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BACKGROUND: The soluble isoform of the interleukin-1
receptor family member ST2 (sST2) has been impli-
cated in heart failure. The aim of the present study
was to evaluate the capability of sST2 as a prognostic
marker in patients with acute destabilized heart failure.

METHODS: sST2 plasma concentrations were obtained
in 137 patients with acute destabilized heart failure at-
tending the emergency department of a tertiary care
hospital. The endpoint was defined as all-cause mortal-
ity, and the study participants were followed up for 365
days.

RESULTS: Of the 137 patients enrolled, 41 died and 96
survived during follow-up. At baseline the median
sST2 plasma concentration was significantly higher in
the patients who died than in those who survived (870
vs 342 ng/L, P �0.001). Kaplan-Meier curve analyses
demonstrated that the risk ratios for mortality were
2.45 (95% CI, 0.88 – 6.31; P � 0.086) and 6.63 (95% CI,
2.55–10.89; P �0.001) in the second tercile (sST2,
300 –700 ng/L; 11 deaths vs 34 survivors) and third ter-
cile (sST2, �700 ng/L; 25 deaths vs 21 survivors) of
sST2 plasma concentrations compared with the first
tercile (sST2, �300 ng/L; 5 deaths vs 41 survivors). In
multivariable Cox proportional-hazards regression
analyses, an sST2 plasma concentration in the upper
tercile was a strong and independent predictor of all-
cause mortality.

CONCLUSIONS: Increased sST2 concentrations deter-
mined in plasma samples drawn from patients with
acute destabilized heart failure at their initial presenta-
tion indicate increased risk of future mortality. In-

creased sST2 plasma concentrations are independently
and strongly associated with one-year all-cause mortal-
ity in these patients.

ST2 is an interleukin-1 receptor family member with
transmembrane (ST2L) and soluble (sST2) isoforms
(1 ). In the Human Gene Nomenclature Database
the approved symbol for ST2 is IL1RL1 (interleukin-1
receptor-like-1). The human IL1RL1 gene was found to
be located on chromosome 2 (2 ). ST2L and sST2 are
produced by alternative promoter splicing and 3� pro-
cessing (3 ). ST2L is a membrane-bound isoform with
3 extracellular IgG domains, a single transmembrane
domain, and an intracellular domain. sST2 lacks the
transmembrane and intracellular domains (1 ). Cur-
rently, the pathophysiological role of ST2L is not
fully understood, although interleukin-33 has previ-
ously been identified as a functional ligand of ST2L (4 ).
In addition to proposed functions in several tissues,
interleukin-33/ST2L signaling has recently been dem-
onstrated to function in a crucial cardioprotective
mechanism that protects the myocardium under me-
chanical overload (5 ). This finding is probably related
to observations that increases of circulating sST2 pre-
dict worse prognosis in patients with chronic heart fail-
ure and those with acute myocardial infarction (6, 7 ).
In the present work we aimed to show that increased
plasma concentrations of sST2 are predictive for 1-year
mortality in patients with acute destabilized heart
failure.

Recently, we demonstrated that increased plasma
concentrations of B-type natriuretic peptide (BNP), mid-
regional pro-A-type natriuretic peptide (MR-proANP),
midregional proadrenomedullin (MR-proADM), and
the C-terminal part of the arginine vasopressin pro-
hormone (Copeptin) were predictive for 1-year mortality
in 137 consecutive patients with symptomatic acute de-
stabilized heart failure who were treated at the emergency
department of a tertiary care hospital (8). As a post hoc
analysis, we used this cohort to evaluate the usefulness of
sST2 as a prognostic marker in acute destabilized heart
failure. Comprehensive information on the demographic
and clinical characteristics of the study participants is
given in the previous publication on this study cohort (8).
The endpoint of our follow-up investigation was defined
as all-cause mortality, and the study participants were fol-
lowed up for 365 days from the time they presented to the
emergency department.

