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Abstract

Aims Inflammation and cardiac remodelling are common and synergistic pathways in heart failure (HF). Emerging biomarkers such
as soluble suppression of tumorigenicity 2 (sST2) and growth differentiation factor-15 (GDF-15), which are linked to inflammation
and fibrosis process, have been proposed as prognosis factors. However, their potential additive values remain poorly investigated.
Methods and results Here, we aimed at evaluating inflammatory and remodelling biomarkers to predict both short-term
and long-term mortality in a population with chronic HF in comparison with other classical clinical or biological markers
(i.e. N terminal pro brain natriuretic peptide, hs-cTnT, C-reactive protein) alone or using meta-analysis global group in chronic
HF risk score in a cohort of 182 patients followed during 80 months (interquartile range: 12.3-90.0). Proportional hazard as-
sumption does not hold for sST2 and C-reactive protein, and follow-up was split into short term (less than 1 year), midterm
(between 1 and 5 years), and long term (after 5 years). In univariate analysis, C-reactive protein and sST2 were predictive
of short-term mortality but not of middle term and long term whereas GDF-15 was predictive of short and mid-term but
not of long-term mortality. In a multivariate model after adjustment for meta-analysis global group in chronic HF score includ-
ing the three markers, only sST2 was predictive of short-term mortality (P = 0.0225), and only GDF-15 was predictive of middle
term mortality (P = 0.0375). None of the markers was predictive of long-term mortality.

Conclusions Our results demonstrate that both sST2 and GDF-15 significantly improve the prognosis evaluation of HF
patients and suggest that the value of GDF-15 is more sustained overtime and could predict middle term events.
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Introduction

Heart failure (HF) results from multiple conditions leading to
structural and functional changes. During the last decade,
several biomarkers alone or in combination exploring the dif-
ferent pathways involved in the development of HF have
been studied to identify subgroups of patients at high risk
of poor outcome. Nowadays, inflammation plays a central
role and conspire with remodelling pathways in the develop-
ment and progression of chronic HF. The interrelationships

between inflammation and remodelling agents are complex,
bidirectional, and not yet completely elucidated.*

C-reactive protein has been established a classical marker
for systemic inflammation. C-reactive protein is produced
mainly by hepatocytes but also by cardiovascular tissues
upon infection, cell aggression, or tissue injury.>> Numerous
studies confirmed that patients with HF has local and sys-
temic inflammation and reported that elevated serum levels
of C-reactive protein is clearly related to cardiovascular
events and to mortality independently of natriuretic
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peptides.*™® Upon local inflammation and/or mechanical or
biochemical stress, cardiac tissues produce protective cyto-
kines such as interleukin 33 (IL-33) and growth differentiation
factor-15 (GDF-15). After binding to the suppression of
tumorigenicity—2 (ST2), a transmembrane receptor, IL-33 ex-
erts anti-inflammatory, antioxidative, antiapoptotic, and
antifibrotic effects on the cardiomyocytes. However, a solu-
ble isoform of ST2 (sST2) could be secreted by injured cardiac
tissue, act as a decoy receptor for IL-33, and could totally
blunt the protective effects of IL-33. As a result, sST2 has
emerged as a potential prognostic marker, independent of
age, renal function, or body mass index.”® GDF-15, a member
of the transforming growth factor-beta cytokine superfamily,
is a stress-responsive cytokine and regulates signalling
pathways essential for cardioprotection. GDF-15 exerts
cytoprotective, antiapoptotic, and antihypertrophic effects
through activation of ALK Type 1 receptors and Smad phos-
phorylation.® During HF GDF-15 seems to be overproduced
mainly in peripheral tissues.’® Based on its biology as a
stress-regulated gene, the circulating levels of GDF-15 reflect
the acute or chronic cell injury and stress.** As a result,
GDF-15 has been identified as a prognostic factor for HF.**

Therefore, to determine the relationship and specific inter-
ests of these distinct biomarkers, witnesses of inflammation
and remodelling could help clinicians to tailor-specific
approaches.

In this context, the aim of our study focused on the evalu-
ation of these emerging biomarkers to predict both
short-term and long-term mortality in a population with
chronic HF in comparison with other classical biological
markers [i.e. C-reactive protein, N terminal pro brain natri-
uretic peptide (NT-proBNP), hs-cTnT] alone or using the
established bioclinical meta-analysis global group in chronic
HF (MAGGIC) risk score.?

