1203–8. doi: 10.1080/00207454.2020.1784166

10. Huang L. Increased systemic immune-inflammation index predicts disease
severity and functional outcome in acute ischemic stroke patients. Neurologist
(2022). doi: 10.1097/NRL.0000000000000464

11. Huang YW, Yin XS, Li ZP. Association of the systemic immune-inflammation
index (SII) and clinical outcomes in patients with stroke: A systematic review and
meta-analysis. In: PROSPERO (2022). identifier: CRD42022371996. Available at:
https://www.crd.york.ac.uk/prospero/display_record.php?ID=CRD42022371996.

12. Huang YW, Yin XS, Li ZP. Association of the stress hyperglycemia ratio and
clinical outcomes in patients with stroke: A systematic review and meta-analysis.
Front Neurol (2022) 13:999536. doi: 10.3389/fneur.2022.999536

13. Wells GA, Shea B, O'Connell D, Peterson J, Welch V, Losos M, et al. The
Newcastle-Ottawa scale (NOS) for assessing the quality of nonrandomized studies in
meta-analyses . Available at: http://www.ohri.ca/programs/clinical_epidemiology/
oxford.htm (Accessed February 27, 2020).

14. Chu YW, Chen PY, Lin SK. Correlation between immune-inflammatory
markers and clinical features in patients with acute ischemic stroke. Acta neurol
Taiwanica (2020) 29:103–13.
15. Trifan G, Testai FD. Systemic immune-inflammation (sii) index predicts
poor outcome after spontaneous supratentorial intracerebral hemorrhage. J stroke
cerebrovasc Dis (2020) 29:105057. doi: 10.1016/j.jstrokecerebrovasdis.2020.105057

16. Li Y, Wen D, Cui W, Chen Y, Zhang F, YuanM, et al. The prognostic value of
the acute phase systemic immune-inflammation index in patients with intracerebral
hemorrhage. Front neurol (2021) 12:628557. doi: 10.3389/fneur.2021.628557

17. Weng Y, Zeng T, Huang H, Ren J, Wang J, Yang C, et al. Systemic immune-
inflammation index predicts 3-month functional outcome in acute ischemic stroke
patients treated with intravenous thrombolysis. Clin Interventions aging (2021)
16:877–86. doi: 10.2147/CIA.S311047

18. Yang Y, Han Y, SunW, Zhang Y. Increased systemic immune-inflammation
index predicts hemorrhagic transformation in anterior circulation acute ischemic
stroke due to large-artery atherosclerotic. Int J Neurosci (2021), 1–7. doi: 10.1080/
00207454.2021.1953021

19. Yi HJ, Sung JH, Lee DH. Systemic inflammation response index and
systemic immune-inflammation index are associated with clinical outcomes in
patients treated with mechanical thrombectomy for large artery occlusion. World
neurosurg (2021) 153:e282–9. doi: 10.1016/j.wneu.2021.06.113

20. Acar BA, Acar T, Vatan MB, Aras YG, Ulas ̧ SB, Eryılmaz HA, et al. Predictive
value of systemic immune-inflammation index for cerebral reperfusion and clinical
outcomes in patients with acute ischemic stroke undergoing endovascular treatment.
Eur Rev Med Pharmacol Sci (2022) 26:5718–28. doi: 10.26355/eurrev_202208_29507

21. Adiguzel A, Arsava EM, Topcuoglu MA. Temporal course of peripheral
inflammation markers and indexes following acute ischemic stroke: Prediction of
mortality, functional outcome, and stroke-associated pneumonia. Neurol Res
(2022) 44:224–31. doi: 10.1080/01616412.2021.1975222

22. Chen PY, Chen GC, Hsiao CL, Hsu PJ, Yang FY, Liu CY, et al. Comparison
of clinical features, immune-inflammatory markers, and outcomes between
patients with acute in-hospital and out-of-hospital ischemic stroke. J
Inflammation Res (2022) 15:881–95. doi: 10.2147/JIR.S342830

23. Hsu HT, Chen PY, Tzeng IS, Hsu PJ, Lin SK. Correlation of immune-
inflammatory markers with clinical features and novel location-specific
nomograms for short-term outcomes in patients with intracerebral hemorrhage.
Diagn (Basel) (2022) 12:622. doi: 10.3390/diagnostics12030622

24. Ji Y, Xu X, Wu K, Sun Y, Wang H, Guo Y, et al. Prognosis of ischemic stroke
patients undergoing endovascular thrombectomy is influenced by systemic
inflammatory index through malignant brain edema. Clin Interventions aging
(2022) 17:1001–12. doi: 10.2147/CIA.S365553

25. Wang N, Yang Y, Qiu B, Gao Y, Wang A, Xu Q, et al. Correlation of the
systemic immune-inflammation index with short- and long-term prognosis after
acute ischemic stroke. Aging (2022) 14:6567–78. doi: 10.18632/aging.204228

