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Heart failure is the most frequent cardiac complication of chronic kidney disease (CKD). Biomarkers help identify high-risk
patients. Natriuretic peptides (BNP and NT-proBNP) are largely used for monitoring patients with cardiac failure but are highly
dependent on glomerular filtration rate (GFR). Soluble suppression of tumorigenicity 2 (sST2) biomarker is well identified in
risk stratification of cardiovascular (CV) events in heart failure. Furthermore, sST2 is included in a bioclinical score to stratify
mortality risk. The aims of this study were to evaluate (i) the interest of circulating sST2 level in heart dysfunction and (ii) the
bioclinical score (Barcelona Bio-Heart Failure risk calculator) to predict the risk of composite outcome (major adverse coronary
events) and mortality in the CKD population. A retrospective study was carried out on 218 CKD patients enrolled from 2004 to
2015 at Montpellier University Hospital. sST2 was measured by ELISA (Presage ST2® kit). GFR was estimated by the CKD-EPI
equation (eGFR). Indices of cardiac parameters were performed by cardiac echography. No patient had reduced ejection
fraction. 112 patients had left ventricular hypertrophy, and 184 presented cardiac dysfunction, with structural, functional
abnormalities or both. sST2 was independent of age and eGFR (ρ = 0 05, p = 0 44, and ρ = −0 07, p = 0 3, respectively).
Regarding echocardiogram data, sST2 was correlated with left ventricular mass index (ρ = 0 16, p = 0 02), left atrial diameter
(ρ = 0 14, p = 0 04), and volume index (ρ = 0 13, p = 0 05). sST2 alone did not change risk prediction of death and/or CV events
compared to natriuretic peptides. Included in the Barcelona Bio-Heart Failure (BCN Bio-HF) score, sST2 added value and better
stratified the risk of CV events and/or death in CKD patients (p < 0 0001). To conclude, sST2 was associated with cardiac
remodeling independently of eGFR, unlike other cardiac biomarkers. Added to the BCN Bio-HF score, the risk stratification of
death and/or CV events in nondialyzed CKD patients was highly improved.

1. Introduction

CV events and death are associated with reduced eGFR [1].
The prevalence of most comorbid conditions, including heart
failure (HF), increases with decreasing eGFR [2]. Heart fail-
ure with preserved ejection fraction (HFpEF) constitutes
the main feature of uremic cardiopathy and is often referred
to as type 4 cardiorenal syndrome [3, 4]. In May 2016, the
European Society of Cardiology developed guidelines to help

diagnosis of chronic HFpEF, including cardiac structural or
functional alterations underlying HF [5]. Left ventricular
hypertrophy (LVH) represents the major event in type 4
cardiorenal syndrome (chronic renocardiac damage). The
prevalence of LVH is estimated between 16% and 31% in
CKD patients with eGFR> 30mL/min to reach 60 to 75%
before dialysis and 90% after dialysis [6]. Diastolic dysfunc-
tion, defined by pseudonormal or restrictive pattern through
tissue Doppler imaging (E/e’≥ 10) which appears in the early
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stages of CKD, now emerges as an independent predictor of
mortality and development of HF in a CKD patient [7].

Recent studies have identified new biomarkers involved in
the pathogenesis of remodeling and cardiac fibrosis. Among
them is sST2, an emerging biomarker predictive of fibrosis
and cardiac remodeling in HF patients without CKD. This is
a marker of interest in the stratification of patients at risk as
well as in the therapeutic response of HF patients [8–11].
ST2 belongs to the family of interleukin receptors of type-1
(IL-1) and exists as membrane-bound (ST2L) and soluble
(sST2) isoforms. By binding interleukin-33 (IL-33), ST2L
is responsible for antihypertrophic, antifibrotic, and antia-
poptotic effects [12]. sST2 is the soluble circulating form
which acts as a decoy receptor, sequesters IL-33, and pre-
vents its binding to ST2L, thereby neutralizing the beneficial
effects of the ST2L/IL-33 signaling pathway [13]. sST2 is
mainly secreted by cardiomyocytes when the cells are sub-
jected to biomechanical overload. Nevertheless, the main
source of sST2 secretion is still controversial, and in human
cardiac disease, the vascular endothelial cells were shown to
be the predominant source of sST2, rather than the human
myocardium [14].

In patients with chronic HF episodes, sST2 acts as a pre-
dictor of both all-cause and cardiovascular death [15]. sST2
was included in a novel bioclinical algorithm (Barcelona
Bio-Heart Failure (BCN Bio-HF) risk calculator) in associa-
tion with NT-proBNP and high-sensitivity cardiac troponin
T (hs-cTnT), which allowed accurate prediction of death at
1, 2, and 3 years in HF patients [16]. High levels of sST2 asso-
ciated with NT-proBNP and identified risk factors improve
prognosis performance independently of left ventricular ejec-
tion fraction and renal function in HF [17]. In this context,
sST2 measurement can identify patients with left ventricular
remodeling and decompensated hemodynamic profile [18].

To our knowledge, only few data are available regarding
the prognosis value of fibrosis and myocardial remodeling
biomarker in CKD patients for which the risk of a CV event
constitutes the main cause of mortality. Therefore, objectives
of this study were to evaluate sST2 in cardiac remodeling and
to assess its role alone or in combination with other common
biological parameters of HF for risk stratification of CV
events or/and mortality in a nondialyzed CKD population
(BCN Bio-HF score).

