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OBJECTIVES The aim of this study was to perform a meta-analysis of currently available data regarding the prognostic

significance of soluble suppression of tumorigenecity–2 (sST2) concentration in acute heart failure (AHF).

BACKGROUND Concentration of sST2 may have prognostic value in AHF. A comprehensive assessment of all available

studies regarding sST2 in AHF is lacking.

METHODS Three databases (MEDLINE, Cochrane Library, and Scopus) were searched. Inclusion criteria were follow-up

studies, papers published in English, enrollment of patients with AHF, and availability of median hazard ratios for

all-cause death and other outcome measures, when available.

RESULTS Ten studies were included, with a global population of 4,835 patients and a median follow-up duration

of 13.5 months. The following global hazard ratios calculated for log2(sST2) were admission sST2 and all-cause

death, 2.46 (95% confidence interval [CI]: 1.80 to 3.37; p < 0.001); discharge sST2 and all-cause death, 2.06

(95% CI: 1.37 to 3.11; p < 0.001); admission sST2 and cardiovascular death, 2.29 (95% CI: 1.41 to 3.73; p < 0.001);

discharge sST2 and cardiovascular death, 2.20 (95% CI: 1.48 to 3.25; p < 0.001); admission sST2 and heart

failure (HF) hospitalization, 1.21 (95% CI: 0.96 to 1.52; p ¼ 0.060); discharge sST2 and HF hospitalization,

1.54 (95% CI: 1.03 to 2.32; p ¼ 0.007); admission sST2 and all-cause death or HF hospitalization, 1.74 (95% CI:

1.24 to 2.45; p < 0.001); and discharge sST2 and all-cause death or HF hospitalization, 1.63 (95% CI: 1.14 to 2.33;

p < 0.001).

CONCLUSIONS Plasma sST2 has prognostic value with respect to all-cause and cardiovascular death as well as the

composite outcome of all-cause death or HF hospitalization, with both admission and discharge values having

prognostic efficacy. Discharge sST2, but not admission sST2, is predictive of HF rehospitalization during follow-up.

(J Am Coll Cardiol HF 2017;5:287–96) © 2017 by the American College of Cardiology Foundation.
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ABBR EV I A T I ON S

AND ACRONYMS

AHF = acute heart failure

CHF = chronic heart failure

CI = confidence interval

CV = cardiovascular

HF = heart failure

HR = hazard ratio

sST2 = soluble suppression of

tumorigenecity–2

ST2 = suppression of

tumorigenecity–2
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S oluble suppression of tumorigenecity–2
(sST2) is the circulating form of
the receptor for interleukin-33. A

membrane-bound form of the suppression
of tumorigenecity–2 (ST2) receptor is known
as ST2 ligand. The interaction between
interleukin-33 and ST2 ligand exerts anti-
inflammatory and antifibrotic effects in the
damaged heart; these effects are blunted
by sST2, which acts as a decoy receptor
for interleukin-33 (1). In 2003, increased
sST2 concentrations were first reported
in patients with chronic heart failure
(CHF) (2). Since then, sST2 has been extensively
studied in both acute heart failure (AHF) and CHF,
demonstrating substantial potential as a prognostic
biomarker in both settings (3–5). Additionally, sST2
appears somewhat unencumbered by many of the
issues limiting B-type natriuretic peptide or its
amino-terminal equivalent: unlike natriuretic pep-
tides, sST2 has a narrow range of biological variation,
and plasma concentrations of sST2 are less signifi-
cantly influenced by age, sex, body mass index, and
comorbidities (6).

Given potential advantages of sST2 as a biomarker
of prognosis in patients with AHF, an international
consensus panel on sST2 recognized the independent
prognostic value of sST2 with respect to the short-,
intermediate-, and long-term risk for major adverse
cardiovascular (CV) events, recommending the mea-
surement of plasma sST2 both at admission, for initial
risk assessment and triage, and at discharge, to
inform post-treatment decision making (4). In
contrast, the American College of Cardiology Foun-
dation and American Heart Association adopted a
more prudent approach in their guidelines, support-
ing sST2 measurement as an additive tool for risk
stratification in patients with AHF (Class IIb, Level of
Evidence: A); no indications are provided for the
modality of sampling (single or repeated) (7). No
specific recommendations on sST2 in AHF have been
provided by the most recent European Society of
Cardiology guidelines (8).