26. Wu S, Shi X, Zhou Q, Duan X, Zhang X, Guo H. The association between
systemic immune-inflammation index and all-cause mortality in acute ischemic
stroke patients: Analysis from the mimic-iv database. Emergency Med Int (2022)
2022:4156489. doi: 10.1155/2022/4156489

27. Yang Y, Cui T, Bai X, Wang A, Zhang X, Wan J, et al. Association between
systemic immune-inflammation index and symptomatic intracranial hemorrhage
in acute ischemic stroke patients undergoing endovascular treatment. Curr
neurovasc Res (2022) 19:83–91. doi: 10.2174/1567202619666220406102429

28. Zhou YX, Li WC, Xia SH, Xiang T, Tang C, Luo JL, et al. Predictive value of
the systemic immune inflammation index for adverse outcomes in patients with
frontiersin.org

https://www.frontiersin.org/articles/10.3389/fimmu.2022.1090305/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fimmu.2022.1090305/full#supplementary-material
https://doi.org/10.1016/j.jstrokecerebrovasdis.2017.06.019
https://doi.org/10.1136/svn-2020-000457
https://doi.org/10.1155/2021/8868941
https://doi.org/10.1136/bmj.39456.688333.BE
https://doi.org/10.1136/bmj.39456.688333.BE
https://doi.org/10.2174/0929867321666131228205146
https://doi.org/10.1159/000450620
https://doi.org/10.1186/s12957-022-02783-z
https://doi.org/10.1136/svn-2020-000362
https://doi.org/10.1080/00207454.2020.1784166
https://doi.org/10.1097/NRL.0000000000000464
https://www.crd.york.ac.uk/prospero/display_record.php?ID=CRD42022371996
https://doi.org/10.3389/fneur.2022.999536
http://www.ohri.ca/programs/clinical_epidemiology/oxford.htm
http://www.ohri.ca/programs/clinical_epidemiology/oxford.htm
https://doi.org/10.1016/j.jstrokecerebrovasdis.2020.105057
https://doi.org/10.3389/fneur.2021.628557
https://doi.org/10.2147/CIA.S311047
https://doi.org/10.1080/00207454.2021.1953021
https://doi.org/10.1080/00207454.2021.1953021
https://doi.org/10.1016/j.wneu.2021.06.113
https://doi.org/10.26355/eurrev_202208_29507
https://doi.org/10.1080/01616412.2021.1975222
https://doi.org/10.2147/JIR.S342830
https://doi.org/10.3390/diagnostics12030622
https://doi.org/10.2147/CIA.S365553
https://doi.org/10.18632/aging.204228
https://doi.org/10.1155/2022/4156489
https://doi.org/10.2174/1567202619666220406102429
https://doi.org/10.3389/fimmu.2022.1090305
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org


Huang et al. 10.3389/fimmu.2022.1090305
acute ischemic stroke. Front neurol (2022) 13:836595. doi: 10.3389/
fneur.2022.836595

29. Liu Z, Liu YY, Xu SF, Kang H. Immune-inflammation index with
hemorrhagic transformation and prognosis of acute ischemic stroke. Adv Clin
Med (2022) 12:1335–46. doi: 10.12677/ACM.2022.122194

30. Zhu LY, Liu J, Xiao CH. Study on the relationship between systemic
immune inflammation index and d-dimer and the severity and prognosis of
young acute cerebral infarction patients. J Neurosci Ment Health (2022) 22:363–
8. doi: 10.3969/j.issn.1009-6574.2022.05.011

31. Luo D, Wan X, Liu J, Tong T. Optimally estimating the sample mean from
the sample size, median, mid-range and/or mid-quartile range. Stat Methods Med
Res (2018) 27:1785–805. doi: 10.1177/0962280216669183

32. Wan X, Wang W, Liu J, Tong T. Estimating the sample mean and standard
deviation from the sample size, median, range and/or interquartile range. BMC
Med Res Method (2014) 14:135. doi: 10.1186/1471-2288-14-135

33. DerSimonian R, Laird N. Meta-analysis in clinical trials. Control Clin Trials
(1986) 7:177–88. doi: 10.1016/0197-2456(86)90046-2

34. Higgins JP, Thompson SG. Quantifying heterogeneity in a meta-analysis.
Stat Med (2002) 21:1539–58. doi: 10.1002/sim.1186

35. Darbousset R, Thomas GM, Mezouar S, Frère C, Bonier R, Mackman N, et al.
Tissue factor-positive neutrophils bind to injured endothelial wall and initiate
thrombus formation. Blood (2012) 120:2133–43. doi: 10.1182/blood-2012-06-437772

36. Jin R, Yang G, Li G. Inflammatory mechanisms in ischemic stroke: role of
inflammatory cells. J Leukoc Biol (2010) 87:779–89. doi: 10.1189/jlb.1109766
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