2. Population and Methods

2.1. Patients and Study Design. 218 patients were enrolled in
the Montpellier University Hospital between 2004 and 2015.
Main inclusion criteria were the ability to give informed con-
sent, age> 18 years, cardiac echography at inclusion, and a
confirmed diagnosis of CKD according to the National
Kidney Foundation and KDIGO Guidelines [19, 20]. Stages
of CKD were determined using eGFR calculated using the
CKD-EPI equation [21]. None of the patients in stage 5 were
on hemodialysis or on peritoneal dialysis. Regarding antihy-
pertensive treatment, 16 patients had no treatment, 39 were
on mono-, 71 on bi-, 70 on tri-, and 22 on quadritherapy.

At the time of enrollment, all patients had an echocardio-
gram performed by a trained physician. Dry and heparinized

blood samples were drawn, and serum/plasma stored at
−80°C for further analyses.

The follow-up of all included patients was approxima-
tively 3 years with time-to-event analysis until the occurrence
of fatal or nonfatal CV events, defined as major adverse
coronary events (MACE).

Written informed consent was obtained for all patients.
The protocol was approved by local authorities (Ethics
Committee of Montpellier) according to standards currently
applied in France (Commission Nationale de l’Informatique
et des Libertés, CNIL, N°MR001). A biological collection
was also registered by the French government (research
ministry, # DC 2008-417 and # DC 2013-2027). The study
was done in accordance with the Declaration of Helsinki
and Good Clinical Practice guidelines.

2.2. Cardiac Echography. Cardiac echocardiography was
performedbya trainedphysician at inclusion.Nopatients pre-
sented signs of heart failure at inclusion. Subclinical cardiac
dysfunction was defined as left ventricular ejection fraction
(LVEF)> 40% with structural abnormality (left ventricular
mass index (LVMI)≥ 115 g/m2 for men and ≥95 g/m2 for
women or left atrial volume index (LAVI)> 34mL/m2) or
functional abnormalitywith impaired relaxation (E/A< 1) [5].

2.3. Laboratory Analyses. Biochemical parameters, including
classical cardiac variables (NT-proBNP and high-sensitivity
troponin T (hs-cTnT)), were performed on a Cobas 8000/
e602 immunochemistry system (Roche Diagnostics, Meylan,
France). C-reactive protein (CRP), urea, and IDMS traceable
enzymatic creatinine were determined on a Cobas 8000/c701
(Roche Diagnostics, Meylan, France). Intact aminoterminal
propeptide of type I procollagen (PINP) as a biomarker of
collagen synthesis was determined by chemiluminescence
technology using the IDS-iSYS Multi-Discipline automated
analyser (IDS, Boldon, England).

2.4. sST2 Measurement. sST2 was measured using a sandwich
ELISA kit (Presage© ST2 assay, Critical Diagnostics, San
Diego, California, distributed in France by Eurobio Labo-
ratories). In chronic HF patients, the upper reference limit
for sST2 was 35 ng/mL [22]. A recombinant human sST2
standard calibrator was provided for this assay. sST2 concen-
trations were measured according to sST2 assay procedures
and adapted on Evolis (France). Briefly, 100μl of standard,
diluted samples (1 : 20 in sample diluent) was added to the
well of a ready-to-use microtiter plate coated with mouse
monoclonal anti-human sST2 antibody. The standard curve
was in the concentration range 2.8–100ng/mL. Then, the
plate was incubated for 60min at room temperature. After
washing, 100μl of biotinylated antibody reagent was added
into each well and incubated for 60min at room temperature.
After washing, 100μl of streptavidin-HRP conjugated was
added into each well and incubated for 30min at room tem-
perature. After washing, the TMB substrate was added to
each well and incubated for 20min at room temperature in
the dark. Then, stop solution was added and absorbance
was read at 450nm.
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2.5. Barcelona Bio-Heart Failure Score. The Barcelona
Bio-Heart Failure risk calculator (BCN Bio-HF calculator)
estimates the risk of death in patients with HF described
by Lupón et al. [16]. The BCN Bio-HF calculator is an
algorithm based on eight independent models, depending
on available data. It is derived from a real-life cohort and
includes, in addition to classical prediction factors, serum
NT-proBNP, hs-cTnT, and sST2 reflecting different path-
ophysiological pathways. The models account for clinical
and biological characteristics and treatments to predict
the risk of mortality at 1, 2, and 3 years. Pharmacological
treatments include beta-blockers, ARBs/ACEI, statins, and
furosemide. In our study, all clinical and biomarker variable
models were taken into account (hs-cTnT, NT-proBNP,
and sST2). Using this model, prognostic indices were com-
puted for each patient in our population.

2.6. Statistical Analysis. Descriptive statistics are presented as
numbers (percentages) for categorical data and as medians
(interquartile range (IQR)) for continuous variables. χ2 test
was performed to investigate the presence of differences
between proportions. The Mann-Whitney U test and
Kruskal-Wallis test were used to compare groups, as appro-
priate. Since their distributions were skewed, logarithmic
transformations of sST2, troponin, NT-proBNP, and PINP
biomarkers were used. For correlation analyses, Spearman’s
rank correlation coefficients were computed. Composite out-
come was defined as any of the following events (MACE)
during follow-up: death, myocardial infarction, ischemic car-
diomyopathy, angioplasty, valvular cardiomyopathy, stroke,
vascular angioplasty, or cardiac arrhythmias. The Kaplan-
Meier estimator of event-free survival was used to assess
the ability of biomarkers to predict adverse outcome in the
population. Potential predictors of composite outcome were
further evaluated using the Cox proportional hazard regres-
sion. The net reclassification improvement (NRI) was used
to assess the incremental value by adding a biomarker over
the BCN Bio-HF score. No treatment adjustment in relation
to cardiac biomarkers and kidney dysfunction was assessed
in the BCN Bio-HF score analysis since they were already
included in the initial score calculation.