Because of discordant conclusions creating ambi-
guity, we believed it worthwhile to carefully examine
and meta-analyze evidence supporting the measure-
ment of sST2, to assess the prognostic role of this
s in clinical endpoint committees for Novartis, Amgen, Janssen,

at they have no relationships relevant to the contents of this pap

his paper.

received September 21, 2016; revised manuscript received Octob
biomarker in patients with heart failure (HF).
Following the first meta-analysis on sST2 confirming
its prognostic value in patients with stable CHF (9),
we have now performed a similar meta-analysis on
sST2 and prognosis in patients with AHF.

METHODS

DATA SOURCES, SEARCH STRATEGY, AND ELIGIBILITY

CRITERIA. Themeta-analysis was conducted according
to the Preferred Reporting Items for Systematic Re-
views and Meta-Analyses statement (10). In May 2016,
2 reviewers (A.A. and G.V.) independently searched
3 databases (MEDLINE, Cochrane Library, and Scopus).
The search terms, deliberately generic, were “ST2”
OR “sST2” AND “heart failure” OR “cardiac failure” OR
“cardiac dysfunction” OR “cardiac insufficiency”
OR “left ventricular dysfunction.”

The inclusion criteria were as follows: 1) follow-up
studies, including post hoc analyses of randomized
clinical trials; 2) papers in English; 3) enrollment of
patients with AHF (either de novo AHF or worsening
CHF requiring hospitalization); and 4) availability,
either from published papers or from the in-
vestigators, of median hazard ratios (HRs) for all-
cause death and possibly other outcome measures
(CV death, HF hospitalization, all-cause death, and
HF hospitalization) on univariate analysis.

The exclusion criteria were as follows: 1) sST2 not
considered independently but only as an element of a
prognostic score; and 2) studies of patients with end-
stage HF or with acute coronary syndromes.

When a study could not be included only because of
a lack of crude data on HRs and 95% confidence in-
tervals (CIs), a request was made to the corresponding
investigator of the study to provide the data.

The following data were extracted from each
study: first investigator’s last name, publication year,
country where the study was conducted, study
period, number of patients enrolled, follow-up dura-
tion, outcomes evaluated, and all demographic and
clinical baseline data provided. The outcomes to be
considered in the comprehensive analysis were
decided after selecting the studies according to the
aforementioned criteria. The data were extracted by a
reviewer (A.A.) and checked for accuracy by a second
reviewer (G.V.).
and Boehringer Ingelheim. All other authors have
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FIGURE 1 Flowchart of Study Selection

HF ¼ heart failure; HR ¼ hazard ratio; sST2 ¼ soluble suppression of tumorigenecity–2.
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STATISTICAL ANALYSIS. Statistical analysis was
performed using R version 3.2.3, metafor package (11).

The HRs for all-cause and CV death with the cor-
responding 95% CIs were recorded; in all cases, the
HRs were calculated for log2(sST2), so that the
reported HRs represented the risk per doubling of
sST2 (12). Because of the small study number, and the
consequent skewed distribution of HRs, log10 trans-
formation of HRs was performed (11). The summary
of effect size was estimated by using both the
fixed-effects model and the random-effects model.
These models rely on different assumptions (fixed-
effects model: same mean effect size, zero between-
study variance; random-effects model: different
mean effect size, between-study variance), and the
use of both has been recommended (11).

The summary of effect size enabled the calculation
of global log(HR) with its 95% CI. The z statistic was
used to evaluate the null hypothesis (that sST2 value
is not predictive of outcome). The corresponding
p value was calculated; a p value < 0.05 was consid-
ered to indicate statistical significance.

The heterogeneity analysis was compatible only
with the random-effects model. Because of the small
number of studies, the Cochran Q test was not used
(13). The following measures were calculated: s2 (the
estimated amount of total heterogeneity), s (the
square root of s2), I2 (total heterogeneity/total vari-
ability), H2 (total variability/sampling variability),
and H (the square root of H2); the 95% CI was calcu-
lated for all these measures.