Material and methods
Study design

Patients with an established final diagnosis of stable HF
based on criteria of the European Society of Cardiology
were enrolled during their routine follow-up. We collected
the blood samples of each patient. The current work was
a retrospective study, which was based in a previous bio-
logic bank build in 2011 for which we supplemented with
specific biomarkers including sST2,* collagen metabolism
biomarkers,** and GDF-15 (this study). A flow chart of stud-
ies derived from the collection of samples on the popula-
tion with chronic HF was reported in (see Supporting
Information, Figure S1). At inclusion of patients, routine pa-
rameters such as urea, electrolytes, creatinine, NT-proBNP,
hs-cTnT, and C-reactive protein were performed. In

addition, venous blood was collected in dry and EDTA
tubes, immediately centrifuged, and frozen (—80°C) on sev-
eral aliquots until tested 4 or 6 years later before analysis
of sST2 and GDF-15, respectively.

Population

Between May 2010 and February 2011, 182 patients with sta-
ble HF were prospectively included in a single university hos-
pital (CHRU Montpellier, France). All participants provided
written informed consent. The protocol was performed
according to the principles of the Declaration of Helsinki, ap-
proved by the Ethic Committee of Montpellier and the biolog-
ical collection registered by the French government (research
Ministery, # DC-2009-1052).

To be eligible to the study, the patients were previously
(at least 6 months before the inclusion) diagnosed with acute
or chronic HF, as recommended by the European Society of
Cardiology (13). They should present a stable condition as de-
fined by the European Society of Cardiology in 2012. Main in-
clusion criteria were the ability to give informed consent, age
>18 years, and confirmed diagnosis of HF, irrespectively of
the cause or treatments. All clinical available data at the time
of initial visit were collected by two cardiologists from the
medical records of each patient. Comorbidities such as hyper-
tension, diabetes, chronic obstructive pulmonary disease,
chronic kidney disease, pulmonary embolism, myocarditis,
smoking habit, and dyslipidaemia were recorded. Other clini-
cal variables as age, gender, New York Heart Association
(NYHA) class, ischemic aetiology, left ventricular ejection frac-
tion (LVEF), medications [angiotensin-converting enzyme in-
hibitor (ACE) or angiotensin receptor blockers (ARBs),
betablockers, Ivabradine, aldosterone antagonists use, di-
uretics use, anti-platelet agents and anticoagulants use, di-
goxin, statin, antiarrhythmic, and others medications use]
and laboratory values were also reported (Table Z). Main ex-
clusion criteria were unstable angina or acute coronary syn-
drome in the past month, cardiac surgery, and
chemotherapy.

Follow-up and outcomes

After inclusion, patients were followed by their cardiologist
who decided the monitoring frequency according to guide-
lines. In December 2014 then in January 2019, a dedicated
physician was in charge of collecting the clinical data: primary
endpoint (deaths of all causes) and prescription of drugs in-
cluding beta-blockers, ACE inhibitors or ARB, statins, and
the dosage of loop diuretics (milligram per day). Data collec-
tion was performed by analysing the medical files and by
phone with the general practitioner, the patient, or the
family.
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Table 1 Baseline characteristics of all patients with chronic heart failure according to all-cause mortality. Data presented as median (1st

