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Background: Risk stratification of patients for incidence of stroke and its outcomes can 
aid in decision-making regarding treatment options and rehabilitative care. We systemati-
cally reviewed the literature to provide comprehensive evidence for the value of serum sol-
uble suppression of tumorigenicity-2 (sST-2) in the prediction of stroke incidence and the 
evaluation of post-stroke outcomes.

Methods: The Medline, Scopus, Web of Science, and Embase databases were searched 
until the end of August 2022 for studies investigating the value of serum sST-2 in the pre-
diction of stroke incidence and post-stroke outcomes.

Results: Nineteen articles were included. The articles reported conflicting results on the 
predictive value of sST-2 measurement in the incidence of stroke. Studies investigating 
the value of sST-2 measurement for the prognosis of post-stroke outcomes have reported 
positive associations between sST-2 levels and post-stroke mortality, composite adverse 
events, major disability, cerebral–cardiac syndrome, and cognitive impairment.

Conclusions: Although some studies have reported a predictive value of serum sST-2 mea-
surement in the incidence of stroke, a clear consensus has yet to be reached because of 
discrepancies in the results. As for the prognosis of post-stroke outcomes, sST-2 may be a 
predictor of mortality, composite adverse events, and major disability after stroke. Overall, 
more well-designed prospective cohort studies are needed to reach a more decisive con-
clusion on the value of sST-2 measurement for the prediction of stroke and its outcomes 
and to determine optimal cutoffs.
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INTRODUCTION

Stroke risk stratification is a valuable tool that healthcare provid-

ers can use to surveil and deliver timely preventive measures 

while increasing patients’ awareness of potential stroke signs 

and symptoms. Determining the prognosis in the early stages 

after developing a stroke can contribute to acute and long-term 

medical management. Identifying patients who are at risk for 

unfavorable outcomes, such as death and long-term disability, 

in the first hours of admission can help physicians, patients, 

and their families make well-informed decisions regarding treat-

ment options and rehabilitative care.

  Conventionally, standardized neurological examination vari-

ables recommended by the National Institutes of Health Stroke 

Scale (NIHSS) are used for estimating stroke severity and out-

comes [1]. Recently, the use of biomarkers as adjuncts for the 

1 / 1CROSSMARK_logo_3_Test

2017-03-16https://crossmark-cdn.crossref.org/widget/v2.0/logos/CROSSMARK_Color_square.svg

http://crossmark.crossref.org/dialog/?doi=10.3343/alm.2021.41.1.#&domain=pdf&date_stamp=2020-08-##


Ahmadzadeh K, et al.
Soluble ST-2 as a prognostic marker for stroke

586    www.annlabmed.org https://doi.org/10.3343/alm.2023.43.6.585

prediction of stroke and understanding the prognosis of post-

stroke outcomes has increased. Among them, inflammatory bio-

markers have been suggested as independent indicators of stroke 

severity and progression of secondary outcomes [2].

  Suppression of tumorigenicity-2 (ST-2) is a member of the 

Toll-like/interleukin 1 (IL-1) receptor family that regulates inflam-

matory processes in many clinical conditions [3]. The ST-2 re-

ceptor family consists of two isoforms: transmembrane ST-2 and 

soluble ST-2 (sST-2). Upon binding of IL-33 with transmembrane 

ST-2, downstream signaling cascades possibly reduce inflam-

matory responses and subsequent apoptosis, fibrosis, and mal-

adaptive tissue remodeling [4]. sST-2 is released into the sys-

temic circulation and acts as a decoy receptor that suppresses 

the effect of IL-33 on target tissues [5]. sST-2 is broadly expressed 

in cardiac myocytes, epithelial cells, endothelial cells, smooth 

muscle fibers, and immune cells, making it a potential biomarker 

for inflammatory diseases (e.g., rheumatoid arthritis and asthma), 

cancers (e.g., breast and gastrointestinal cancers), and cardio-

vascular diseases, with most studies focusing on its role in heart 

failure [6, 7]. The Food and Drug Administration has approved 

sST-2 for the prediction of mortality in patients with chronic heart 

failure [8]. Intercorrelation between cardiac dysfunction and the 

risk of cerebrovascular accidents, shared common risk factors, 

and mutual post-injury molecular pathways have led to recent 

endeavors to explain the pathophysiological role of sST-2 in stroke. 