Meta–regression analysis was performed to search
for population characteristics unevenly distributed
among studies, thus potentially contributing to the
different estimations of the predictive value of
sST2. Finally, funnel-plot analysis allowed us to
verify the presence of a “file-drawer problem”

(i.e., the lack of publication of studies with negative
results). The “trim-and-fill” method was used to
estimate the number of supposedly unpublished
studies (11).

RESULTS

SEARCH AND STUDY SELECTION. The search pro-
cess is summarized in Figure 1. Ten studies were
finally included (14–23), with a final population of
4,835 patients. The main patients’ characteristics are
summarized in Table 1. The HRs relative to sST2
values either at admission or at discharge during the
index hospitalization were considered. Table 2
shows the HRs for the different outcomes of all-
cause death, CV death, HF hospitalization, and
all-cause death or HF hospitalization. All HRs given
in the following paragraph were calculated using the
random-effects model; the corresponding results
obtained using the fixed-effects model are reported
in Online Table 1.

SUMMARY OF EFFECT SIZE. Admiss ion sST2 and
al l -cause death . The global log(HR) was 0.39 (95%
CI: 0.25 to 0.53) (Figure 2A), and the global HR was
2.46 (95% CI: 1.80 to 3.37). The z value was 5.63
(p < 0.001). When excluding the study by Zhang
et al. (23), for which only cumulative data on all-
cause death and heart transplantation were avail-
able, the HR was nearly unchanged at 2.42 (95% CI:
1.65 to 3.56) (p < 0.001).
Discharge sST2 and al l -cause death . The global
log(HR) was 0.31 (95% CI: 0.14 to 0.49) (Figure 2B),
and the global HR was 2.06 (95% CI: 1.37 to 3.11). The
z value was 3.45 (p < 0.001). When excluding the

http://dx.doi.org/10.1016/j.jchf.2016.12.016


TABLE 1 Main Features of Study Populations

First Author (Year) (Ref. #)
Original Study

Publication Year
Patients,

n
Age, Mean/
Median, yrs Men, % Assay

Worsening
CHF vs. De Novo

AHF, %
LVEF, Mean/
Median, % CAD, %

Breidthardt (2013) (14) 2013 207 80 57 Presage 50-50 40 48

Frioes (2015) (15) 2015 195 75 49 R&D 88-12 NA 43

Gandhi (2014) (16) 2014 39 72 74 Presage 80-20 57 65

Lassus (2013) (17) 2013 728 69 65 Presage 55-45 45 49

Llibre (2016) (18) 2016 182 76 54 Presage 64-36 42 35

Maisel (2014) (19) 2008 534 71 61 Presage NA 33 66

Pascual-Figal (2011) (20) 2011 107 72 56 Presage 59-41 47 34

Sanders-van Wijk (2015) (21) 2009 457 77 61 Presage NA 35 53

Tang (2016) (22) 2011 858 66 68 Presage NA 26 60

Zhang (2014) (23) 2014 1,528 58 70 Presage 77-23 40 47

TABLE 1 Continued

First Author (Year) (Ref. #)
SBP, Mean/

Median, mm Hg

Basal Heart Rate,
Mean/Median,
beats/min

Basal Creatinine,
Mean/Median,

mg/dl

Follow-Up
Duration,

days

All-Cause Deaths,
n (% of Entire
Population)

CV Deaths,
n (% of All-Cause

Deaths)