During initial patient examination in our emer-
gency department blood samples were collected for
measurement of BNP concentrations and were ana-
lyzed within the next 4 hours by a commercially avail-
able assay on an AxSYM analyzer (Abbott Laborato-
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ries). Aliquots of these EDTA-plasma samples were
stored at �80 °C for further analyses. One aliquot of
plasma from each patient was used for determination
of MR-proANP, MR-proADM, and Copeptin by
commercially available immunoluminometric assays
(B.R.A.H.M.S AG) as previously described (8 ). An-
other aliquot of plasma from each patient was used for
determination of sST2 plasma concentrations (i.e., in
these samples there was no freeze and thaw cycle before
the sST2 measurements). Regarding the stability of
sST2 in frozen plasma samples, a �95% mean recovery
of sST2 has been reported compared to correlative
fresh samples across sST2 concentrations ranging
from 20 ng/L to �10 000 ng/L (James L. Januzzi, per-
sonal communication, November 12, 2007). sST2
measurement was fully-automated on a BEP® 2000 in-
strument (Dade Behring) with a previously described
sandwich double monoclonal antibody ELISA method
(Medical&Biological Laboratories) (7 ). All 137 plasma
samples were measured in 1 batch approximately 3
years after blood collection in a blinded fashion to clin-
ical features and biochemical data.

To evaluate the precision of the sST2 assay in our
laboratory, we performed a replication study accord-
ing to the Clinical and Laboratory Standards Institute
(CLSI) guideline EP5-A (9 ). Two pooled patient
plasma samples (aliquoted into twenty 1.5-mL plastic
tubes and frozen at �80 °C) were used for the experi-
ment. We analyzed these samples in duplicate in 1 run
per day for 20 days on the BEP® 2000 instrument.
Within-run and total imprecision (CV) were calcu-
lated with the CLSI single-run precision evaluation test
(9 ). The sST2 assay had a within-run CV of 5.5% and a
total CV of 13% at a mean concentration of 80 ng/L,
and a within-run CV of 3.7% and a total CV of 7.4% at
a mean concentration of 157 ng/L. The manufacturer
of the sST2 assay (Medical&Biological Laboratories)
claims a limit of detection of 32 ng/L.

Using test results of 100 plasma donors, we calcu-
lated reference values for sST2 by using a nonpara-
metric percentile method (95%, double-sided). In
this sample, the reference intervals for sST2 were 0 –
168 ng/L (in 83 of the 100 plasma donors sST2 plasma
concentrations �32 ng/L were obtained).

We analyzed our data with the SPSS 13.0 software
(SPSS Inc.) and the MedCalc 8.0.0.0 package (MedCalc
Software). All probabilities were 2 tailed, and P values
�0.05 were regarded as significant. Univariate com-
parisons between the patients who died and those who
survived were performed with the �2 test for categorical
variables and with the nonparametric Mann–Whitney
U-test for continuous variables. We used the Spearman
coefficient of rank correlation (rs) to assess the rela-
tionship of sST2 concentrations with other variables.
The whole study population of 137 patients with acute

destabilized heart failure was then stratified according
to terciles for sST2 concentrations. Using the tercile
approach, we computed Kaplan-Meier estimates of
the distribution of times from baseline to death, and
we performed log-rank tests to compare the sur-
vival curves between the groups. Furthermore, Cox
proportional-hazards regression was used to analyze
the effect of several confounding risk factors on sur-
vival. In Cox proportional-hazards regression analyses
the biochemical markers sST2, BNP, MR-proANP,
MR-proADM, and Copeptin were dichotomized ac-
cording to the plasma concentrations dividing the sec-
ond and third terciles (i.e., third terciles vs first and
second terciles for each marker).

Of the 137 patients with acute destabilized heart
failure, 41 died and 96 survived within 365 days from
the time of study enrollment. The median survival of
the patients who died during follow-up was 108 days
(range 3–342 days). At baseline the median sST2
plasma concentration was significantly higher in the
patients who died than in those who survived (870 vs
342 ng/L, P �0.001). The complete baseline patient
characteristics for the survivors and nonsurvivors have
been described previously (8 ) (condensed data are
listed in Supplemental Table 1 in the Data Supplement
that accompanies the online version of this Brief
Communication at http://www.clinchem.org/content/
vol54/issue4).

Associations of sST2 vs BNP [rs, 0.317; 95% CI,
0.157– 0.460; P �0.001], MR-proANP (rs, 0.310; 95%
CI, 0.150 – 0.454; P �0.001), MR-proADM (rs, 0.537;

Fig. 1. Kaplan-Meier plot showing survival in 137
patients with acute destabilized heart failure who
were stratified into 3 groups according to plasma
sST2 concentration terciles at baseline (first tercile
<300 ng/L, n � 46, solid line; second tercile 300–
700 ng/L, n � 45, dashed line; and third tercile >700
ng/L, n � 46, dotted line).
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Table 1. Results of Cox proportional-hazards regression analyzing the effect of baseline variables on all-cause
mortality.

