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Elevated natriuretic peptides provide strong prognostic information in patients with heart
failure (HF). The role of novel biomarkers in HF needs to be established. Our objective was
to evaluate the prognostic power of novel biomarkers, incremental to the N-terminal
portion of the natriuretic peptide (NT-proBNP) in chronic HF. Concentrations of circu-
lating NT-proBNP, growth differentiation factor 15 (GDF-15), high-sensitivity C-reactive
protein (hs-CRP), galectin-3 (Gal-3), and high-sensitivity troponin T (hs-TnT) were
measured and related to all-cause long-term mortality. Of 209 patients (age 71 – 10 years,
73% male patients, 97% New York Heart Association class III), 151 (72%) died during
a median follow-up of 8.7 – 1 year. The calculated area under the curve for NT-proBNP
was 0.63, GDF-15 0.78, hs-CRP 0.66, Gal-3 0.68, and hs-TnT 0.68 (all p <0.01). Each
marker was predictive for mortality in univariate analysis. In multivariate analysis,
elevated concentrations of GDF-15 (hazard ratio [HR] 1.41, confidence interval [CI] 1.1 to
178, p [ 0.005), hs-CRP (HR 1.38, CI 1.15 to 1.67, p [ 0.001), and hs-TnT (HR 1.27, CI
1.06 to 1.53, p [ 0.008) were independently related to mortality. All novel markers had an
incremental value to NT-proBNP, using the integrated discrimination improvement. In
conclusion, in chronic HF, GDF-15, hs-CRP, and hs-TnT are independent prognostic
markers, incremental to NT-proBNP, in predicting long-term mortality. In this study,
GDF-15 is the most predictive marker, even stronger than NT-proBNP. ! 2013 Elsevier
Inc. All rights reserved. (Am J Cardiol 2013;112:831e837)

Concentrations of natriuretic peptides (NP) are useful in
the diagnosis and management of heart failure (HF),1 and
provide powerful prognostic information in these patients,
independent of left ventricular ejection fraction.2 NPs are
produced by the myocardium as a reaction to an increase in
myocardial wall stress.3 However, concentrations of circu-
lating NP do not necessarily provide reliable information
about the mechanism, etiology, and intensity of myocardial
distress. Furthermore, a high intraindividual variation of NP
has been described in patients with stable chronic HF.4

Hence, there is a need for additive biomarkers with respect to
pathophysiology, treatment effect, and prognosis. Several
novel markers, such as growth differentiation factor-15
(GDF-15),5,6 high-sensitivity C-reactive protein (hs-CRP),7,8

galectin-3 (Gal-3),9,10 and high-sensitivity troponin T
(hs-TnT)11,12 are being tested and introduced for their
clinical use in chronic HF. However, the added value of
these markers is still under debate, and long-term data are
lacking. Therefore, we analyzed the power of these markers
head to head, compared with and added to N-terminal pro-
brain-type natriuretic peptide (NT-proBNP), with respect to
all-cause mortality during long-term follow-up in a pop-
ulation with advanced chronic HF.

Methods

The present study was conducted as a substudy from the
Deventer-Alkmaar Heart Failure study (DEAL-HF), which
has been described elsewhere.13,14 In brief, 240 patients
with typical signs and symptoms of chronic HF combined
with findings of a reduced left ventricular ejection fraction
(45%) or diastolic dysfunction, according to the 2001
guidelines for the diagnosis of HF of the European Society
of Cardiology, were included.15 Main exclusion criteria
were an expected survival of <1 year, kidney function
replacement therapy, and planned hospitalization.

In the present multimarker study, a complete set of data
was available of 209 patients at baseline, due to missing
blood samples (n ¼ 28) and loss to follow-up (n ¼ 3). The
study was approved by the local medical ethics committees

aDeventer Hospital, Deventer, the Netherlands; bUniversity of Gronin-
gen, University Medical Center Groningen, Groningen, the Netherlands;
and cUniversity Medical Center Utrecht, Utrecht, the Netherlands. Manu-
script received January 21, 2013; revised manuscript received and accepted
May 2, 2013.

A.A. Voors is funded through Grant 242209 from the European
Commission FP7-Health-2009-BIOSTAT-CHF.

See page 836 for disclosure information.
*Corresponding author: Tel: 31-570-535001; fax: 31-570-627044.
E-mail address: lokd@dz.nl (D.J. Lok).