HF
Hospitalization,

n

All-Cause
Death or HF

Hospitalization, n

Breidthardt (2013) (14) 137 86 1.2 368 69 (33.3) 51 (73.9) 41 99

Frioes (2015) (15) 130 NA NA 180 29 (14.9) 22 (75.9) 50 66

Gandhi (2014) (16) 144 82 1.2 365 11 (28.2) 8 (72.7) 17 23

Lassus (2013) (17) 140 84 1.0 365 200 (27.5) NA NA NA

Llibre (2016) (18) NA NA 1.2 365 23 (12.6) 22 (95.7) 23 41

Maisel (2014) (19) 119 74 1.3 545 160 (30.0) NA 148 240

Pascual-Figal (2011) (20) 150 101 1.2 739 29 (27.1) 17 (58.9) 43 60

Sanders-van Wijk (2015) (21) 122 76 1.2 540 186 (40.7) 137 (73.7) 153 243

Tang (2016) (22) 127 80 1.4 30/180 97 (11.3) NA NA 99

Zhang (2014) (23) 119 78 1.0 573 300 (19.6) NA NA NA

Characteristics from analyzed studies are provided. All studies used the Presage assay except for Frioes et al. (15), who used the R&D Systems assay. The sources of significant heterogeneity in
the assessment of the predictive value of sST2 (prevalence of hypertension and HF drugs) are reported; LVEF, SBP, and creatinine values are reported as either mean or median (in italics),
according to the way in which these data were reported in the studies. The number of all-cause deaths, CV deaths, hospitalizations for HF, and all-cause deaths or HF hospitalizations are also
provided. In the study by Lassus et al. (17), among the 5,306 subjects included in the original study, only 728 had sST2 measured at admission; only this subgroup was considered for the
present analysis. In the cohort of Sanders-van Wijk et al. (21), only patients with AHF were included. In the study by Maisel et al. (19), the hazard ratio was computed on a longer follow-up
duration (median: 545 days) than in the original study (30 days). Finally, in the study by Tang et al. (22), different follow-up durations were considered for all-cause death (97 events over 180
days) and all-cause death or hospitalization (99 events over 30 days).

AHF ¼ acute heart failure; CAD ¼ coronary artery disease; CHF ¼ chronic heart failure; CV ¼ cardiovascular; HF ¼ heart failure; LVEF ¼ left ventricular ejection fraction; NA ¼ data not available;
SBP ¼ systolic blood pressure; sST2 ¼ soluble suppression of tumorigenicity–2.
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study not using the Presage assay (15), the HR was
1.98 (95% CI: 1.19 to 3.29), which was still significant
(p < 0.001).

Admiss ion sST2 and CV death . The global log(HR)
was 0.36 (95% CI: 0.15 to 0.57) (Figure 3A); the global
HR was 2.29 (95% CI: 1.41 to 3.73). The z value was
3.45 (p < 0.001).

Discharge sST2 and CV death . The global log(HR)
was 0.34 (95% CI: 0.17 to 0.51) (Figure 3B), and the
global HR was 2.20 (95% CI: 1.48 to 3.25). The z value
was 3.94 (p < 0.001). When excluding the study not
using the Presage assay (15), the HR remained robust
at 1.98 (95% CI: 1.19 to 3.29) (p < 0.001).
Admiss ion sST2 and HF hosp i ta l i zat ion . The
global log(HR) was 0.08 (95% CI: �0.02 to 0.18)
(Figure 4A); the global HR was 1.21 (95% CI: 0.96 to
1.52). The z value was 1.59, and the null hypothesis
was retained (p ¼ 0.060).
Discharge sST2 and HF hosp i ta l i za t ion . The
global log(HR) was 0.19 (95% CI: 0.01 to 0.37)
(Figure 4B); the global HR was 1.54 (95% CI: 1.03 to
2.32). The z valuewas 2.09 (p¼0.007).When excluding
the study not using the Presage assay (15), the HR was
1.66 (95% CI: 0.82 to 3.39) (p ¼ 0.085).

Admiss ion sST2 and al l -cause death or HF
hosp i ta l i zat ion . The global log(HR) was 0.24 (95%
CI: 0.09 to 0.39) (Figure 5A); the global HR was
1.74 (95% CI: 1.24 to 2.45). The z value was 3.19
(p < 0.001).

Discharge sST2 and al l -cause death or HF
hosp i ta l i zat ion . The global log(HR) was 0.21 (95%
CI: 0.06 to 0.37) (Figure 5B); the global HR was 1.63
(95% CI: 1.14 to 2.33). The z value was 2.68 (p < 0.001).
When excluding the study not using the Presage
assay (15), the HR decreased to 1.69 (95% CI: 0.95 to
2.99) (p ¼ 0.070).