3. Results

3.1. Population Characteristics. This study included a total of
218 patients at different stages of CKD (i.e., 36 patients at
stages 1–2, 42 patients at stage 3A, 57 patients at stage 3B,
62 patients at stage 4, and 21 patients at stage 5). Median
eGFR level was 37mL/min/1.73m2 (IQR 23–52). During
the follow-up period, 85 out of 218 patients presented
composite outcome. Demographic data, laboratory findings,
and echocardiogram parameters in the global population
presenting or not presenting composite outcome are shown
in Table 1. Among the population, the median LVEF was
62%, and none of the patients had reduced LVEF. 112
(51%) patients presented LVH and 184 (84%) a cardiac dys-
function. Cardiac dysfunction was as follows: 45 patients
with structure abnormality only, 72 with function abnor-
mality only, and 67 with both. Median follow-up was 3.0

years (IQR 1.3–6.4) after initial evaluation. Compared to
patients free of major adverse coronary events (MACE),
eGFR and LVEF were lower in patients with MACE, whereas
age, LAVI, left atrial diameter (LAD), LVMI, levels of CRP,
NT-proBNP, and hs-cTnT were higher. No significant differ-
ence in PINP levels was observed between groups. Median
sST2 was 29.5 ng/mL (IQR 22.6–35.1), and 55 out of 218
patients (25%) had an elevated level of sST2 (upper reference
limit is 35 ng/mL in chronic HF).

3.2. sST2 Is Associated with Cardiac Remodeling Feature.
Correlation between sST2 and inflammatory and cardiac bio-
markers (CRP, NT-proBNP, and hs-cTnT) was significant
(ρ = 0 17, p = 0 01; ρ = 0 14, p = 0 03; and ρ = 0 15, p = 0 03,
respectively).

Regarding echocardiogram data, sST2 was correlated
with LVEF (ρ = −0 14, p = 0 04) and cardiac remodeling
(i.e., LAD (ρ = 0 14, p = 0 04), LAVI (ρ = 0 13, p = 0 05),
and LVMI (ρ = 0 16, p = 0 02)). No association with func-
tional abnormality was observed (E/A (ρ = 0 08, p = 0 26)).
PINP was not correlated with any echocardiographic data
(Figure 1). Other cardiac biomarkers (hs-cTnt and NT-
proBNP) were correlated with structural abnormality param-
eters. Concerning patient treatments, no correlation was
observed between sST2 and beta-blockers, ARBs/ACEI,
statins, or furosemide (data not shown).

3.3. sST2 Is Independent of GFR and Age. No correlation
between sST2 and both age (ρ = 0 05, p = 0 44) or eGFR
(ρ = −0 07, p = 0 3) was observed, in contrast to classical
cardiac biomarkers such as hs-cTnT (ρ = 0 55, p < 0 001,
and ρ = −0 59, p < 0 001, respectively) and NT-proBNP
(ρ = 0 51, p < 0 001, and ρ = −0 56, p < 0 001, respectively).
Moreover, no relationship was observed between sST2 and
CKD stages (p = 0 9) whereas NT-proBNP and hs-cTnT
values increased from stages 1 to 5 (p < 0 001 for both param-
eters) (Figure 2).

3.4. Predictors of Outcome. During the 3 years of median
follow-up (IQR 1.3–6.4), 85 (39%) patients experienced the
composite outcome of death and/or CV events.

In univariate Cox analysis, older age (HR 1.052 (1.031–
1.072)), male gender (female HR 0.420 (0.251–0.704)),
increased LAVI (HR 1.050 (1.015–1.086)) and LAD (HR
1.074 (1.030–1.119)), elevated hs-cTnT (HR 5.152 (2.659–
9.983)), NT-proBNP (HR=1.650 (1.116–2.439)), and CRP
(HR 2.155 (1.388–3.346)) were related to composite outcome
(Table 2).

3.5. Multimarker Strategy Based on Barcelona Bio-HF Score.
The Barcelona Bio-HF score was applied to assess the pre-
dictive composite outcome in our cohort. Taken together,
NT-proBNP, hs-cTnT, and sST2 were highly predictive of
the composite outcome of cardiovascular events and/or
death (p < 0 0001) (Figure 3). A combination of CRP with
the Barcelona Bio-HF score was performed in order to
identify a high-risk subgroup and to improve the risk of
CV events or death composite outcome. The risk classifi-
cation analysis including the CRP level did not allow
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better patient classification (continuous NRI=16% (−11.7–
32.8%), p = 0 27).

4. Discussion

This study shows that the sST2 level is associated with
cardiac remodeling features, and unlike common cardiac
biomarkers, this biomarker is independent of eGFR and
age. A multimarker approach including sST2 is thus reported
as an appealing tool in CV risk stratification of nondialyzed
CKD patients.