0002-9149/13/$ - see front matter ! 2013 Elsevier Inc. All rights reserved. www.ajconline.org
http://dx.doi.org/10.1016/j.amjcard.2013.05.013



and complied with the Declaration of Helsinki. All patients
gave written informed consent.

Routine laboratory measurements and blood samples for
biomarker analysis were obtained at baseline. Baseline was
defined as the moment of signing the informed consent, with
patients preferably in a stable condition. Blood samples
were taken on the same day, just after signing the informed
consent. Patients could be included before discharge after
hospitalization for HF (31%) or at the out patient clinic
(69%). EDTA plasma was separated and stored at "70#C.
Renal function, assessed using the estimated glomerular
filtration rate (ml/min/1.73m2), was calculated using the
Modification of Diet in Renal Disease equation.16

Circulating concentrations of NT-proBNP, GDF-15, hs-
CRP, Gal-3, and hs-TnT were analyzed according to the
description of the manufacturer (NT-proBNP, Roche Diag-
nostics, Rotkreutz, Switzerland; GDF-15, Roche Diagnos-
tics; hs-CRP, Roche Diagnostics; Gal-3, BG Medicine,
Waltham, Massachusetts; hs-TnT, Roche Diagnostics).

GDF-15 was analyzed by electrochemiluminescence
immunoassay (precommercial assay). The interassay coeffi-
cient of variation was 2.3% at 1,100 ng/l and 1.8% at 17,200
ng/L with a lower limit of detection level of <10 ng/l. The
reference value for GDF-15 was 1,109 ng/l (97.5th percen-
tile). Quality control data were acquired with spiked plasma.

Gal-3 concentrations were measured by enzyme-linked
immunosorbent assay; the lower limit of detection was
1.13 ng/ml. The 90th, 95th, and 97.5th percentile of the
normal reference interval were 17.6, 20.3, and 22.1 ng/ml,
respectively. Imprecision studies demonstrated that the total
coefficient of variation was <10% at a low concentration of
6 ng/ml, 7% near the midlevel concentration of 21 ng/ml,
and 15% at the high level of 70 ng/ml.

High-sensitivity CRP and NT-proBNP concentrations
were measured by a electrochemiluminescence immuno-
assay using an Elecsys (Roche Diagnostics). The lower limit
of detection level for hs-TnT was $3 pg/ml, for hs-CRP
$0.15 mg/L, and for NT-proBNP 20 pg/ml. The coefficient
of variation for hs-TnT was $5% in the range 25 to
$100 pg/ml; for hs-CRP, $5% for values >1.0 mg/L; and
for NT-proBNP, 5% for values >100 pg/ml.

The end point of the current study was all-cause mortality.
Patients were followed up to 10 years after randomization at
the outdoor patient clinic. In case of no show, information
regarding survival was obtained from the hospital system,
relatives, or general practitioner. Baseline medication was
up-titrated according to the 2001 guidelines.15

Data are expressed as mean % SD when normally
distributed, as median with interquartile range when distri-
bution was skewed and as frequencies and percentages. The
intergroup differences were tested using Student t test,
Mann-Whitney U test, or Pearson chi-square test when
appropriate. For further analyses, logarithmic transformation
was performed to achieve a normal distribution for skewed
variables. To assess the ability of NT-proBNP, GDF-15, hs-
CRP, Gal-3, and hs-TnT in predicting all-cause mortality,
areas under the curve (AUCs) of receiver operating char-
acteristics (ROC) curves were constructed. The statistical
significance of differences in AUCs was estimated using the
approach by DeLong et al.17 Optimal cut-off points were
calculated using ROC curves. Log-rank tests were used
to assess the significance between the concentrations of
GDF-15, hs-CRP, Gal-3, and hs-TnT, above and below the
optimal cut-off point.

Unadjusted hazard ratios (HR) of log-transformed
biomarkers were calculated for univariate Cox regression

Table 1
Baseline characteristics in relation to the occurrence of the end point.