Baseline variables Risk ratio (95% CI) P

Univariate Cox regression analyses

sST2 (�700 ng/L) 3.94 (2.11–7.37) �0.001

BNP (�1250 ng/L) 3.22 (1.74–5.96) �0.001

MR-proANP (�460 pmol/L) 3.73 (2.01–6.93) �0.001

MR-proADM (�1.23 nmol/L) 3.29 (1.78–6.09) �0.001

Copeptin (�45 pmol/L) 3.38 (1.83–6.25) �0.001

Advanced age (�75 years) 1.65 (0.88–3.10) 0.124

Low systolic systolic BPa (�115 mmHg) 2.38 (1.27–4.45) 0.007

Renal dysfunction (eGFR �60 mL/min) 2.64 (1.43–4.89) 0.002

Systolic dysfunction (LVEF �50%) 2.51 (0.78–8.10) 0.124

NYHA classes III/IV 2.33 (1.17–4.64) 0.016

Multivariable Cox regression model including sST2b

sST2 (�700 ng/L) 3.39 (1.78–6.43) �0.001

Advanced age (�75 years) 1.64 (0.77–3.53) 0.204

Low systolic systolic BP (�115 mmHg) 2.09 (1.03–4.26) 0.043

Renal dysfunction (eGFR �60 mL/min) 1.68 (0.82–3.42) 0.157

Systolic dysfunction (LVEF �50%) 1.38 (0.40–4.76) 0.610

NYHA classes III/IV 1.23 (0.58–2.61) 0.584

Multivariable Cox regression model including sST2 and BNPb

sST2 (�700 ng/L) 3.26 (1.71–6.24) �0.001

BNP (�1250 ng/L) 3.21 (1.52–6.79) 0.002

Advanced age (�75 years) 2.13 (0.96–4.73) 0.062

Low systolic systolic BP (�115 mmHg) 2.36 (1.13–4.90) 0.022

Renal dysfunction (eGFR �60 mL/min) 1.68 (0.82–3.43) 0.155

Systolic dysfunction (LVEF �50%) 1.17 (0.34–4.07) 0.807

NYHA classes III/IV 0.70 (0.29–1.66) 0.414

Multivariable Cox regression model including sST2 and MR-proANPb

sST2 (�700 ng/L) 3.62 (1.87–7.02) �0.001

MR-proANP (�460 pmol/L) 2.95 (1.49–5.84) 0.002

Advanced age (�75 years) 1.52 (0.72–3.18) 0.272

Low systolic systolic BP (�115 mmHg) 2.42 (1.20–4.88) 0.014

Renal dysfunction (eGFR �60 mL/min) 1.39 (0.69–2.79) 0.352

Systolic dysfunction (LVEF �50%) 1.22 (0.35–4.24) 0.760

NYHA classes III/IV 0.86 (0.39–1.90) 0.712

Multivariable Cox regression model including sST2 and MR-proADMb

sST2 (�700 ng/L) 3.17 (1.60–6.28) 0.001

MR-proADM (�1.23 nmol/L) 1.28 (0.54–3.03) 0.573

Advanced age (�75 years) 1.63 (0.76–3.49) 0.212

Low systolic systolic BP (�115 mmHg) 2.08 (1.02–4.25) 0.044

Renal dysfunction (eGFR �60 mL/min) 1.46 (0.62–3.46) 0.391

Systolic dysfunction (LVEF �50%) 1.34 (0.38–4.68) 0.648

NYHA classes III/IV 1.20 (0.56–2.56) 0.642

Continued on page 755
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95% CI, 0.406 – 0.646; P �0.001), Copeptin (rs, 0.442;
95% CI, 0.296 – 0.567; P �0.001), estimated glom-
erular filtration rate (rs, �0.231; 95% CI, �0.384 to
�0.066; P � 0.007), patient age (rs, �0.035; 95% CI,
�0.202– 0.133; P � 0.682), and body mass index (rs,
�0.116; 95% CI, �0.279 – 0.052; P � 0.174), respec-
tively are depicted in Supplemental Fig. 1, A–G in the
online Data Supplement.