However, despite ample research, studies have reported con-

flicting results on the value of sST-2 in the prediction of stroke 

and its outcomes, and a clear consensus is lacking. Therefore, 

we systematically reviewed the current literature to provide com-

prehensive evidence for the value of serum sST-2 measurement 

in the prediction of stroke and the evaluation of post-stroke out-

comes.

MATERIALS AND METHODS

Study design and search strategy
PICO was defined as: patients (P): patients at risk of stroke or 

patients with stroke, index test (I): serum sST-2 levels, compari-

son (C): patients not developing stroke or patients not develop-

ing the outcome of study after stroke, outcome (O): incidence of 

stroke or development of the outcome of study after stroke. Key-

words were chosen according to MeSH and Emtree terms in the 

Medline and Embase databases, respectively, consultation with 

experts in the field, and review of related articles. We systemati-

cally searched the selected keywords in the Medline, Embase, 

Scopus, and Web of Science databases until August 30, 2022. 

A manual search was performed using the Google and Google 

Scholar search engines, and references in the related articles 

were studied to retrieve any possibly missed articles. The search 

strategies used are described in Supplemental Material 1.

Selection criteria
All human studies assessing the predictive value of serum sST-2 

measurement in the incidence of stroke and its outcomes were 

included, regardless of sex, age, and race of the participants. 

Exclusion criteria for this study were duplicate studies, editorials 

and letters to the editor, not reporting stroke as an outcome, and 

reviews and articles not reporting the required data.

Data extraction
The titles and abstracts of the retrieved articles were indepen-

dently evaluated by two reviewers. Next, the full texts of possibly 

related articles were reviewed in detail, and relevant articles were 

included in this study. The collected information was summa-

rized into a checklist designed according to the Preferred Re-

porting Items for Systematic Reviews and Meta-Analyses (PRI

SMA) guidelines [9]. Any disagreements were resolved with the 

help of a third reviewer. Information on study characteristics 

(first author name, publication year, and country), study type, 

included patient settings, sample size, mean age, number of 

male participants, follow-up period, type of stroke, studied out-

come, number of patients with the outcome of study, time of se-

rum sST-2 measurement, and sST-2 cutoff utilized were extracted. 

The predictive and prognostic values of serum sST-2 in the eval-

uation of stroke incidence and post-stroke outcomes were re-

corded as the effect size provided by each study, which included 

the odds ratio (OR), risk ratio (RR), and hazard ratio (HR) with 

related 95% confidence intervals (CIs).

Quality assessment and certainty of the findings
The quality of the articles was assessed using the QUADAS-2 

guidelines for the assessment of diagnostic accuracy studies 

[10]. According to these guidelines, the risk of bias in articles is 

assessed in the domains of patient selection (sampling method 

and selection criteria), index test (blinding and pre-specification 

of a threshold/cutoff), reference standard (the reliability of the 

reference standard and blinding), and flow and timing (interval 

between test and reference standard, verification bias, and miss-

ing data). The QUADAS-2 guidelines also assess the applicabil-

ity of the studies to the review question based on said domains.

  The Grades of Recommendation, Assessment, Development 

and Evaluation (GRADE) approach [11] was used to summarize 
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the findings and assess the certainty of evidence. Any disagree-

ments were resolved by consulting a third reviewer.

RESULTS

Study characteristics
The systematic search of online databases yielded 461 non-du-

plicate records, and 6 articles were acquired by a manual search. 

After evaluation, 19 articles were included in this systematic re-

view [12-30] (Fig. 1), of which 10 investigated the value of se-

rum sST-2 measurement in the prediction of the risk of stroke 

incidence [12-21], and the remaining 9 evaluated the value of 

serum sST-2 measurement in the prognosis of post-stroke out-

comes [22-30]. A detailed description of the characteristics of 

these studies is provided in the respective sections. 

Value of sST-2 measurement in the prediction of stroke
The included studies [12-21] comprised 24,160 patients, of 

whom 5.64% developed stroke. The follow-up period varied 

from 1 to 15 years. The characteristics and results of the stud-

ies evaluating the predictive value of serum sST-2 measurement 

in the incidence of stroke are provided in Table 1. 