TABLE 2 Prognostic Role of Soluble Suppression of Tumorigenecity–2 in Acute Heart Failure

First Author (Year) (Ref. #)

sST2 All-Cause Death

Admission Discharge Admission sST2 Discharge sST2

Breidthardt (2013) (14) 78.0 (46.0–121.0) NA 3.71 (2.31–5.94) 3.84 (2.08–7.06)

Frioes (2015) (15) NA NA NA 2.58 (1.69–3.93)

Gandhi (2014) (16) 97.0 (75.0–142.0) NA 4.23 (1.05–19.5) NA

Lassus (2013) (17) 75.3 (43.9–121.2) NA 4.16 (2.84–6.08) NA

Llibre (2016) (18) 59.0 (IR NA) 36.6 (IR NA) 1.58 (1.12–2.24) 2.94 (1.27–6.76)

Maisel (2014) (19) NA NA NA 1.29 (1.10–1.50)

Pascual-Figal (2011) (20) 63.0 (40.3–106.3) NA 2.00 (1.37–2.91) NA

Sanders-van Wijk (2015) (21) NA 36.1 (26.2–52.7) NA 1.51 (1.31–1.76)

Tang (2016) (22) NA NA 1.62 (1.31–2.01) NA

Zhang (2014) (23) 37.1 (25.2–55.7) NA 2.73 (2.42–3.07) NA

First Author (Year) (Ref. #)

CV Death HF Hospitalization All-Cause Death/HF Hospitalization

Admission sST2 Discharge sST2 Admission sST2 Discharge sST2 Admission sST2 Discharge sST2

Breidthardt (2013) (14) 3.73 (2.18–6.36) NA 1.55 (0.85–2.82) NA 2.56 (1.74–3.74) NA

Frioes (2015) (15) NA 3.14 (1.89–5.22) NA 1.53 (1.14–2.05) NA 1.69 (1.31–2.18)

Gandhi (2014) (16) 3.96 (0.91–12.6) NA NA NA 4.36 (1.80–10.50) NA

Lassus (2013) (17) NA NA NA NA NA NA

Llibre (2016) (18) 1.48 (1.01–2.18) 3.66 (1.51–8.89) 1.34 (0.91–1.97) 4.08 (1.79–9.32) 1.44 (1.08–1.91) 3.47 (1.82–6.64)

Maisel (2014) (19) NA NA NA NA NA 1.16 (1.02–1.31)

Pascual-Figal (2011) (20) 1.94 (1.19–3.17) 1.94 (1.19–3.17) 1.04 (0.76–1.43) 1.04 (0.76–1.43) 1.31 (1.01–1.70) NA

Sanders-van Wijk (2015) (21) NA 1.57 (1.32–1.87) NA 1.41 (1.17–1.71) NA 1.48 (1.27–1.72)

Tang (2016) (22) NA NA NA NA 1.37 (1.10–1.71) NA

Zhang (2014) (23) NA NA NA NA NA NA

Values are hazard ratio (95% confidence interval). In the study by Zhang et al. (23), the HR was calculated for all-cause death and heart transplantation.

Abbreviations as in Table 1.

TABLE 2 Continued
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META–REGRESSION ANALYSIS AND ASSESSMENT

OF PUBLICATION BIAS. These analyses were per-
formed for the endpoint of all-cause death with
respect to sST2 concentration at either admission or
discharge. Of the available data, 7 and 5 studies,
respectively, reported HRs for these endpoints,
whereas 4 or 3 studies provided HRs for all other
outcome measures (for details, see Table 2).

Admiss ion sST2 and al l - cause death . The
following measures of heterogeneity were calculated
with the random-effects model: tau2 ¼ mean 0.03
(95% CI 0.01 to 0.15); tau ¼ 0.16 (0.08-0.39);
I2 ¼ 86.54% (60.89% to 97.50%); H2 ¼ 7.43 (2.56
to 40.05); H 2.73 (1.60 to 6.33). The values of H
(significant heterogeneity when the CI lower limit
is >1) and I2 (86.54%; high heterogeneity when
>75%) suggested significant heterogeneity among
studies (11), which was confirmed by the dispersion
of studies in the forest plot (Figure 2A). The
discrepancy between the HRs calculated using the
fixed-effects and random-effects models further
confirmed the heterogeneity among studies; in turn,
such heterogeneity justified the preferential consid-
eration of HRs calculated using the random-effects
model (24). On jackknife analysis, the study by
Zhang et al. (23) was the main contributor to the
global HR, and the exclusion of each study changed
the overall HR. All population variables reported in
at least 5 studies were considered as potential sour-
ces of heterogeneity: publication year of the original
study, age, gender, left ventricular ejection fraction,
type of acute HF (i.e., de novo HF or worsening
chronic HF), systolic blood pressure, basal heart rate,
coronary artery disease, basal creatinine, hemoglo-
bin, hypertension, diabetes, NT-proBNP and sST2
at admission, angiotensin-converting enzyme
inhibitors/angiotensin receptor blockers or diuretics
at admission, follow-up duration (days). Only baseline
creatinine emerged as a significant source of hetero-
geneity. Finally, funnel-plot analysis (fixed-effects
model) did not show evidence of a publication bias
(Online Figure 1A).