Variable Total (n ¼ 209) Survivors (n ¼ 58) Nonsurvivors (n ¼ 151) p Value

Age (yrs) 71 % 10 67 % 11 72 % 9 <0.001
Men 73% 62% 77% 0.02
HF etiology, ischemic 66% 50% 72% 0.003
Body mass index (kg/m2) 26 % 5 27 % 5 26 % 5 0.105
NYHA class, III/IV 97%/3% 98%/2% 96%/4% 0.418
Diabetes mellitus 27% 17% 32% 0.028
Chronic obstructive pulmonary disease 27% 29% 26% 0.405
Hypercholesterolemia 48% 50% 48% 0.119
Sodium (mmol/L) 138 % 3 139 % 3 138 % 3 0.026
Hemoglobin (mmol/L) 8.4 % 1.0 8.5 % 0.8 8.3 % 1.0 0.242
Estimated glomerular filtration rate (ml/min/1.73m2) 52 % 14 55 % 13 50 % 15 0.038
NT-proBNP (pg/ml)* 1,771 (1,008e4,483) 1,729 (720e3,144) 2,373 (1,093e5,813) 0.004
GDF-15 (ng/L) 1,606 (1,087e2,412) 1,082 (802e1,502) 1,900 (1,357e2,671) <0.001
hs-CRP (mg/dl) 4.7 (1.9e11.2) 3.1 (1.4e5.4) 5.8 (2.0e14.9) 0.003
Gal-3 (ng/ml) 17.6 (13.3e21.4) 15.0 (11.8e18.0) 18.5 (13.9e22.3) <0.001
hs-TnT (ng/ml) 25.6 (17.2e39.3) 18.8 (10.4e30.8) 28.2 (18.9e1,900) <0.001
Use of angiotensin converting enzyme inhibitors 86% 90% 84% 0.306
Use of angiotensin receptor blockers 11% 8% 11% 0.578
Use of beta blockers 64% 67% 62% 0.502
Use of diuretics 97% 96% 97% 0.757
Use of statins 41% 52% 36% 0.044
Use of spironolactone 31% 24% 34% 0.187

Values are presented as means % SD, medians % interquartile ranges, or as frequencies and percentages.
* To convert to pmol/L, devide by 0.118.
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analyses (depicted as per SD increase). In consecutive
multivariate models, GDF-15, hs-CRP, Gal-3, and hs-TnT
were adjusted for age and gender, renal function, HF
etiology, NT-proBNP concentrations, and all other univar-
iate significant biomarkers. Finally, the net reclassification
improvement (NRI) and the integrated discrimination
improvement (IDI), described by Pencina et al, were also
calculated.18 The aim of the NRI was to examine the
prognostic discrimination of integrated discrimination (ID)
on top of clinical risk factors on the primary end point.
Clinical risk factors included age, gender, renal function, HF
etiology, and NT-proBNP concentrations. We used risk
categories of <25%, 25% to 50%, and >50%.

All tests were 2-sided, and a p value <0.05 was
considered statistically significant. All statistical analyses
were performed using STATA version 11.0 (StataCorp LP,
College Station, Texas) and SPSS version 18.0 (SPSS,
Chicago, Illinois).

Results

Characteristics of the study population are described in
Table 1. Medical care was provided according to the
guidelines of the European Society of Cardiology prevailing
at the time of inclusion and execution of the study with
optimal application of therapy (baseline medication,
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Figure 1. ROC curves for NT-proBNP, GDF-15, hs-CRP, Gal-3, and hs-TnT to predict all-cause mortality.

Table 2
Areas under the curve of novel markers versus N-terminal pro-brain-type natriuretic peptide

Novel Marker vs NT-proBNP p Value AUC for Combination of Markers Incremental Power of Novel Marker p Value

GDF-15 vs NT-proBNP <0.001 GDF-15 þ NT-proBNP ¼ 0.78 NT-proBNP vs GDF-15 þ NT proBNP <0.001
hs-CRP vs NT-proBNP 0.488 hs-CRP þ NT-proBNP ¼ 0.68 NT-proBNP vs hs-CRP þ NT-proBNP 0.068
Gal-3 vs NT-proBNP 0.279 Gal-3 þ NT-proBNP ¼ 0.69 NT-proBNP vs Gal-3 þ NT-proBNP 0.039
hs-TnT vs NT-proBNP 0.235 hs-TnT þ NT-proBNP ¼ 0.68 NT-proBNP vs hs-TnT þ NT-proBNP 0.067
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Table 1). At baseline, beta blockers were prescribed in 60%
of the patients. This figure went up to 69% after 1 year of
follow-up. Almost all patients used a blocker of the renin-
angiotensin system (96%) and diuretic therapy (97%) at
baseline. Nonsurvivors were older, more often male, more
frequently had ischemic etiology and diabetes mellitus, and
had lower sodium and estimated glomerular filtration rate.