4.1. sST2 and Heart Dysfunction in CKD Patients. HFpEF is
associated with increased cardiac remodeling, abnormal car-
diac mechanics, and poor outcomes in CKD patients [1, 23].
Brain natriuretic peptides and hs-cTnT can facilitate the
diagnosis of HF among patients with CKD. Elevation of these
biomarkers is related to cardiac modifications contributing to
HF [24]. Vickery et al. reported that eGFR and cardiac
dysfunction have independent effects on brain natriuretic
peptide concentrations in CKD patients [25]. A reduced
renal excretion provokes elevated levels of cardiac troponins,
NT-proBNP, and in a lesser extent BNP limiting the utility

Table 1: Baseline characteristics of all patients, with and without MACE.

Variable Study population (n = 218) No MACE (n = 133) MACE (n = 85) p

Age (years) 68.31 [57.62–75.47] 63.35 [49.18–71.69] 71.75 [67.44–79.37] <0.001
Gender 0.005

Male 139 (64%) 75 (56%) 64 (75%)

Female 79 (36%) 58 (44%) 21 (25%)

Follow-up (years) 3.0 [1.3–6.4] 3.0 [1.3–6.5] 2.8 [1.4-5.8] 0.869

eGFR (mL/min/1.73m2) 37 [23–52] 40 [26–57] 35 [22–44] 0.014

SBP (mmHg) 134 [120–146] 135 [122–146] 130 [120–146] 0.214

DBP (mmHg) 73 [69–80] 75 [70–80] 70 [65–80] 0.051

Echocardiography

LVEF (%) 62 [58–65] 65 [60–67] 60 [54–64] <0.001
E/A 0.85 [0.70–1.11] 0.87 [0.73–1.12] 0.8 [0.69–1.11] 0.204

LAVI (mL/m2) 11.4 [7.6–14.9] 10.4 [7.0–14.1] 13.3 [9.1–16.3] 0.001

LAD (mm) 34 [30–37] 33 [29–36] 36 [32–39] <0.001
LVMI (g/m2) 109.9 [85.3–130.5] 106.8 [79.0–125.0] 118.0 [97.2–139.3] 0.004

Biomarkers

NT-proBNP (ng/L) 182.5 [75.0–445.3] 129.0 [61.0–379.0] 287.0 [121.2–623.5] <0.001
sST2 (ng/mL) 29.5 [22.6–35.1] 28.2 [21.7–34.3] 30.5 [24.3–36.7] 0.100

PINP (ng/mL) 52.2 [38.2–77.5] 51.95 [38.2–77.2] 55.3 [38.4–77.5] 0.522

hs-cTnT (ng/L) 14.3 [7.7–24.9] 11.7 [6.2–19.5] 19.1 [12.4–34.3] <0.001
CRP (mg/L) 2.2 [1.1–4.7] 1.8 [0.8–3.6] 3.2 [1.6–6.9] <0.001
Na (mmol/L) 141 [139–142] 141 [139–142] 140 [139–142] 0.829

Hb (g/dL) 13.2 [12.3–14.2] 13.4 [12.2–14.4] 13.0 [12.4–14.0] 0.702

Treatments

Beta-blockers 0.054

No 118 (54.1%) 79 (59.4%) 39 (45.9%)

Yes 100 (45.9%) 54 (40.6%) 46 (54.1%)

ARBs/ACEI 0.274

No 55 (25.2%) 30 (22.6%) 25 (29.4%)

Yes 163 (74.8%) 103 (77.4%) 60 (70.6%)

Statins 0.061

No 120 (55.0%) 80 (60.2%) 40 (47.1%)

Yes 98 (45.0%) 53 (39.8%) 45 (52.9%)

Furosemide 0.001

No 100 (45.9%) 73 (54.9%) 27 (31.8%)

Yes 118 (54.1%) 60 (45.1%) 58 (68.2%)

Data presented as median [1st quartile–3rd quartile] for quantitative variables and proportions for categorical variables. ACEI: angiotensin converting enzyme
inhibitors, ARBs: angiotensin receptor blockers, DBP: diastolic blood pressure, eGFR: estimated glomerular filtration rate, LAD: left atrial diameter, LAVI: left
atrial volume index, LVEF: left ventricular ejection fraction, LVMI: left ventricular mass index, MACE: major adverse coronary events, SBP: systolic blood
pressure. p value was determined by χ2 and Mann-Whitney U tests.
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of these markers although higher brain natriuretic peptide
levels remain predictive of increased mortality in CKD
[26–28]. sST2 is an interesting biomarker, and most studies
have described sST2 as an independent marker of renal func-
tion and hemodialysis [29–31]. We confirmed here that sST2
is not correlated with eGFR, unlike NT-proBNP, and no dif-
ference was observed among CKD stages. Therefore, the
weak correlation observed between NT-proBNP and sST2
(ρ = 0 14, p = 0 03) can be explained by renal dysfunction

as a confusing factor (Figure 2). In a study conducted by
Bao et al., sST2 levels were higher in CKD patients compared
to healthy controls and were correlated with disease severity
[32]. More recently, Gungor et al. observed that sST2 levels
increased with CKD stages [33]. Indeed, these investigations
did not evaluate cardiac function, and sST2 elevation was
reported to be involved in the inflammatory state. Moreover,
sST2 measurements are not directly comparable because
ELISA kits with different standards or antibodies were used.
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Figure 1: Correlation analysis between echocardiogram data, variables, and biomarkers.