  The studies reported conflicting results of the predictive value 

of serum sST-2 measurement in the incidence of stroke. In a 

study by Andersson, et al. [12], in a population without any past 

medical condition, serum sST-2 predicted both stroke/transient 

ischemic attack (TIA) and ischemic stroke incidence when the 

continuous serum value of sST-2 was included in the analyses 

(HR for stroke/TIA=1.6 and HR for ischemic stroke=1.77). How-

ever, the authors observed that only the third and fourth quar-

tiles of serum sST-2 levels predicted the risk of stroke/TIA, whereas 

none of the sST-2 serum quartiles levels predicted ischemic stroke. 

Hammer, et al. [14] reported that in patients with diabetes un-

dergoing hemodialysis, serum sST-2 levels >32.6 ng/mL pre-

dicted fatal stroke (HR=1.92), whereas sST-2 levels <32.6 ng/

mL could not be used to predict the incidence of stroke. Polineni, 

et al. [19] reported that in patients undergoing coronary artery 

bypass graft/valve replacement surgery, serum levels of sST-2 

 Fig. 1. Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) flow diagram of article selection. 
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Table 1. Summary of the included studies on the predictive value of sST-2 measurement in the incidence of stroke

Reference Design Patient setting
Sample 

size
Mean age, 

yr*
Number of 

male patients
Follow-up 

period
Outcome

N 
outcomes

sST-2 cutoff
Effect size  
(95% CI)

Andersson, 
2015 [12] 

PCS Healthy subjects 2,741 59±9.7 Not determined 11.8±3 yr Stroke/TIA 161 Q1
Q2
Q3
Q4

Continuous

Ref.
HR=1.42 (0.85–2.37)
HR=1.73 (1.05–2.84)
HR=1.76 (1.06–2.92)
HR=1.6 (1.01–2.54)

Ischemic stroke 105 Q1
Q2
Q3
Q4

Continuous

Ref.
HR=1.47 (0.77–2.8)
HR=1.82 (0.97–3.41)
HR=1.85 (0.98–3.49)
HR=1.77 (1.01–3.12)

Bai, 2020 [13] RCS Hospitalized patients with CHD 1,113 65 (32–95) NR 3.9 yr Stroke 49 Trend over terciles Effect size: NR
P <0.001

Hammer, 2022 
[14]

PCS Diabetic hemodialysis 1,196 66±8.3 645 4 yr Fatal stroke 94 Q1:<20.1 ng/mL
Q2: 20.1–25

Q3: 25.1–32.6
Q4: >  32.6

Ref.
HR=0.72 (0.39–1.33)
HR=1.51 (0.85–2.69)
HR=1.92 (1.17–3.14)

Hijazi, 2020 
[15]

RCT AF and at least one CHADS2 risk factor 4,406 70.1 2,789 1.9 yr Ischemic stroke/
SEE

282 Third vs. first quartile HR=1.232 (1.05–1.446)

AF and at least one of the following risk 
factors: previous stroke or TIA, CHF or 

reduced LVEF<40%, age >75 yr

1,218 72.2 612 Ischemic stroke/
SEE

149 Third vs. first quartile HR=1.02 (0.803–1.296)

Hughes, 2014 
[16]

PCS Healthy subjects 7,997 48.8±22.1 4,225 15 yr Stroke 354 Q1
Q2
Q3
Q4

Continuous

Ref.
HR=1.31 (0.91–1.89)
HR=1.15 (0.79–1.68)
HR=1.18 (0.82–1.71)
HR=1.03 (0.92–1.16)

Khamitova, 
2019 [17]

PCS Acute MI 180 61.4±1.7 136 1.05 yr Stroke 5 Above normal vs normal Effect size: NR
P =0.226

Lidgard, 2022 
[18]

PCS Mild to moderate CKD 2,560 56±11.6 1305 8.13 yr Stroke 70 Q1:<11 ng/mL
Q2: 11–14.9

Q3: 14.9–20.1
Q4: >  20.1
Continuous

Ref.
HR=1.59 (0.75–3.36)
HR=1.21 0.56–2.63)
HR=1.43 (0.66–3.11)
HR=1.11 (0.86–1.44)

Polineni, 2018 
[19]

PCS CABG/valve replacement 1,554 65.3 1,188 NR Stroke NR Median
T1
T2
T3

OR=3.34 (1.43–7.84)
Ref.