The median follow-up for survivors was 8.4 (interquartile
range 7.8 to 9.8) years. In total, 151 (72%) patients died.
Nonsurvivors had significantly higher baseline concentrations
of all biomarkers. For each individual marker, the AUC was
plotted against the AUC of NT-proBNP (Figure 1). Only
GDF-15 was significantly better than NT-proBNP in pre-
dicting mortality (Table 2; p <0.001). Figure 2 depicting
Kaplan-Meier survival curves show that all biomarkers
significantly predicted outcome (all p <0.001).

The power of eachnovelmarker incremental toNT-proBNP
was calculated (Table 2). GDF-15 and Gal-3 showed to be of
significant additive value when combined with NT-proBNP
(Table 2; p <0.001 and p ¼ 0.039, respectively) whereas the
other markers only showed marginal changes.

Univariate and multivariate (Table 3) Cox-proportional
hazard regression models were conducted for each variable.

GDF-15 (p ¼ 0.005), hs-CRP (p ¼ 0.001), and hs-TnT (p ¼
0.008) were significant independent predictors for all-cause
mortality, whereas Gal-3 was not (p ¼ 0.638).

Data of survivors and nonsurvivors were adjusted for age,
gender, renal function, HF etiology, and NT-proBNP, and
patients were classified separately into risk categories (<25%,
25% to 50%, and >50%). The NRI and IDI are presented in
Table 4. For the NRI, all markers except Galectin-3 were able
to improve the index significantly. For the IDI, all novel
markers had an incremental value to NT-proBNP.

Discussion

Our study examined the predictive power of GDF-15,
hs -CRP, Gal-3, and hs-TnT incremental to NT-proBNP,
with respect to long-term outcome in patients with advanced
chronic HF. The main findings of the present study are that
GDF-15, hs-CRP, and hs-TnT have independent predictive
power for long-term mortality, incremental to established
clinical and biochemical risk factors. GDF-15 showed to
be the strongest prognosticator. Second, the presence of
each individual marker significantly enhanced integrated
discrimination improvement.

Figure 2. Kaplan-Meier curves reflecting the difference in event-free survival rates for GDf-15, hs-CRP, Gal-3, and hs-TnT above or below their optimal cut-off
points.

834 The American Journal of Cardiology (www.ajconline.org)



NPs have emerged as important biomarkers with a well-
known role in the diagnosis and prognosis of HF.1 However,
concentrations of NP can be elevated in several nonprimary
cardiac diseases, such as pulmonary embolism and/or
hypertension.19,20 After treatment, NP concentrations may
lower, sometimes even normalize, falsely suggesting no
disease at all. Besides myocyte stress, other processes such
as inflammation, neurohormonal modulation, myocyte
injury, oxidative stress, and extracellular matrix remodeling
are recognized as important mechanisms associated with HF
(Figure 3).21

Inflammation is a key process in the development and
progression of chronic HF. GDF-15 has alleged anti-
inflammatory activity and is weakly expressed under normal
conditions.22 GDF-15 belongs to the transforming growth
factor-beta family and has been associated with myocardial
fibrosis.23 Myocardial expression of GDF-15 rapidly
increases during cardiac distress.24 GDF-15 is strongly
associated with adverse outcome in patients with an acute
coronary syndrome and those with stable coronary heart
disease, providing prognostic information beyond hs-CRP
and hs-TnT.6,24,25 However, the role of GDF-15 in chronic
HF patients has been less studied. In a study by Kempf et al,
GDF-15 was an independent predictor of mortality in CHF,
beyond New York Heart Association (NYHA) class, left
ventricular ejection fraction, and NT-proBNP. Mortality
rates at 48 months increased with increasing quartiles of
GDF-15.5 Interestingly, and in contrast to our findings, in
the study by Kempf et al, addition of GDF-15 did not
improve the c statistic of NT-proBNP.5 Our study pop-
ulation consisted of older patients with more advanced HF
with a longer follow-up, presumably leading to subsequent
enhanced predictive power of GDF-15. These differences
likely resulted in subsequent enhanced predictive power for
GDF-15 in our trial.

