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Abstract
Objectives  Soluble suppression of tumorigenicity 2 
(sST2) is a member of the interleukin-1 receptor family 
and a modulator of hypertrophic and fibrotic responses. 
Its prognostic value for patients undergoing aortic valve 
replacement (AVR) has been examined in prospective 
studies but to date, there has been no systematic 
evaluation or meta-analysis on this issue.
Methods  PubMed and Embase were searched until 1 
October 2017 for studies that evaluated the relationship 
between sST2 levels and mortality after AVR.
Results  A total of 18 and 37 entries were retrieved 
from both databases, from which four studies were 
included in the final meta-analysis. In a total of 1154 
subjects (50% male, mean age 80±10 years old, 
mean follow-up 14 months), elevated sST2 levels were 
significantly associated with a 44% increase in the risk 
of all-cause mortality (HR 1.44, 95% CI 1.30 to 1.60, 
p<0.0001; I2: 44%).
Conclusions  sST2 significantly predicts all-cause 
mortality in patients who have undergone AVR, but this 
conclusion is limited by the small number of patients. 
Larger prospective studies are required to better 
elucidate its value for risk stratification in this patient 
population.

Introduction
Aortic stenosis (AS) is a progressive disease that can 
lead to left ventricular hypertrophy and ventricular 
fibrosis1 with a prevalence of around 3.4% of indi-
viduals above the age of 75.2 Traditionally, aortic 
valve replacement (AVR) is performed by conven-
tional surgery, but transcatheter aortic valve implan-
tation (TAVI) is increasingly used for those who have 
severe, symptomatic AS.3 However, not all patients 
benefit from AVR, such as those who are frail.4 A 
number of risk scores, such as the European System 
for Cardiac Operative Risk Evaluation II, Society of 
Thoracic Surgeons score, or German Aortic Valve 
score, have been devised for risk stratification but 
these generally have poor predictive valves in patients 
with AS undergoing AVR.5 Imaging techniques such 
as MRI are also helpful.6 More recently, there has 
been interest in using different serum biomarkers 
for this purpose. Of these, soluble suppression of 
tumorigenicity 2 (sST2), a member of the interleukin 
(IL)-1 receptor family, has emerged to be a prom-
ising marker of myocardial stress.7 Thus, it has been 
shown to be predictive of adverse clinical outcomes 
in different cardiovascular diseases, such as stable 
coronary artery disease,8 acute coronary syndrome,9 
and acute10 as well as chronic heart failure.11 

In the context of AS, some studies have demon-
strated significant prognostic value of sST2 in 
patients undergoing AVR.12 However, although 
Stundl and colleagues reported that this biomarker 
was a significant predictor of mortality in a study 
cohort, it did not do so in a separate independent 
validation cohort.13 Therefore, we conducted this 
systematic review and meta-analysis to evaluate 
the relationship between serum sST2 level and 
mortality outcomes in this patient population.

Methods
Search strategy, inclusion and exclusion criteria
This systematic review and meta-analysis was 
conducted using the Preferred Reporting Items for 
Systematic Reviews and Meta-Analyses checklist. 
We searched two databases, PubMed and Embase, 
for studies that examined the association between 
sST2 levels and AVR using the following terms: 
((Soluble suppression of tumorigenicity-2 OR sST2) 
and aortic). The search period was from the begin-
ning of the databases up to 1 October 2017, with 
no language restrictions using the following inclu-
sion criteria: (1) the design was a case–control, 
prospective or retrospective cohort study in human 
subjects; (2) sST2 values were provided and related 
to disease severity or mortality in patients who have 
undergone AVR.

The Newcastle–Ottawa Quality Assessment Scale 
(NOS) was used for assessing the quality of the 
included studies (online  supplementary table 1), 
giving a score of 0–9 for each study: <5 indicated 
poor quality, 5–7 indicated fair quality, and  >8 
indicated good quality.