OR=6.58 (1.48–29.32)
OR=7.58 (1.43–7.84)

Seo, 2019 [20] PCS Incident hemodialysis 182 61.3 106 1.7 yr Non-fatal stroke 4 Median (59.5 ng/mL) HR=3.09 (0.32–29.7)

Somuncu, 2020 
[21]

PCS Acute MI 380 60.2 279 1 month
6 months
12 months

Stroke 3 35 ng/mL Effect size: NR
P =0.912
P =0.052
P =0.172

*Age is reported as mean±SD or median (range).
Abbreviations: PCS, prospective cohort study; RCT, randomized clinical trial; CHD, congestive heart disease; CHADS2, Congestive heart failure, Hypertension, Age ≥ 75 yrs, Diabetes, previous 
Stroke; AF, atrial fibrillation; CHF, congestive heart failure; LVEF, left ventricular ejection fraction; TIA, transient ischemic attack; MI, myocardial infarction; CKD, chronic kidney disease; CABG, coro-
nary artery bypass graft; SEE, systemic embolic event; NR, not reported; HR, hazard ratio; OR, odds ratio; CI, confidence interval; T, tercile; Q, quartile; Ref., reference. 
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above the median of the study population predicted the risk of 

stroke (OR=3.34). Additionally, the authors observed that the 

second (OR=6.58) and third terciles (OR=7.58) of serum sST-2 

levels could predict stroke.

  Hijazi, et al. [15] studied the value of serum sST-2 levels for 

stroke prediction in two separate populations of patients with 

atrial fibrillation. The serum sST-2 level was shown to predict 

ischemic stroke/systemic embolic event only in one of the popu-

lations (HR=1.232). Bai, et al. [13] reported a significant rela-

tionship (P <0.001) between serum sST-2 levels and the predic-

tion of stroke in patients with congestive heart disease.

  The remaining studies, including Hughes, et al. [16] (patients 

without past medical condition), Seo, et al. [20] (patients on he-

modialysis), Somuncu, et al. [21], Khamitova, et al. [17] (pa-

tients with acute myocardial infarction), and Lidgard, et al. [18] 

(patients with mild to moderate chronic kidney disease [CKD]), 

did not demonstrate a predictive value of serum sST-2 levels in 

the incidence of stroke.

Value of sST-2 measurement in the prognosis of post-stroke 
outcomes
The included studies [22-30] comprised 3,715 patients with 

stroke. The included patients had varying severities of stroke, 

and most populations had median stroke severity NIHSS scores 

between 2 and 6.

  sST-2 levels were measured within 24 hours after administra-

tion. The follow-up period varied from in-hospital outcomes to 

outcomes after 1 year. Evaluated outcomes were mortality, com-

posite adverse events, new stroke/mortality, modified Rankin 

Scale (mRS) of 3–6, post-stroke depression, cognitive impair-

ment, hemorrhagic transformation, and cerebral–cardiac syn-

drome. The characteristics and results of the studies evaluating 

the value of sST-2 measurement in the prognosis of post-stroke 

outcomes are provided in Table 2. 

Post-stroke mortality
Serum sST-2 levels at admission can predict mortality after isch-

emic stroke [22, 24, 28]. Dieplinger, et al. [22] and Wolcott, et 
al. [28] have reported that sST-2 predicted 3-month mortality 

with a RR of 3.77 and OR of 3.69, respectively. Mechtouff, et al. 
[24] reported an HR of 9.9 for 12-month mortality. The wide CI 

in this study was attributed to the low sample size and scarce 

event rate.

Unfavorable outcomes
Tian, et al. [26] reported that serum sST-2 levels could predict 

1-year composite adverse events (death, myocardial infarction, 

ischemic and hemorrhagic stroke) and major disability (mRS 

3–6)/death (HR for composite adverse events=2.517 and OR 

for major disability/death=3.126) in patients with TIA/ischemic 

stroke. Tian, et al. [27] also showed that serum sST-2 levels could 

predict mortality/new stroke in patients with TIA/ischemic stroke 

(HR=1.46). In a study of the prediction of unfavorable outcomes, 

Wolcott, et al. [28] reported that serum sST-2 levels could pre-

dict 3-month poor mRS (3–6) after ischemic stroke (OR=2.97).

Depression
Two studies on the value of sST-2 levels in the prediction of de-

pression after stroke reported conflicting results. Lu, et al. [23] 

reported that serum sST-2 levels can predict depression severity 

after stroke (OR=1.2). However, Xu, et al. [29] did not observe 

this. It should be noted that in the study of Lu, et al. [23], only 

high sST-2 levels (>237.7 pg/mL) predicted depression severity 

after stroke.