Fig. 1 shows the Kaplan-Meier curves of the 137
patients with acute destabilized heart failure who were
stratified into 3 groups according to terciles of sST2 at
baseline. Mortality was significantly higher in patients
with increased baseline sST2 plasma concentrations
(log-rank test for trend, P �0.001). The risk ratios for
mortality were 2.45 (95% CI, 0.88 – 6.31; P � 0.086)
and 6.63 (95% CI, 2.55–10.89; P �0.001) in the second
tercile (sST2, 300 –700 ng/L; 11 deaths vs 34 survivors)
and third tercile (sST2, �700 ng/L; 25 deaths vs 21
survivors) of sST2 plasma concentrations compared
with the first tercile (sST2, �300 ng/L; 5 deaths vs 41
survivors).

The results of Cox proportional-hazards regres-
sion analyses are given in Table 1. As detailed, in uni-
variate analysis an sST2 concentration �700 ng/L
displayed a significant risk ratio. In multivariable
Cox proportional-hazards regression analyses, an sST2
plasma concentration in the upper tercile was a strong
and independent predictor of all-cause mortality.

The main finding of the present post hoc analysis is
that increased concentrations of sST2 determined in
plasma samples drawn from patients with acute de-
stabilized heart failure at their initial presentation in-
dicate an increased risk of future mortality. Plasma
concentrations of sST2 �700 ng/L predicted 1-year

all-cause mortality independently of other possible
confounders in our cohort. These findings are in line
with results on circulating sST2 concentrations in pa-
tients with acute dyspnea very recently reported by
Januzzi and colleagues (10 ). In a subgroup analysis of
their cohort, these authors found that increased sST2
concentrations were highly predictive for 1-year mor-
tality among patients with acute heart failure (for direct
comparison of these data and ours, Kaplan-Meier
curve analysis of our cohort using Januzzi et al.’s cutoff
value is shown in Supplemental Fig. 2 in the online
Data Supplement). Thus, taken together the findings of
Januzzi et al. and our findings support the conclusion
that sST2 concentration (determined at the time of pa-
tient presentation in an emergency department) seems
to be an excellent marker for risk stratification in pa-
tients with acute destabilized heart failure.

We acknowledge that the present study was a post
hoc evaluation of the prognostic capability of sST2
plasma concentrations. In addition, we are not able to
provide data on whether sST2 decreases in response to
adequate heart failure therapy or on whether a bio-
chemical response of sST2 to therapy would modify
prognosis in these patients. Therefore, further prospec-
tively planned and adequately powered studies are
necessary to clarify whether sST2 can be used for prog-
nostic purposes in heart failure patients or whether
there might be an additional value for a strategy based
on a combination of sST2 and other biochemical
markers (e.g., BNP or amino-terminal proBNP) and
also to demonstrate that adequate therapy in heart
failure patients will have any impact on circulating
sST2 concentrations. Furthermore, before sST2 mea-
surements can be introduced into clinical practice

Table 1. Results of Cox proportional-hazards regression analyzing the effect of baseline variables on all-cause
mortality. (Continued from page 754)

Baseline variables Risk ratio (95% CI) P

Multivariable Cox regression model including sST2 and Copeptinb

sST2 (�700 ng/L) 3.11 (1.62–5.95) 0.001

Copeptin (�45 pmol/L) 1.81 (0.91–3.61) 0.092

Advanced age (�75 years) 1.64 (0.78–3.47) 0.194

Low systolic systolic BP (�115 mmHg) 2.11 (1.03–4.35) 0.043

Renal dysfunction (eGFR �60 mL/min) 1.42 (0.69–2.93) 0.346

Systolic dysfunction (LVEF �50%) 1.21 (0.34–4.25) 0.772

NYHA classes III/IV 1.12 (0.53–2.39) 0.761

a BP, blood pressure; eGFR, estimated glomerular filtration rate; LVEF, left ventricular ejection fraction; NYHA, New York Heart Association.
b In all 5 statistical models, multivariable risk ratios were calculated by Cox proportional-hazards regression analysis without variable selection technique (all listed

variables were included simultaneously into the models).
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for this purpose, biological variation studies will be
necessary.
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