Discharge sST2 and al l -cause death . Significant
heterogeneity among studies was detected, as visually
represented in Figure 2B. The study by Llibre et al. (18)
was the main contributor to the global HR, and the
exclusion of each study changed the estimate of the
predictive value of sST2. Population characteristics

http://dx.doi.org/10.1016/j.jchf.2016.12.016


FIGURE 2 Risk for All-Cause Death

Admission (A) and discharge soluble suppression of tumorigenicity–2 (B) Forest-plot analysis. Hazard ratios and the corresponding 95% confidence intervals are re-

ported. Log10 values are provided (0 ¼ no prognostic value). RE ¼ random-effects; sST2 ¼ soluble suppression of tumorigenicity–2.

FIGURE 3 Risk for Cardiovascular Death

Admission (A) and discharge soluble suppression of tumorigenicity–2 (B) Forest-plot analysis. Hazard ratios and the corresponding 95% confidence intervals are re-

ported. Log10 values are provided (0 ¼ no prognostic value). CV ¼ cardiovascular; other abbreviations as in Figures 1 and 2.
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FIGURE 4 Risk for Heart Failure Hospitalization

Admission (A) and discharge soluble suppression of Tumorigenicity–2 (B). Forest-plot analysis. Hazard ratios and the corresponding 95% confidence intervals are

reported. Log10 values are provided (0 ¼ no prognostic value). Abbreviations as in Figures 1 and 2.
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reported in at least 4 studies were considered. The
following variables emerged as significant sources of
heterogeneity: publication year of the original study,
left ventricular ejection fraction, systolic blood
FIGURE 5 Risk for All-Cause Death or Heart Failure Hospitalization

Admission (A) and discharge soluble suppression of Tumorigenicity–2 (B

reported. Log10 values are provided (0 ¼ no prognostic value). Abbrevi
pressure, basal heart rate, coronary artery disease, and
follow-up duration. Funnel-plot analysis suggested a
publication bias, with 2 apparently missing studies on
the left side (p < 0.001) (Online Figure 1B).
). Forest-plot analysis. Hazard ratios and the corresponding 95% confidence intervals are

ations as in Figures 1 and 2.

http://dx.doi.org/10.1016/j.jchf.2016.12.016
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DISCUSSION

In the present meta-analysis of 10 studies of the
predictive value of sST2 in patients with AHF
(assessing a total of 4,835 patients over a median 13.5-
month follow-up period), concentration of sST2
assayed either at admission or at discharge was pre-
dictive of all-cause death, CV death, and the com-
posite outcome of all-cause death or HF
hospitalization. Additionally, discharge sST2 con-
centration was predictive of HF hospitalization dur-
ing follow-up. Our findings lend robust meta-analytic
support to the value of sST2 as a prognostic biomarker
in patients with AHF. Notably, although admission
values were prognostic, the finding that discharge
sST2 concentration predicts HF hospitalization is
important, as few other biomarkers achieve this goal
(25,26).

In vitro studies have identified stretch-induced
secretion of sST2 from cardiac myofibroblasts
(2,27,28); this mechanism, which mirrors that of
natriuretic peptide production and secretion, could
be elicited by fluid overload and increase in ventric-
ular pressures, which are typical of the presenting
phase of AHF. As mentioned, sST2 acts as a decoy
receptor for interleukin-33, whose binding with ST2
ligand exerts anti-inflammatory and antifibrotic ef-
fects in the damaged heart (1,4). Elevation of sST2
concentrations likely reflects activation of this
pathway, but sST2 release has also other recognized
triggers, such as local or systemic inflammation (dis-
ease settings in which sST2 has an established pre-
dictive value for all-cause mortality) (29,30).