Miscellaneous outcomes
Studies have demonstrated other possible uses of sST-2 mea-

surement in the evaluation of stroke prognosis. Zhu, et al. [30] 

reported that sST-2 levels predicted cognitive impairment after 

stroke; Wolcott, et al. [28] reported that sST-2 predicted hemor-

rhagic transformation after stroke; and Sung, et al. [25] showed 

that sST-2 predicted mild and severe cerebral–cardiac syndrome. 

The study by Sung, et al. [25] had a low sample size, short fol-

low-up period (in-hospital), and possibly a low event rate, which 

may have contributed to the wide CIs reported.

Risk of bias assessment
The quality of the articles was assessed using the QUADAS-2 

guidelines. In the domain of patient selection, the risk of bias 

was rated as unclear in four studies as there was no mention of 

the sampling technique [17, 21, 22, 29]. In the domain of refer-

ence standard, three studies were rated as unclear in terms of 

risk of bias due to unclear stroke diagnosis criteria [17, 18, 21]. 

In the domain of flow and timing, one study was rated as unclear 

[19] because of not reporting follow-up, and one was rated as 

high [29] for a short-term follow-up period. The studies were 

rated as low in all other domains of the guidelines (Table 3).

Certainty of evidence
The certainty of the evidence was evaluated using the GRADE 

guidelines. As the included studies were considered observational 

studies, the base level of evidence was set as low. Certainty of ev-
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Table 3. Risk of bias assessment of the included studies

Reference
Risk of bias Applicability

OverallPatient 
selection

Index test
Reference 
standard

Flow and 
timing

Patient 
selection

Index test
Reference 
standard

Studies on prediction of stroke

Andersson, 2015 [12] Low Low Low Low Low Low Low Low

Bai, 2020 [13] Low Low Low Low Low Low Low Low

Hammer, 2022 [14] Low Low Low Low Low Low Low Low

Hijazi, 2020 [15] Low Low Low Low Low Low Low Low

Hughes, 2014 [16] Low Low Low Low Low Low Low Low

Khamitova, 2019 [17] Unclear Low Unclear Low Low Low Low Some concern

Lidgard, 2022 [18] Low Low Unclear Low Low Low Low Some concern

Polineni, 2018 [19] Low Low Low Unclear Low Low Low Some concern

Seo, 2018 [20] Low Low Low Low Low Low Low Low

Somuncu, 2020 [21] Unclear Low Unclear Low Low Low Low Some concern

Studies on prognosis of stroke

Dieplinger, 2015 [22] Unclear Low Low Low Low Low Low Some concern

Lu, 2021 [23] Low Low Low Low Low Low Low Low

Mechtouff, 2021 [24] Low Low Low Low Low Low Low Low

Sung, 2020 [25] Low Low Low Low Low Low Low Low

Tian, 2019 [26] Low Low Low Low Low Low Low Low

Tian, 2020 [27] Low Low Low Low Low Low Low Low

Wolcott, 2017 [28] Low Low Low Low Low Low Low Low

Xu, 2021 [29] Unclear Low Low High Low Low Low Some concern

Zhu, 2021 [30] Low Low Low Low Low Low Low Low

Table 4. GRADE certainty of evidence and summary of findings

Outcome
Sample size 

Follow-up time
Risk of bias

Heterogeneity  
(I2 value)

Indirectness Imprecision
Publication 

bias
Quality of evidence* 

Stroke 23,527 
1–15 years

Not serious Serious* 
(Q1: Ref.

Q2: 0.00%
Q3: 0.00%

Q4: 80.76%)

Not serious Not serious Not present Low
⊕⊕◯◯

Rated down one score
• Possible heterogeneity
  Rated up one score
• Possible dose-response gradient

Post-stroke  
   mortality

1,519
3–12 months

Not serious Not serious
(0.00%)

Not serious Serious Not present Moderate
⊕⊕⊕◯
Rated down one score
• Imprecision (wide CIs)
  Rated up two scores
• Possible dose-response gradient
• Large effect size (>2)

Abbreviations: CI, confidence interval; Ref., reference.
*The quality of evidence is presented as very low (⊕◯◯◯), low (⊕⊕◯◯), moderate (⊕⊕⊕◯), and high (⊕⊕⊕⊕) level of evidence.