The prognostic role of GDF-15 in the current study is in
agreement with a previous trial from Anand et al in which
GDF-15 and changes over time were associated with
mortality and first morbid event in HF patients, indepen-
dently of hs-CRP, hs-TnT, and NT-proBNP.6 Yet this study
focused on the value of GDF-15 and compromised a median
follow-up of only 2 years. Patients in this trial had less
advanced heart failure (NYHA class III and IV in 43%)
compared with our study population (NYHA class III and
IV in 100%). Moreover, in the study from Anand, only 33%
of the patients used a beta-blocking agent and only 2%
spironolactone. In our long-term follow-up study, with
a median follow-up of 8.4 years, patients were treated with

Table 4
Net reclassification improvement and integrated discrimination improvement
of multiple markers related to N-terminal pro-brain-type

c Statistics NRI* p Value IDI p Value

NT-proBNP 0.62 referent referent
GDF-15 0.67 18.9 0.006 0.073 <0.001
hs-CRP 0.63 13.5 0.022 0.035 0.015
Gal-3 0.60 6.4 0.184 0.024 0.024
hs-TnT 0.64 12.9 0.027 0.023 0.023

Adjusted for age, gender, renal function, HF etiology, and NT-proBNP.
* Risk categories <25%, 25% to 50%, and >50%.
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beta-blocking agents at entry in 64% of the cases (after
1 year 69%), and 36% of the patients used spironolactone at
baseline (after 1 year 30%). In the ambulatory community-
based Framingham Heart Study, GDF-15 showed to be the
strongest prognosticator with respect to the end points of HF
and death compared with other biomarkers (soluble ST2,
high-sensitivity troponin I, hs-CRP, and BNP).26 These
data, combined with our results, indicate that elevated
concentrations of GDF-15 and changes related to this are
independently associated with prognosis of chronic HF
patients and overall prognosis.

Another more commonly used inflammatory marker
hs-CRP, is a hepatocyte-derived cytokine and currently under
attention for diagnostic and prognostic purposes in HF. Tang
et al concluded that high plasma hs-CRP concentrations
portend poor long-term outcomes in a heart failure with
a reduced ejection fraction (HFrEF) patient cohort indepen-
dently of NP.27 In our multivariate analyses, the additive
value on long-term term outcome of hs-CRP was confirmed.

Adverse and excessive extracellular matrix remodeling
leads to fibrosis and impaired cardiac function. Gal-3 plays
an important regulatory role in cardiac fibrosis and remod-
eling28 and has been suggested as a potential therapeutic
target. In chronic HF, increased plasma concentrations of
Gal-3 were detected. Moreover, Gal-3 concentrations have
additive prognostic value to NT-proBNP in chronic HF with
respect to mortality.9,10 Interestingly, in the present study,
Gal-3 did not show to have independent prognostic value.

Presumably, the adjustments for baseline concentrations
of additional markers (including NT-proBNP) and estab-
lished risk factors, which were not performed in previously
trials, may have attributed to this discrepancy.

Ultimately, because of excessive strain, ischemia, stress,
or inflammation, myocardial cell disruption occurs. This
will lead to release of cytokines, activation of macrophages,

and release of troponins, originating from cardiomyocytes.
Elevated concentrations of high-sensitivity troponin I
and hs-TnT were studied in large cohorts of chronic HF
patients and appeared to be independent predictors for
outcome.11,12,29 The independent prognostic value from hs-
TnT is consistent with our data from multivariate analysis.
In addition, we demonstrated that hs-TnT enhanced risk
classification and integrated discrimination improvement.

The most important limitation of this study is the rela-
tively small sample size. For the present study, we evaluated
the superiority and incremental power of 4 novel markers
predominantly in patients with chronic advanced HFrEF.
Our results cannot be extrapolated to less advanced forms of
HFrEF, acute HF, and/or HF with a preserved left ventric-
ular systolic function (HFpEF). The end point of the present
study was all-cause mortality. Because all patients were in
NYHA class III or IV, it is to be expected that the vast
majority died of a cardiac cause, resulting in an extremely
small group of patients in the study dying of a non-
cardiovascular cause. Although interesting, whether the
selected biomarkers would also predict noncardiac
mortality, we feel that our cohort is too small for a mean-
ingful analysis of noncardiac death. Our findings on the
additive value of novel markers in chronic HF need to be
confirmed in a larger cohort of patients.
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