quartile; 3rd quartile) and number of patients with percentage of total

Variable Study population n = 179 Alive n = 90 Deceased n = 89 P
Demographic characteristics
Age (years) 75 [66; 82] 70 [62; 78] 79 [72; 84] <0.001
Gender n (%)
Female 55 (30.7) 33 (36.7) 22 (24.7) —
Male 124 (69.3) 57 (63.3) 67 (75.3) —
Comorbidities n (%)
Hypertension 114 (63.7) 51 (56.7) 63 (70.8) 0.072
Diabetes 63 (35.2) 23 (25.6) 40 (44.9) 0.007
COPD 40 (22.3) 19 (21.1) 21 (23.6) 0.731
Chronic kidney disease 94 (52.6) 35 (38.9) 59 (66.3) <0.001
Pulmonary embolism 11 (6.1) 5 (5.6) 6 (6.7) 0.774
Myocarditis 1 (0.6) 1(1.1) 0 (0) 1.000
Smoking habit 86 (48) 47 (52.2) 39 (43.8) 0.293
Dyslipidaemia 86 (48) 45 (50) 41 (46.1) 0.659
Heart failure characteristics n (%)
NYHA class
| 10 (5.6) 7 (8) 3(3.4) —
1l 54 (30.5) 34 (38.6) 20 (22.5) —
1] 82 (46.3) 38 (43.2) 44 (49.4) —
\Y, 31(17.5) 9(10.2) 22 (24.7) 0.007
Ischemic cardiopathy 87 (53.7) 43 (51.2) 44 (56.4) 0.538
Defibrillator 50 (27.9) 25 (27.8) 25 (28.1) 1.000
Medication use n (%)
ACE inhibitors or ARBs 123 (68.7) 70 (77.8) 53 (59.6) 0.009
Betablockers 120 (67) 64 (71.1) 56 (62.9) 0.266
Ivabradine 7 (3.9) 2(2.2) 5(5.6) 0.277
Aldosterone antagonists 53 (29.6) 36 (40) 17 (19.1) 0.004
Diuretics 128 (71.5) 63 (70) 65 (70) 0.736
Antiplatelet agent 14 (7.8) 7 (7.8) 7 (7.9) 1.000
Anticoagulant therapy 18 (10.1) 9(10.1) 9(10) 1.000
Statin 16 (8.9) 7 (7.8) 9(10.1) 0.621
Anti-arrhythmic 11 (6.1) 6 (6.7) 5 (5.6) 1.000
Others 8 (4.5) 2(2.2) 6 (6.7) 0.164
Clinical Measures
Body mass index (kg/mz) 26.1 [23; 30] 27 [23; 31] 25 [23; 29] 0.221
LVEF (%) 35 [25; 45] 35 [29; 47] 35 [25; 45] 0.203
Biomarkers
Urea (mmol/L) 9.5[7; 14] 81[6; 11] 12 [8; 18] < 0.001
Creatinine (umol/L) 102 [83; 138] 88 [76; 119] 117 [93; 156] <0.001
eGFR CKD-EPI (mL/min/1.73 mz) 54 [38; 76] 65 [50; 86] 48 [33; 65] <0.001
NT-proBNP (ng/L) 2503 [867; 5645] 1583 [5554; 3432] 3312 [1798; 9655] < 0.001
Hs-cTnT, ng/L 43 [20; 133] 32 [15; 92] 56 [31; 155] 0.001
C-reactive protein (mg/L) 6 [2; 26] 41[2;18] 13 [3; 30] 0.009
sST2 (ng/mL) 37 [20; 71] 26 [15; 48] 48 [28; 91] <0.001
GDF-15 (ug/mL) 3321 [1804; 5767] 2387 [1416; 3677] 5018 [3050; 8851] <0.001
Systolic blood pressure (mmHg) 120 [110; 140] 120 [110; 140] 120 [110; 139.2] 0.47
Time from diagnosis (months) 11.64 [0.27;54.71] 5.26 [0.16; 49.45] 19.74 [0.43;58.36] 0.109

ACE, angiotensin-converting enzyme; ARB, angiotensin receptor blocker; COPD, chronic obstructive pulmonary disease; eGFR CKD-EPI,
estimated glomerular filtration rate chronic kidney disease-epidemiology collaboration; hs-cTnT, high-sensitivity cardiac troponin T; LVEF,
left ventricular ejection fraction, NT-proBNP, N terminal pro brain natriuretic peptide; NYHA, New York Heart Association; sST2, soluble
suppression of tumorigenicity 2; GDF-15, growth differentiation factor-15