25

50

75

CKD stage

1/2 3A 3B 4 5 1/2 3A 3B 4 5

sS
T2

 (n
g/

m
L)

10

100

10,000

CKD stage

1/2 3A 3B 4 5

CKD stage

N
T−

pr
oB

N
P 

(n
g/

L)

0

20

40

60

80
hs

−c
Tn

T 
(n

g/
L)

Figure 2: sST2, NT-proBNP, and hs-cTnT levels according to CKD stages (Kruskal-Wallis test: p = 0 9, p < 0 001, and p < 0 001,
respectively).

5Mediators of Inflammation



Lastly, in both studies, GFR was estimated through the
Modification of Diet in Renal Disease Equation, and this
could lead to different GFR values depending on the estima-
tion method used.

sST2 is involved in pathophysiology of cardiac fibrosis,
and its increase is considered as an indirect circulating
marker of cumulative fibrotic processes [34]. Regarding
echocardiogram results, sST2 correlates significantly with
variables that describe structural alterations, and no corre-
lation with functional abnormalities was observed. We can
thus speculate that in CKD patients, sST2 by decreasing
the availability of IL-33 may be involved in cardiac remod-
eling features typically observed in HFpEF. Although other
cardiac biomarkers showed better correlation with cardiac
dysfunction, sST2 is quite relevant because it does not
depend on age and renal function. These results represent
an important step in early detection of cardiac perfor-
mance alteration in CKD. Finally, no correlation between
PINP and echocardiographic data was observed. This
could be explained by the lack of specificity of this marker
in cardiac fibrosis [35].

4.2. sST2 and Prognosis Value. To our knowledge, this is the
first time we observe that a multimarker strategy including
combined sST2, NT-proBNP, and hs-cTnT biomarkers is
highly associated with cardiovascular events and/or mortality
and suitable in nondialyzed CKD patient risk stratification.

sST2 represents a promising biomarker in prognosis
mortality and CV events in chronic HF [36, 37]. Recently,
an update of ACC/AHA guidelines stated that the use of
myocardial fibrosis biomarkers such as sST2 might be con-
sidered for predicting risk of hospitalization and death in
patients with chronic HF and potentially added to natriuretic

peptide biomarker levels in their prognostic value [34]. Our
study confirms that hs-cTnT, CRP, and to a lesser extent
NT-proBNP alone are predictive of poor outcome, as
described in a hemodialysis population [38]. Yet, sST2 alone
does not allow CV events or death composite outcome prog-
nosis in nondialyzed CKD patients. Our findings are in line
with Keddis et al., who found that sST2 level did not change
CV risk prediction compared to cardiac troponin T in
patients considered for kidney transplant [39].

A multimarker strategy approach was developed and
proven to be more informative than a single biomarker
in HF prognosis. To date, only few clinical scores evaluat-
ing risk stratification of HF have been developed. The
BCN Bio-HF score is a unique tool combining a panel
of biomarkers and clinical variables [40]. Taken together,
biomarkers provide information about myocyte necrosis
(hs-cTnT), fibrosis and inflammation (sST2), and chamber
strain (NT-proBNP). In our study, NT-proBNP, hs-cTnT,
and sST2 in combination with clinical variables and treat-
ments were highly predictive of composite outcome. We
showed that the BCN Bio-HF score can also be applied
to the CKD population and is highly predictive of CV
events and mortality. Beside, adding CRP to the BCN
Bio-HF score did not provide better reclassification of
CKD patients, as observed for HF [41]. Although CRP is
considered as a marker of early inflammation and a low
level of hs-CRP may be associated with a more favorable
prognosis in patients with coronary heart disease [42], its
level remains stable in CKD before dialysis and unlikely
plays a major role in subacute inflammation [43]. Our
results suggest that CRP does not improve the prognosis of
patients at nondialyzed CKD stages, presenting mainly a
subclinical cardiac dysfunction. In this population, a multi-
marker strategy such as the BCN Bio-HF score is definitely
helpful to better stratify risk of death and CV events. Further
longitudinal studies in CKD patients are needed to better
characterize the interest of these combined markers involved
in HF pathophysiology.

5. Limitations

This study presents several limitations. First of all, tissue
Doppler imaging was not taken into account at the time of
inclusion; consequently, the e’ wave was not available. Then,
a relatively small cohort of patients from a single medical
center was enrolled. We only measured biomarkers at time
of recruitment and did not evaluate the long-term trends of
biomarkers, which could be useful for patient follow-up.
Moreover, sST2 assay is not available in all laboratories,
which reduces the use of the multimarker strategy.

6. Conclusion

To our knowledge, this is the first study showing that
sST2 is a good biomarker to evaluate the cardiac remodel-
ing feature in nondialyzed CKD patients. Although sST2
alone is not predictive of CV events and death in this
population, it plays an important role to stratify risk of

Table 2: Univariate Cox analysis predictive of cardiovascular events
and/or death composite outcome.

Variable HR [95% CI] p

Age (years) 1.052 [1.031–1.072] <0.001
Female 0.420 [0.251–0.704] 0.001

SBP (mmHg) 0.992 [0.981–1.004] 0.209

DBP (mmHg) 0.986 [0.966–1.006] 0.167

LAVI (mL/m2) 1.050 [1.015–1.086] 0.005

LAD (mm) 1.074 [1.030–1.119] 0.001

LVMI (g/m2) 1.004 [0.998–1.009] 0.183

E/A 1.010 [0.607–1.681] 0.969

Log hs-cTnT (ng/L) 5.152 [2.659–9.983] <0.001
Log NT-proBNP (ng/L) 1.650 [1.116–2.439] 0.012

Log CRP (mg/L) 2.155 [1.388–3.346] 0.001

Log sST2 (ng/mL) 2.836 [0.532–15.134] 0.222

Log PINP (ng/mL) 0.836 [0.340–2.057] 0.696

eGFR (mL/min/1.73m2) 0.992 [0.981–1.003] 0.172

Na (mmol/L) 0.985 [0.908–1.069] 0.720

Hb (g/dL) 0.991 [0.852–1.153] 0.909

DBP: diastolic blood pressure, eGFR: estimated glomerular filtration rate,
Hb: hemoglobin, LAD: left atrial diameter, LAVI: left atrial volume index,
LVMI: left ventricular mass index, SBP: systolic blood pressure.
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all-cause mortality and CV events in a multimarker strategy
combined with clinical variables.