Data extraction and statistical analysis
The extracted data were input into Microsoft 
Excel software. Full articles of all entries were 
retrieved and assessed to determine whether all of 
the inclusion criteria were met. In this study, the 
extracted data elements consisted of: (1) publica-
tion details: surname of the first author, publication 
year; (2) the study design; (3) follow-up period; 
(4) the NOS quality score; and (5) the character-
istics of the population including sample size, sex, 
age and cut-off for sST2. Two reviewers (GT and 
CI) independently reviewed each included study 
and disagreements were resolved by consulting a 
third reviewer (TL). For the relationship between 
sST2 and mortality, multivariate adjusted HRs 
with 95% CI were extracted and analysed for each 
study. Heterogeneity across studies was determined 
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using Cochran's Q value and the I2 statistic. I2>50% was 
considered to reflect significant statistical heterogeneity. If I2 
was less than 50%, the fixed effects model was used, otherwise 
the random  effects model was used. To identify the origin of 
the heterogeneity, sensitivity analysis using the leave-one-out 
method was performed. Publication bias and asymmetry were 
assessed using the Begg and Mazumdar rank correlation test and 
Egger’s test, respectively.

Results
The search strategy of this systematic review and meta-analysis 
is shown in figure 1. A total of 18 and 37 entries were retrieved 
from PubMed and Embase, respectively. After excluding dupli-
cate studies or duplicate study populations (n=27), basic science 
studies (n=12) and studies that did not investigate outcomes 
following AVR (n=12), four studies were included in the final 
meta-analysis.12–15 The baseline characteristics of these studies 
are listed in table 1. Three were prospective studies12–14 and one 
was a retrospective study.15 Three studies examined outcomes 
after TAVI, whereas one study examined outcomes after 
AVR using either TAVI or conventional surgery. The present 
meta-analysis included 1154 subjects (50% male, mean age 
80±10 years old, mean follow-up 14 months). Four studies 

evaluated the value of sST2 in predicting all-cause mortality, all 
of which demonstrated significant associations. However, in the 
Stundl  et  al’s study,13 sST2 was not a significant predictor of 
mortality in the validation cohort. Nevertheless, our meta-anal-
ysis shows that elevated sST2 levels were significantly associated 
with a 44% increase in the risk of all-cause mortality (HR 1.44, 
95% CI 1.30 to 1.60, p<0.0001; figure 2). I2 was 44%, indi-
cating the presence of moderate heterogeneity. A funnel plot 
of SE against the logarithm of HR is shown in figure 3. Begg 
and Mazumdar rank correlation test  suggested no significant 
publication bias (Kendal’s tau value 0.4, p>0.05). Egger’s test 
demonstrated no significant asymmetry (intercept 1.5, t  value 
1.6; p>0.05). Sensitivity analysis excluding one study at a time 
did not significantly affect the pooled HR (figure 4). Excluding 
the Lindman et al’s study14 that examined patients undergoing 
both TAVI and conventional surgery, heterogeneity was reduced 
to 36%. When follow-up duration was analysed separately, 
including studies that examined 12-month mortality13 15 reduced 
heterogeneity to 20%.

Discussion
The main findings of this systematic review and meta-anal-
ysis are that high levels of sST2 were associated with a 44% 
increase in all-cause mortality in patients with AS undergoing 
AVR.

Over the past decade or so, several biomarkers have emerged 
that have been shown to provide further prognostic value in 
addition to traditional clinical risk scores. For example, the 
biomarker B-type natriuretic peptide  (BNP) is produced in 
response to pressure overload,16 whereas sST2 is released during 
chronic inflammation.17 The biomarker sST2 is a member of 
the IL-1 receptor family with both transmembrane (ST2L) and 
soluble (sST2) isoforms.18 The latter acts as a decoy receptor for 
IL-33, preventing the interaction between IL-33 and ST2L. In 
AS, increased diastolic load causes sST2 release from endothelial 
cells and cardiomyocytes,19 thereby leading to a proinflamma-
tory milieu.20 sST2 has demonstrated a prognostic value in the 
context of pulmonary hypertension.21 Our systematic review 
and meta-analysis demonstrates its value in predicting all-cause 
mortality for patients undergoing AVR. The cut-off value of 
sST2 used in the included studies ranged from 10 to 49 ng/mL 
with a mean value of 31 ng/mL. Interestingly, sST2 was shown 
to outperform BNP,12 possibly due to sST2 being less prone to 
haemodynamic fluctuations, in contrast to natriuretic peptides 
that are released with cardiac filling as well as increased wall 
stress. Moreover, since sST2 release is dependent on chronic 

Figure 1  Flow chart of the study selection process.