Biochemical analysis

Determination of C-reactive protein was run on the
Cobas8000/e502© analyzer (Roche Diagnostic, Meylan,
France) using immunoturbidimetric method. From dry tube,
the NT-proBNP and hs-cTnT levels were determined using
an immuno-electrochemiluminescence assay on the
Cobas8000/e602©  immunochemistry  system  (Roche
Diagnostics, Meylan, France). In February 2019, GDF-15
was determined on the same module by

immuno-electrochemiluminescence method with a commer-
cial kit from Roche according to the instructions of manufac-
turer, from serum aliquot never thawed. sST2 plasma
concentrations were measured with a high-sensitivity sand-
wich monoclonal immunoassay (Presage© ST2 assay, Critical
Diagnostics, San Diego, California, distributed in France by
Eurobio society) using an EDTA plasma aliquot never thawed.
All other biochemistry parameters as urea and creatinine
were performed on Cobas 8000/c7011 (Roche, Meylan,
France).
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Statistical analysis

Categorical data are expressed as count (percentage). Contin-
uous data are expressed as median (1st quartile; 3rd quar-
tile). In descriptive statistics, comparisons between two
groups were performed using the Mann—Whitney U test for
continuous variables and the y? test for categorical variables.
Kruskal-Wallis test was used to compare continuous variables
across more than two groups. Survival curves were generated
using a Kaplan—Meier nonparametric estimator, and a
log-rank test was used to compare multiple survival distribu-
tions. Survival analysis was performed using the Cox propor-
tional hazard model to evaluate associations between
clinical and biological parameters and all-cause mortality.
For each patient, we calculated the MAGGIC project HF risk
score, which included 13 routinely available variables.*®
Partial correlation analysis was used to evaluate correlations
between biomarkers

Cox proportional hazard depends on the assumption that
the coefficient of the model, and thus, the hazard ratio
(HR) is constant over time. A plot of the Schoenfeld resid-
uals according to time of follow-up was used to test
whether coefficients of the Cox model could be considered
as constant over time. To further explore change of HR
over time, follow-up period was split in short term (less
than 1 year), middle term (between 1 and 5 years), and
long term (after 5 years), and interactions between the
time period and the baseline value of the predictors were
computed. These periods of time have been chosen be-
cause in the overall patient cohort, the 12 and 60-month
mortality rates were 20% and 47%, respectively. Feature se-
lection was performed using stepwise procedure based on
the Akaike’s information criterion (AIC). Additional value
of biomarkers was assessed by comparing C-index of Cox
models including MAGGIC score alone and final model in-
cluding biomarkers. Bootstrapping was used to estimate
the difference of C-index. Analysis was performed using R
3.5.3 (R Core team, Vienna, Austria) and the survival pack-
age. P < 0.05 was considered as significant.

Results

Out of 182 consecutive patients included from May 2010 to
February 2011, biochemical measurements and vital status
were available for 179 patients, which were included in
our analysis. Median follow-up period was 80 months (in-
terquartile range 12.3 to 90 months), and total follow-up
was 834.9 person year. In the overall patient cohort, there
were 89 deaths, the 12, 60, and 96 months mortality rates
were 20%, 47%, and 51%, respectively. Clinical and bio-
chemical variables in survivors vs. deceased are reported
in Table 1. Among all comorbidities, only diabetes and

chronic kidney disease were associated with excess mortal-
ity. The NYHA class at baseline tended to be higher among
decedents than survivors. Median LVEF was not significantly
different between the two groups of patients. All median
biochemical parameters values including sST2 and GDF-15
biomarkers were statistically significantly higher in deceased
patients vs. alive. Mortality, assessed by Kaplan—Meier
curves, clearly increased across quartiles of C-reactive pro-
tein, sST2, and GDF-15 (Figure 1, P < 0.001 for all). In ad-
dition, preliminary results show that C-reactive protein,
GDF-15, and sST2 predicted mortality in patients with pre-
served ejection fraction (see Supporting Information, Table
S1).

Cox analysis after splitting the follow-up in short
term (less than 1 year), middle term (between 1
and 5 years) and long term (after 5 years)

Schoenfeld residuals were used to explore correlation be-
tween HRs and time. There was reasonable evidence that
proportional hazard assumption does not hold for
C-reactive protein (P < 0.001) and sST2 (P = 0.007) (Figure
2A and B). As demonstrated by the Schoenfeld plot, coeffi-
cients of the Cox model seem to decrease over time, meaning
that C-reactive protein and sST2 could be strong predictors in
the first years of follow-up. On the other hand, coefficient for
GDF-15 seems quite constant over time (Figure 2C). A
time-split Cox model was built to investigate HR at different
follow-up periods.