Data Availability

The datasets generated and/or analysed during the current
study are available from the corresponding author on
reasonable request.

Disclosure

Part of the study was presented at the meeting “Printemps de
la Cardiologie 2018” and published as an abstract in the
Archives of Cardiovascular Diseases Supplements 2018,
10-2:202.

Conflicts of Interest

The authors declare that there is no conflict of interest
regarding the publication of this paper.

Acknowledgments

This work was supported by a grant from the Ministère de la
Santé (PHRC-UF 9763).

References

[1] A. S. Go, G. M. Chertow, D. Fan, C. E. McCulloch, and C. Hsu,
“Chronic kidney disease and the risks of death, cardiovascular
events, and hospitalization,” The New England Journal of
Medicine, vol. 351, no. 13, pp. 1296–1305, 2004.

[2] L. A. Stevens, S. Li, C. Wang et al., “Prevalence of CKD and
comorbid illness in elderly patients in the United States: results

from the Kidney Early Evaluation Program (KEEP),”American
Journal of Kidney Diseases, vol. 55, no. 3, pp. S23–S33,
2010.

[3] I. Löfman, K. Szummer, U. Dahlström, T. Jernberg, and L. H.
Lund, “Associations with and prognostic impact of chronic
kidney disease in heart failure with preserved, mid-range,
and reduced ejection fraction,” European Journal of Heart
Failure, vol. 19, no. 12, pp. 1606–1614, 2017.

[4] C. Ronco, M. Haapio, A. A. House, N. Anavekar, and
R. Bellomo, “Cardiorenal syndrome,” Journal of the American
College of Cardiology, vol. 52, no. 19, pp. 1527–1539, 2008.

[5] P. Ponikowski, A. A. Voors, S. D. Anker et al., “2016 ESC
guidelines for the diagnosis and treatment of acute and chronic
heart failure: the task force for the diagnosis and treatment of
acute and chronic heart failure of the European Society of
Cardiology (ESC) developed with the special contribution of
the Heart Failure Association (HFA) of the ESC,” European
Heart Journal, vol. 37, no. 27, pp. 2129–2200, 2016.

[6] L. Di Lullo, A. Gorini, D. Russo, A. Santoboni, and C. Ronco,
“Left ventricular hypertrophy in chronic kidney disease
patients: from pathophysiology to treatment,” Cardiorenal
Medicine, vol. 5, no. 4, pp. 254–266, 2015.

[7] A. Jain, C. Scott, and H. H. Chen, “The renal-cardiac connec-
tion in subjects with preserved ejection fraction: a population
based study,” ESC Heart Failure, vol. 4, no. 3, pp. 266–273,
2017.

[8] R. A. P. Weir, A. M. Miller, G. E. J. Murphy et al., “Serum sol-
uble ST2: a potential novel mediator in left ventricular and
infarct remodeling after acute myocardial infarction,” Journal
of the American College of Cardiology, vol. 55, no. 3, pp. 243–
250, 2010.

[9] A. Bayes-Genis, Y. Zhang, and B. Ky, “ST2 and patient
prognosis in chronic heart failure,” The American Journal of
Cardiology, vol. 115, no. 7, pp. 64B–69B, 2015.

1.00

0.75

0.50

Ev
en

t-f
re

e s
ur

vi
va

l p
ro

ba
bi

lit
y

St
ra

ta

0.25

0.00

0

p < 0.0001

3 6

Time, y

9 12

Q1

Q2

Q4
Q3

55

Number at risk

52
52
55

0 3 6

Time, y

9 12

25
35
25
21

16
18
22
12

10
9
3
8

0
0
0
0

Q2
Q1

Q4
Q3

Figure 3: Barcelona Bio-HF score and composite outcome prediction. Event-free survival probability according to mortality risk predicted by
the Barcelona Bio-Heart Failure score. Study population was stratified by quartiles of 1-year mortality risk (Q1: risk< 1.56%, Q2:
1.56≤ risk< 3.45%, Q3: 3.45≤ risk< 6.68%, and Q4: risk> 6.68%). p value refers to the log-rank test.

7Mediators of Inflammation



[10] S. E. Piper, R. A. Sherwood, G. F. Amin-Youssef, A. M. Shah,
and T. A. McDonagh, “Serial soluble ST2 for the monitoring
of pharmacologically optimised chronic stable heart failure,”
International Journal of Cardiology, vol. 178, pp. 284–291,
2015.

[11] H. K. Gaggin, S. Motiwala, A. Bhardwaj, K. A. Parks, and J. L.
Januzzi, “Soluble concentrations of the interleukin receptor
family member ST2 and β-blocker therapy in chronic heart
failure,” Circulation Heart Failure, vol. 6, no. 6, pp. 1206–
1213, 2013.