idence was evaluated for outcomes of stroke and post-stroke 

mortality; the remaining outcomes were not assessed by a suffi-

cient number of studies and thus were rated as having a very 

low level of evidence.
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  The studies on the value of sST-2 levels in the prediction of 

stroke were found to be heterogenous (I2 up to 80.76% across 

quartiles; Supplemental Data Fig. S1). The level of evidence for 

the outcome of stroke was rated down one score due to hetero-

geneity and rated up one score due to the possible observed 

dose-response gradient, and therefore, the level of evidence for 

the outcome of stroke was rated as low. The level of evidence 

for the outcome of post-stroke mortality was rated down one 

score due to imprecision (wide CIs) and rated up two scores 

due to the possible observed dose-response gradient and large 

effect size (>2). No heterogeneity was observed in the studies 

on the outcome of post-stroke mortality (I2: 0.00%; Supplemen-

tal Data Fig. S2). The level of evidence for the outcome of post-

stroke mortality was rated as moderate (Table 4).

DISCUSSION

Acute risk stratification of patients for incident stroke and post-

stroke prognostication could help tailor individual surveillance 

programs, rehabilitation, and preventive interventions. In addi-

tion to detailed neurological examination and imaging, serum 

biomarkers are objective and cost-effective tools that may aid 

physicians in diagnosing stroke. Furthermore, evaluating the 

role of biomarkers in post-stroke outcome prognoses can high-

light different pathophysiological aspects of stroke and contrib-

ute to the development of novel targeted therapies.

  Studies have reported conflicting results on the predictive value 

of serum sST-2 levels for the incidence of stroke. Two included 

studies [12, 16] were conducted in healthy subjects, and nei-

ther demonstrated a significant association between sST-2 levels 

and stroke. The inability of serum sST-2 levels to predict stroke 

in healthy subjects could be partly justifiable as the IL-33–ST-2 

axis is involved in acute or chronic local and systemic inflamma-

tion, which may not be the case in healthy patients.

  The studies investigating patients with preexisting cardiovas-

cular comorbidities demonstrated that sST-2 could predict stroke 

in hospitalized patients with congestive heart disease [13] and 

patients undergoing coronary artery bypass graft or valve replace-

ment surgery [19], but not in patients with incident myocardial 

infarction [17, 21]. The study conducted in two atrial fibrillation 

patient populations yielded conflicting results [15]. Overall, there 

is a significant body of evidence on the prognostic role of sST-2 

levels in patients with cardiovascular disease. sST-2 is an inde-

pendent predictor of rehospitalization due to heart failure, car-

diovascular death, and all-cause mortality in patients with acute 

or chronic heart failure [7]. Concordantly, the American College 

of Cardiology and the American Heart Association have recom-

mended sST-2 as an auxiliary tool for the prognosis of heart fail-

ure [31]. sST-2 can also predict outcomes in patients with coro-

nary artery disease. A meta-analysis of patients with coronary 

artery disease demonstrated that increased sST-2 levels pre-

dicted an increased risk of major adverse cardiac events, heart 

failure, cardiovascular death, and all-cause mortality; however, 

sST-2 levels were not shown to predict myocardial infarction [32].

  CKD and dialysis are major risk factors for atherosclerosis, 

cardiac dysfunction, and cardiovascular mortality [20, 33]. Two 

of the three included studies selectively conducted in patients 

with CKD reported the sST-2 level as an independent predictor 

of fatal stroke in patients on hemodialysis. Experimental studies 

have demonstrated that higher sST-2 levels are implicated in 

atherosclerotic plaque progression and instability, leading to cor-

onary and cerebrovascular ischemic events, which is a culprit of 

higher morbidity and mortality in patients with CKD [18]. Brain 

natriuretic peptide and galectin-3 have been established as prog-

nostic biomarkers in patients with renal dysfunction [18]. Com-

pared to the mentioned biomarkers, the sST-2 level is less influ-

enced by kidney function, making its interpretation in kidney 

impairment more reliable [14, 20]. Nevertheless, based on avail-

able studies, it would be premature to draw a conclusion about 

the predictive value of sST-2 for stroke incidence, and more stud-

ies are required.

  The results of the included studies on the prognostic value of 

serum sST-2 for post-stroke outcomes showed fewer discrepan-

cies than those of studies on the predictive value for stroke. Se-

rum sST-2 levels have been associated with mortality and poor 

functional outcomes after stroke. Moreover, sST-2 is an indepen-

dent predictor of post-stroke cerebral–cardiac syndrome, which 

highlights the role of sST-2 in cardiac dysfunction [25]. However, 

the prognostic value of sST-2 is not limited to the brain–heart axis.