In univariate analysis, the three markers were significant
predictors of mortality during the whole follow-up (C-reactive
protein, P = 0.001; sST2, P < 0.001; GDF-15, P < 0.001). Age,
NYHA stage and MAGGIC score, hypertension, ACE
inhibitor/ARB, and mineralocorticoid receptor antagonist
treatments were also significant predictor of mortality
(Table 2).

In multivariate analysis, after adjustment for the MAGGIC
score at enrolment and mineralocorticoid antagonists use,
ability of C-reactive protein to predict mortality did not reach
significance at short term (HR = 1.48, P = 0.19), middle term
(HR =0.87, P=0.55), or long term (HR = 1.46, P = 0.52). Only
sST2 predicted short-term mortality (HR = 2.74, P = 0.046),
only GDF-15 predicted middle-term mortality (HR = 2.9, P =
0.046), and none predicted long-term mortality (Figure 3).
MAGGIC score and mineralocorticoid receptor antagonists
treatments significantly predicted mortality during the whole
follow-up (HR = 1.09, P = 0.001 and HR = 0.46, P = 0.009,
respectively).

In order to evaluate the interest of considering biomarkers
to predict mortality, we assessed C-index of Cox models
based on MAGGIC score only or full multivariate model as se-
lected previously. In the study population, C-index of the mul-
tivariate model was 0.77 and 0.72 for the MAGGIC model.
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Figure 1 Kaplan—Meier curves for all-cause mortality based on quartiles of C-reactive protein, soluble suppression of tumorigenicity 2, and growth

differentiation factor-15.
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Bootstrapping the difference in C-statistic (500 bootstraps)
indicated that including biomarkers in the model increased
C-statistic by 0.065 (0.04—0.099). Moreover, AIC of the bio-
marker model was lower than that of MAGGIC-only model
(762 vs. 779).

Discussion

To our knowledge, this study is the first to evaluate utility
of inflammation and remodelling biomarkers in mortality

risk in patients with chronic HF in short, middle, and long
term.

Here, we showed that these biomarkers are able to pro-
vide additional information in multivariate cox analysis:

(1) C-reactive protein and sST2 are independent predictor
for short term

(2) GDF-15 significantly predicts mid—term mortality

(3) and none of them could significantly predict outcome at
long term. Clearly, these biomarkers could provide com-
plementary information to the gold-standard natriuretic
peptides.
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Table 2 Univariate Cox model at total follow-up and test of proportional hazard assumption. Schoenfeld residual test represents test of
correlation between Schoenfeld residuals and time in the Cox regression. P values <0.05 indicate that proportional hazard assumption is
not met

0,
sl Schoenfeld residual test P value

Variable Level HR (95%Cl) P

Age 1.044 [1.023-1.066] <0.001 0.474

Gender Female 1 — 0.479
Male 1.492 [0.921-2.415] 0.104

Ejection Fraction 0.987 [0.972-1.003] 0.101 0.994

NYHA class 1.603 [1.226-2.095] 0.001 0.545

MAGGIC score 1.156 [1.109-1.205] <0.001 0.595

C-reactive protein (log 10) 1.736 [1.262-2.389] 0.001 0.0009

sST2 (log10) 3.463 [2.186-5.488] <0.001 0.00678

GDF-15 (log10) 8.2 [4.57-14.711] <0.001 0.261

NT-proBNP (log10) 2.827 [1.949-4.101] <0.001 0.03

Hs-cTnT (log10) 1.568 [1.199-2.051] 0.001 0.571

Sodium 0.986 [0.936-1.039] 0.602 0.386

Hypertension No 1 — 0.305
Yes 1.601 [1.014-2.529] 0.044

Atrial fibrillation No 1 — 0.792
Yes 1.117 [0.516-2.416] 0.78

Betablockers No 1 — 0.0736
Yes 0.709 [0.461-1.09] 0.117

MRA No 1 — 0.457
Yes 0.454 [0.267-0.77] 0.003

ACEi/ARB No 1 — 0.498
Yes 0.533 [0.349-0.815] 0.004

Potassium 1.141 [0.762-1.709] 0.523 0.442

Systolic blood pressure 0.996 [0.984-1.008] 0.543 0.59

ACEi, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker; Cl, confidence interval; GDF-15, growth differentiation
factor-15; HR, hazard ratio; Hs-cTnT, high-sensitivity cardiac troponin T; LVEF, left ventricular ejection fraction; NT-proBNP, N terminal pro
brain natriuretic peptide; NYHA, New York Heart Association; sST2, soluble suppression of tumorigenicity 2