In a previous meta-analysis, we demonstrated a
prognostic role for sST2 in patients with stable CHF
with regard to all-cause death (median HR: 1.76) and
CV death (HR: 1.79) (9). The corresponding HRs for
these outcomes are higher in the present analysis of
AHF, when considering both admission and discharge
values. Median sST2 levels at admission for AHF are
markedly higher than in patients with CHF in stable
condition, consistent with the theory that sST2 con-
centration reflects chronic CV damage during clinical
stability, whereas in acute settings, sST2 indicates
such damage plus acute CV stress. Our data should
not imply that sST2 is more meaningful for prognostic
value in patients with AHF, however, and great care
should be taken when comparing the results of the
present and the previous meta-analyses. For
example, median follow-up duration was double in
stable CHF than in AHF (27.0 months vs. 13.5
months), and the prognostic efficacy of biomarkers
generally decreases over longer follow-up periods
(25); furthermore, higher HRs in AHF than in stable
CHF could simply reflect lower sample sizes in studies
of AHF; HR estimates are often greater in smaller
study populations (29).

STUDY LIMITATIONS. By design, our analysis does
not allow us to demonstrate the superiority of sST2
compared with other proposed biomarkers of AHF,
such as midregional proadrenomedullin, highly sen-
sitive troponin, growth differentiation factor-15, or
copeptin (25), nor did we examine the incremental
prognostic value of sST2 over established risk factors.
Furthermore, although we are providing the first
meta-analysis of sST2 in AHF, more data are needed
regarding the integrative clinical value of sST2 rela-
tive to natriuretic peptides or risk scores for the
optimal care of patients with HF. A degree of het-
erogeneity among studies was found, but the various
studies reported different population characteristics,
thus hindering a thorough assessment of the sources
of heterogeneity; small sample sizes of several
studies represented another potential problem for
this analysis (30). Furthermore, the studies consid-
ered different endpoints, and only 1 study (18) pro-
vided sST2 values at both admission and discharge. It
would have been interesting to assess the absolute
changes in sST2 during the index hospitalization. In a
small study (which could not be included in the
present analysis because of a lack of HR values),
percentage change in sST2 from admission to
discharge was predictive of 90-day mortality; pa-
tients whose sST2 values decreased by 15.5% or more
during the study period had a 7% chance of death,
whereas those whose sST2 levels failed to decrease
by 15.5% in this time interval had a 33% chance of
dying (31). Similar findings were reported by Breid-
thardt et al. (14), who found that the percentage
change of sST2 over the first 48 hours significantly
predicted long-term mortality in univariate analysis
and after adjustment for several clinical risk
factors. Finally, by study design, we did not include
studies considering mixed population (all [32–36] but
1 [37] enrolling patients with acute dyspnea), but
patients with HF from 2 studies (35,36) were included
because they had sST2 determined with the Presage
assay and had been included in the study by Lassus
et al. (17).

CONCLUSIONS

The present meta-analysis provides a demonstration
of sST2 efficacy in the prediction of clinically mean-
ingful outcomes in patients with AHF. These findings
support current American College of Cardiology
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TRANSLATIONAL OUTLOOK: By its nature, this work has no

clear “bench-to-bedside” applications. Of note, several aspects

of sST2 biology remain incompletely understood, thus providing

interesting perspectives for translational research.
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Foundation and American Heart Association recom-
mendation on sST2 assay for risk stratification of
patients with AHF (7). Further studies should
establish the optimal timing of sST2 sampling
and, most important, assess whether specific action
in response to the prognostic information conveyed
by sST2 indeed improves patient status and
outcomes.

ADDRESS FOR CORRESPONDENCE: Dr. Alberto
Aimo, Scuola Superiore Sant’Anna, Piazza Martiri
della Libertà, 33, 56127 Pisa, Italy. E-mail:
albertoaimo@libero.it.
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