[12] R. Kakkar and R. T. Lee, “The IL-33/ST2 pathway: therapeutic
target and novel biomarker,” Nature Reviews Drug Discovery,
vol. 7, no. 10, pp. 827–840, 2008.

[13] S. Sanada, D. Hakuno, L. J. Higgins, E. R. Schreiter, A. N. J.
McKenzie, and R. T. Lee, “IL-33 and ST2 comprise a critical
biomechanically induced and cardioprotective signaling sys-
tem,” The Journal of Clinical Investigation, vol. 117, no. 6,
pp. 1538–1549, 2007.

[14] J. Bartunek, L. Delrue, F. van Durme et al., “Nonmyocardial
production of ST2 protein in human hypertrophy and failure
is related to diastolic load,” Journal of the American College
of Cardiology, vol. 52, no. 25, pp. 2166–2174, 2008.

[15] A. Aimo, G. Vergaro, A. Ripoli et al., “Meta-analysis of soluble
suppression of tumorigenicity-2 and prognosis in acute heart
failure,” JACC: Heart Failure, vol. 5, no. 4, pp. 287–296,
2017.

[16] J. Lupón, M. de Antonio, J. Vila et al., “Development of a novel
heart failure risk tool: the Barcelona Bio-Heart Failure risk
calculator (BCN Bio-HF calculator),” PLoS One, vol. 9, no. 1,
article e85466, 2014.

[17] A. Bayes-Genis, M. de Antonio, A. Galán et al., “Combined use
of high-sensitivity ST2 and NTproBNP to improve the predic-
tion of death in heart failure,” European Journal of Heart
Failure, vol. 14, no. 1, pp. 32–38, 2012.

[18] R. V. Shah, A. A. Chen-Tournoux, M. H. Picard, R. R. J. van
Kimmenade, and J. L. Januzzi, “Serum levels of the
interleukin-1 receptor family member ST2, cardiac structure
and function, and long-term mortality in patients with acute
dyspnea,” Circulation Heart Failure, vol. 2, no. 4, pp. 311–
319, 2009.

[19] M. J. Goolsby, “National Kidney Foundation guidelines for
chronic kidney disease: evaluation, classification, and stratifi-
cation,” Journal of the American Academy of Nurse Practi-
tioners, vol. 14, no. 6, pp. 238–242, 2002.

[20] KDIGO, “KDIGO clinical practice guideline for the evaluation
and management of chronic kidney disease,” December 2017,
https://www.theisn.org/education/education-topics/chronic-
kidney-disease/item/839-kdigo-clinical-practice-guideline-for-
the-evaluation-and-management-of-chronic-kidney-disease.

[21] A. S. Levey, L. A. Stevens, C. H. Schmid et al., “A new equation
to estimate glomerular filtration rate,” Annals of Internal
Medicine, vol. 150, no. 9, pp. 604–612, 2009.

[22] J. L. Januzzi, D. Pascual-Figal, and L. B. Daniels, “ST2 testing
for chronic heart failure therapy monitoring: the International
ST2 Consensus Panel,” The American Journal of Cardiology,
vol. 115, no. 7, pp. 70B–75B, 2015.

[23] E. D. Unger, R. F. Dubin, R. Deo et al., “Association of chronic
kidney disease with abnormal cardiac mechanics and adverse
outcomes in patients with heart failure and preserved ejection
fraction,” European Journal of Heart Failure, vol. 18, no. 1,
pp. 103–112, 2016.

[24] N. Bansal, A. Hyre Anderson, W. Yang et al., “High-sensitivity
troponin T and N-terminal pro-B-type natriuretic peptide
(NT-proBNP) and risk of incident heart failure in patients
with CKD: the Chronic Renal Insufficiency Cohort (CRIC)
Study,” Journal of the American Society of Nephrology,
vol. 26, no. 4, pp. 946–956, 2015.

[25] S. Vickery, C. P. Price, R. I. John et al., “B-type natriuretic pep-
tide (BNP) and amino-terminal proBNP in patients with CKD:
relationship to renal function and left ventricular hypertro-
phy,” American Journal of Kidney Diseases, vol. 46, no. 4,
pp. 610–620, 2005.

[26] T. Tsutamoto, C. Kawahara, M. Yamaji et al., “Relationship
between renal function and serum cardiac troponin T in
patients with chronic heart failure,” European Journal of Heart
Failure, vol. 11, no. 7, pp. 653–658, 2009.

[27] R. Tagore, L. H. Ling, H. Yang, H.-Y. Daw, Y.-H. Chan, and
S. K. Sethi, “Natriuretic peptides in chronic kidney disease,”
Clinical Journal of the American Society of Nephrology, vol. 3,
no. 6, pp. 1644–1651, 2008.

[28] C. R. deFilippi, S. L. Seliger, S. Maynard, and R. H. Christen-
son, “Impact of renal disease on natriuretic peptide testing
for diagnosing decompensated heart failure and predicting
mortality,” Clinical Chemistry, vol. 53, no. 8, pp. 1511–1519,
2007.

[29] A. Bayes-Genis, E. Zamora, M. de Antonio et al., “Soluble ST2
serum concentration and renal function in heart failure,” Jour-
nal of Cardiac Failure, vol. 19, no. 11, pp. 768–775, 2013.