Figure 3 Multivariate Cox model after Akaike’s information criterion-based feature selection. Coloured rectangles indicate biomarker-associated haz-
ard ratios; each biomarker has been assessed for short-term, middle-term, and long-term prediction of mortality. CRP, C-reactive protein; GDF-15,
growth differentiation factor-15; LVEF, left ventricular ejection fraction; MAGGIC, meta-analysis global group in chronic heart failure; MRA, mineralo-
corticoid receptor antagonist; sST2, soluble suppression of tumorigenicity 2
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Interrelated pathophysiological pathways and
additional values of natriuretic peptides, sST2,
and GDF-15

First of all, our results confirmed that GDF-15 levels are dra-
matically increased in chronic HF because the values ob-
served are in agreement with previous data.**™*° In
addition, a clear relationship was observed between the
GDF-15 level and the NYHA stage (Figure S2). It should be
noted that in our clinical centre, we are often dealing with ad-
vanced HF, including evaluation for possibilities of chronic
mechanical assistance or heart transplantation. Similarly,
sST-2 levels were in agreement with the levels published in
chronic HF.*32°

Univariate analysis confirmed that both NT-proBNP, hs-
TnT, C-reactive protein, sST2, and GDF-15 predict mortality
in stable chronic HF (Table 2).2** Although the study popula-
tion had mainly reduced ejection fraction, complementary
analysis in patients showed that C-reactive protein, GDF-15,
and sST2 predicted mortality in patients with preserved ejec-
tion fraction (Table S1). This point was previously reported
with sST-2,%* but our study extended this finding to GDF-15.
Further studies regarding biomarkers in HF with preserved
ejection fraction are thus needed.

Interestingly, multivariate analysis including clinical and bi-
ological parameters (Figure 3) or bioclinical score demon-
strates that sST2 and GDF-15 are the strongest predictive
biomarkers. sST2 and GDF-15 have not proved to be efficient
as diagnostic markers®*23 but are clearly recognized as prog-
nostic biomarkers.2?*%> sST2 was identified as a valuable
prognostic biomarker in HF, independent from age, kidney
function, anaemia, or body mass index.?®?” The prognostic
value of GDF-15 has first been observed in HF patients
followed only 2 years,® but has been also suggested to pre-
dict development of HF in middle-aged non-HF patients. Im-
portantly, GDF-15 had the best level of prediction to predict
all-cause mortality and incident HF in comparison with sST2
and BNP.?® In addition, partial correlation analysis only
showed a weak relationship was observed between
C-reactive protein and GDF-15 suggesting that GDF-15 path-
way did not overlap with inflammatory process.?® By con-
trast, sST2 is clearly linked to C-reactive protein in Chronic
Heart Failure (CHF) suggesting interrelated pathways?
(Figure S3).

Additional values of biomarkers over time

The main finding of our study is the differential information
over time of these biomarkers. The multivariate analysis
(Table 2), considering time as a continuous variable, sug-
gests that C-reactive protein only predicts mortality in the
early stage of follow-up, while sST2 seems to be associated
at any time to mortality. GDF-15 was strongly associated to