Table 1  Characteristics of the four studies included in this meta-analysis

First author/
year Population

Sample 
size (n)

Age 
(years) Male, n

Follow-up 
(months) Cut-off (ng/mL) Variables in multivariate model Ref

Schmid, 2017 TAVI 74 83 26 31 49 STS score, RA area 12

Stundl, 2017 TAVI 461 81 234 12 29 (development cohort);
33 (validation cohort)

LES, EuroSCORE II (ES II), STS-PROM, CRF, previous 
cardiac surgery, pulmonary hypertension, New York Heart 
Association class IV, NT-proBNP, LVEF

13

Wernly, 2017 TAVI 274 80 125 12 10 STS score, EuroSCORE, CRP, LVEDD, IDDM, LVEF, major 
vascular complication, TnT-I, sPAP, mean pressure gradient, 
6 min walk test

15

Lindman, 2015 AVR (TAVI 
and surgical)

345 78 194 23 33 Glomerular filtration rate, sex, diabetes mellitus, obstructive 
lung disease, New York Heart Association functional class 
(III/IV vs I/II), aortic mean gradient

14

AVR, aortic valve replacement; CRF, chronic renal failure; CRP, C-reactive protein; ES II, European System for Cardiac Operative Risk Evaluation II; IDDM, insulin-dependent diabetes mellitus; 
LES, logistic EuroSCORE; LVEDD, left ventricular end-diastolic volume; LVEF, left ventricular ejection fraction; NT-proBNP, N-terminal pro B-type natriuretic peptide; RA, right atrium; sPAP, 
systolic pulmonary arterial pressure; STS, Society of Thoracic Surgeons; STS-PROM, STS predicted risk of mortality; TAVI, transcatheter aortic valve implantation; TnT, troponin.
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inflammation, this may adversely affect outcomes in patients 
undergoing AVR.

Strengths and limitations
There are many strengths of this study. First, HRs from multi-
variate analysis were available from all of the included studies, 
reducing the likelihood of confounders. Second, heteroge-
neity was less than 50%, meaning that the fixed effects model 
was appropriate for pooling of the HRs. Nevertheless, several 

limitations should be acknowledged. For example, all but one 
of the included studies had a prospective design, meaning that 
certain types such as recall bias may be present. Some degree 
of heterogeneity was observed; this was likely due to a combi-
nation of the different methods of AVR (TAVI only vs TAVI 
or conventional surgery), follow-up duration, different cut-off 
values used and different variables included in multivariate anal-
ysis. Moreover, the use of different cut-off values may lead to 
different HRs. We had aimed to perform a subgroup analysis 

Figure 2  HRs for soluble suppression of tumorigenicity 2 (sST2) and all-cause mortality in patients undergoing aortic valve replacement.

Figure 3  Funnel plot of SE against the logarithm of the HR.

Figure 4  Sensitivity analysis using the leave-one-out method.
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based on the type of AVR (TAVI vs aortic valve surgery) but only 
one study included patients undergoing surgery. It was therefore 
not possible to conduct this subgroup analysis. Nevertheless, 
sensitivity analysis by excluding the Lindeman et al’s study that 
included both TAVI and aortic valve surgery patients14 did not 
significantly alter the pooled HR. Finally, the sample size of the 
included cohort was small.

sST2 has been used for predicting prognosis in a number of 
cardiovascular conditions and may provide incremental value 
for risk stratification. As the study population and inclusion 
criteria were prespecified to include patients undergoing AVR 
only, outcomes in these conditions were not examined. Further 
meta-analyses are needed to confirm whether sST2 also provides 
a prognostic value in these conditions.

Conclusion
sST2 significantly predicts all-cause mortality in patients who 
have undergone AVR, but this conclusion is limited by the small 
number of patients. Larger prospective studies are required to 
better elucidate its value for risk stratification in this patient 
population.

Key messages

What is already known about this subject?
►► Soluble suppression of tumorigenicity 2 (sST2) is associated 
with increased cardiovascular risk. Its prognostic value in 
patients undergoing aortic valve replacement has been 
examined in previous studies but to date, there has been no 
systematic evaluation of this biomarker.

What does this study add?
►► sST2 significantly predicts all-cause mortality in patients who 
have undergone aortic valve replacement.

How might this impact on clinical practice?
►► sST2 is a useful biomarker for predicting mortality in aortic 
valve replacement. It provides additional value for risk 
stratification but larger prospective studies are needed to 
confirm the relationship and its value as a biomarker.
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