  There is convincing evidence that neuroinflammation plays a 

critical role in post-stroke secondary injuries and worsens out-

comes after stroke [3, 34]. In the brain, IL-33 is constitutively 

expressed by astrocytes and oligodendrocytes and is released in 

large quantities immediately after injury [35]. Interaction between 

IL-33 and transmembrane ST-2 drives neuroinflammation toward 

the T helper type 2 and regulatory T cells with a subsequent re-

lease of anti-inflammatory cytokines, resulting in a repairing im-

mune phase [36]. Animal models with knockout of the ST-2–IL-

33 axis had a larger infarct size and higher mortality following 

brain injury [37]. External administration of IL-33 ameliorated 

the extent of experimental brain injury [38]. However, the sST-2 

released after stroke competitively binds with IL-33 and blocks 
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the interaction of IL-33 with its membrane receptor, hampering 

its neuroprotective effects. Studies have established a strong 

link between neuroinflammation and blood–brain barrier integ-

rity [39]. In our study, sST-2 was demonstrated to contribute to 

the risk of hemorrhagic transformation in ischemic stroke. Ac-

curate identification of patients at risk of hemorrhagic transfor-

mation is of great value as it would be informative for opting for 

eligible patients who would benefit from thrombolytic therapy. A 

recent systematic review and meta-analysis showed that matrix 

metalloproteinase-9 levels have the highest accuracy for detect-

ing all subtypes of hemorrhagic transformation. The authors found 

only one study consistent with our results on the relevance of 

sST-2 levels in hemorrhagic transformation and emphasized the 

need for future research on this biomarker and its role in hem-

orrhagic transformation [34].

  The included studies evaluating the role of sST-2 in the pre-

diction of post-stroke depression [23, 29] and cognitive impair-

ment [30] reported inconclusive results. Although the studies 

measured depression symptoms based on the Hamilton Rating 

Scale for Depression, the assessment time and proposed diag-

nostic cutoffs varied among the studies. Furthermore, enrolled 

patients had not been assessed for background depressive symp-

toms before the stroke incident. Altogether, there is a lack of 

sufficient evidence on the role of serum sST-2 levels in the pre-

diction of psychological and cognitive impairments after stroke, 

and further studies with robust methodology are warranted.

  We acknowledge that there are some limitations to our review, 

and caution should be applied when interpreting our results. 

First, we conducted a systematic review, but no meta-analysis 

because of differences in study methodologies and reported re-

sults. The studies included in the analysis differed in their pa-

tient setting and cutoffs used, with most studies not reporting 

the cutoffs used. The reported effect size also varied among the 

studies. We suggest that future studies report their findings in a 

more uniform format, with a report of cutoffs. It is important to 

note that, as for many other biomarkers, the incremental predic-

tive and prognostic value of sST-2 levels should be assessed af-

ter integration with other well-established classic risk factors, bio-

markers, and instrumental indicators. The temporal profile of 

and changes in sST-2 levels during patient follow-up should also 

be investigated, as patients with persistently high levels of sST-2 

reportedly have higher mortality than patients with a decrease in 

sST-2 levels [40]. It is reasonable to expect that bulk release mea-

surement, peak concentrations, or fluctuations in sST-2 levels 

after stroke can provide additional prognostic information. We 

did not evaluate other biomarkers reflecting inflammatory reac-

tions and tissue remodeling. It would be reasonable to expect 

that adjustment for their values alters the predictive and prog-

nostic value of sST-2. It should also be noted that there was a 

noticeable variation in assay methods, limits of detection, and 

the commercial kits used for sST-2 measurement among the 

studies. Additionally, some studies analyzed sST-2 levels in thawed 

samples that had been stored for many years, which may have 

affected biomarker stability.

  In conclusion, our review demonstrated that although some 

studies have reported a predictive value of serum sST-2 levels 

in the incidence of stroke, no consensus can be reached be-

cause of discrepancies in the reported results. Studies on the 

value of serum sST-2 levels for the prognosis of post-stroke out-

comes have shown that sST-2 can predict mortality, composite 

adverse events, and major disability after stroke. Overall, more 

well-designed prospective cohort studies are needed to reach a 

more decisive conclusion on the value of sST-2 levels for the 

prediction of stroke and its outcomes and to determine optimal 

cutoffs.
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