[30] T. Mueller, A. Gegenhuber, G. Kronabethleitner, I. Leitner,
M. Haltmayer, and B. Dieplinger, “Plasma concentrations of
novel cardiac biomarkers before and after hemodialysis
session,” Clinical Biochemistry, vol. 48, no. 16-17, pp. 1163–
1166, 2015.

[31] J. E. Ho, S.-J. Hwang, K. C. Wollert et al., “Biomarkers of
cardiovascular stress and incident chronic kidney disease,”
Clinical Chemistry, vol. 59, no. 11, pp. 1613–1620, 2013.

[32] Y.-S. Bao, S.-P. Na, P. Zhang et al., “Characterization of
interleukin-33 and soluble ST2 in serum and their association
with disease severity in patients with chronic kidney disease,”
Journal of Clinical Immunology, vol. 32, no. 3, pp. 587–594,
2012.

[33] O. Gungor, H. U. Unal, A. Guclu et al., “IL-33 and ST2 levels in
chronic kidney disease: associations with inflammation, vascu-
lar abnormalities, cardiovascular events, and survival,” PLoS
One, vol. 12, no. 6, article e0178939, 2017.

[34] C. W. Yancy, M. Jessup, B. Bozkurt et al., “2017 ACC/AHA/
HFSA focused update of the 2013 ACCF/AHA guideline for
the management of heart failure: a report of the American Col-
lege of Cardiology/American Heart Association Task Force on
Clinical Practice Guidelines and the Heart Failure Society of
America,” Journal of the American College of Cardiology,
vol. 70, no. 6, pp. 776–803, 2017.

[35] M.-K. Koivula, L. Risteli, and J. Risteli, “Measurement of ami-
noterminal propeptide of type I procollagen (PINP) in serum,”
Clinical Biochemistry, vol. 45, no. 12, pp. 920–927, 2012.

[36] B. Dieplinger and T. Mueller, “Soluble ST2 in heart failure,”
Clinica Chimica Acta, vol. 443, pp. 57–70, 2015.

[37] A. Bayes-Genis, M. de Antonio, J. Vila et al., “Head-to-head
comparison of 2 myocardial fibrosis biomarkers for long-
term heart failure risk stratification: ST2 versus galectin-3,”
Journal of the American College of Cardiology, vol. 63, no. 2,
pp. 158–166, 2014.

8 Mediators of Inflammation

https://www.theisn.org/education/education-topics/chronic-kidney-disease/item/839-kdigo-clinical-practice-guideline-for-the-evaluation-and-management-of-chronic-kidney-disease
https://www.theisn.org/education/education-topics/chronic-kidney-disease/item/839-kdigo-clinical-practice-guideline-for-the-evaluation-and-management-of-chronic-kidney-disease
https://www.theisn.org/education/education-topics/chronic-kidney-disease/item/839-kdigo-clinical-practice-guideline-for-the-evaluation-and-management-of-chronic-kidney-disease


[38] A.-S. Bargnoux, M. Morena, I. Jaussent et al., “A combined
index of cardiac biomarkers as a risk factor for early cardiovas-
cular mortality in hemodialysis patients,” Clinical Chemistry
and Laboratory Medicine, vol. 51, no. 9, pp. 1865–1874, 2013.

[39] M. T. Keddis, Z. el-Zoghby, B. Kaplan et al., “Soluble ST2 does
not change cardiovascular risk prediction compared to cardiac
troponin T in kidney transplant candidates,” PLoS One,
vol. 12, no. 7, article e0181123, 2017.

[40] A. Bayes-Genis, A. M. Richards, A. S. Maisel, C. Mueller, and
B. Ky, “Multimarker testing with ST2 in chronic heart failure,”
The American Journal of Cardiology, vol. 115, no. 7, pp. 76B–
80B, 2015.

[41] A. M. Dupuy, C. Curinier, N. Kuster et al., “Multi-marker
strategy in heart failure: combination of ST2 and CRP predicts
poor outcome,” PLoS One, vol. 11, no. 6, article e0157159,
2016.

[42] A. M. Pello, C. Cristóbal, N. Tarín et al., “Differential profile in
inflammatory and mineral metabolism biomarkers in patients
with ischemic heart disease without classical coronary risk
factors,” Journal of Cardiology, vol. 66, no. 1, pp. 22–27, 2015.

[43] M. Morena, L. Patrier, I. Jaussent et al., “Reduced glomerular
filtration rate, inflammation and HDL cholesterol as main
determinants of superoxide production in non-dialysis
chronic kidney disease patients,” Free Radical Research,
vol. 45, no. 6, pp. 735–745, 2011.

9Mediators of Inflammation


	sST2 as a New Biomarker of Chronic Kidney Disease-Induced Cardiac Remodeling: Impact on Risk Prediction
	1. Introduction
	2. Population and Methods
	2.1. Patients and Study Design
	2.2. Cardiac Echography
	2.3. Laboratory Analyses
	2.4. sST2 Measurement
	2.5. Barcelona Bio-Heart Failure Score
	2.6. Statistical Analysis

	3. Results
	3.1. Population Characteristics
	3.2. sST2 Is Associated with Cardiac Remodeling Feature
	3.3. sST2 Is Independent of GFR and Age
	3.4. Predictors of Outcome
	3.5. Multimarker Strategy Based on Barcelona Bio-HF Score

	4. Discussion
	4.1. sST2 and Heart Dysfunction in CKD Patients
	4.2. sST2 and Prognosis Value

	5. Limitations
	6. Conclusion
	Data Availability
	Disclosure
	Conflicts of Interest
	Acknowledgments