the long-term prognosis. The long-term prognostic value of
GDF-15 has been already suggested in large cohort of gen-
eral population,*”*%3? coronary heart disease,*® and HF.*?
However, taking into account time as a continuous variable
is highly dependent of the cumulative mortality and could
underestimate the late divergence of survival curves. The
difference overtime is further demonstrated by the
Schoenfeld plot coefficients showing that the prediction of
mortality decreases rapidly for C-reactive protein and sST2
while it remains constant for GDF-15. Thus, we decided
to slice the follow-up time in short-term, middle-term,
and long-term periods (i.e. <1 year, between 1 and 5
years, and over 5 years). These periods of time have been
chosen because in the overall patient cohort, the 12 and 60
months mortality rates were 20% and 47%, respectively.
Clearly, C-reactive protein and sST2 prediction has the
same kinetics, with a significant prognosis value restricted
at 1 year, while GDF-15 prediction is sustained over 5
years. Here again, this finding sustains the close relation-
ship between inflammation and sST2. In correlation analysis
(Figure S3), only a weak relationship was observed between
C-reactive protein and GDF-15 suggesting that GDF-15 path-
way did not overlap with inflammatory process.?® By con-
trast, sST2 is clearly linked to C-reactive protein in CHF
suggesting interrelated pathways. Local inflammation has
been identified as a main enhancing factor for sST2 secre-
tion,3*73> which could in turn be a bridge between inflam-
mation and fibrosis.*>3¢>® By contrast, GDF-15 appears as
a more integrative biomarker of global prognosis, thus
explaining such a prolonged forecasting effect. Elevated
levels of GDF-15 have been found in chronic HF and in
acute coronary syndromes,** but also in several conditions
likewise diabetes mellitus, renal dysfunction, higher ages,
physical inactivity, current smoking, atrial fibrillation, and
cancer.™ It might precisely be the lack of cardiac specificity,
which may explain such a major prediction strength of Car-
diovascular (CV) risk and all-cause mortality. Indeed, in HF
patients volume overload is frequently associated to other
comorbidities, including bad lifestyle, aging, systemic abnor-
malities (renal impairment for example), but also bad life-
style, aging.3® Interestingly, it has been reported in
general population that poor health behaviours (smoking
habits, inactivity, nutritional disorders ...) and presence of
modifiable cardiovascular risk factors (high blood pressure,
cholesterol, glucose intolerance, and obesity) are associated
with high levels of GDF-15.%° In addition, in a cohort of 324
same-sex twins, it has been shown that half of the varia-
tion in GDF-15 could be attributed to individual-specific en-
vironmental influences.*® In our study, we have observed a
significant relationship between GDF-15 and age [linear re-
gression coefficient: = 0.270.01 (0.005-0.014), P < 0.01],
LDL [—0.106 (-0.176--0.035), P = 0.004] (Table S2), diabetes
(median GDF level in diabetic group: 4506 ng/L vs. 2922 in
nondiabetic group, P < 0.001). However, no relationship
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was found between GDF-15, hypertension, body mass in-
dex, and active smoking. Taken together, these data sug-
gest that in our population of CHF, the relationship
between hypertension and lipids could be altered by treat-
ments (mainly statins or antihypertensive drugs). GDF-15
could be an indicator of environmental health disorder,
which could lead to poor long-term outcome. Indeed,
GDF-15 predicted accurately the renal function decline (in-
dependent of potential confusing factors),** noncardiac
death from malignant causes and non CV death.*

Multimarker approach

Finally, it has been shown that GDF-15 levels did not decrease
despite the therapies prescribed in clinical trials suggesting
that GDF-15 could reflect a non-completely understood path-
ophysiological axis,>*® the so-called residual risk.

For all these reasons, using a multi-biomarker approach is
appealing. In this strategy, each marker reflects distinct path-
ophysiological processes,* helping to tailor more accurately a
patient-centred approach.

Our study suffered from several limitations

First, this is a single centre study. Patients are then treated
according to a single centre experience. Our population of pa-
tients has been included between 2010 and 2011, then, none
of the patients might have been treated by the Sacubitril—
Valsartan association. However, every patient was treated
according to the previous HF guidelines, using maximal toler-
ated dose medications.

Second, primary outcome was all-cause mortality, and the
proportion of major adverse cardiovascular events or rehos-
pitalization for HF hospitalization from HF could not be
analysed because these data are not available on the whole
follow-up period.

Then, our study included only 182 patients. However,
those patients were included in the relatively short period
of time, representing a real-world chronic HF population.
Moreover, all patients were treated according to the
European Society of Cardiology guidelines. Importantly, we
obtained vital status of 179 over the 182 patients (only few
loss of follow-up).

Our study is only observational and not powered to inves-
tigate the impact of interventions on these biomarkers.

Conclusions

To our knowledge, our study is the first to evaluate the infor-
mation of different biomarkers representing various patho-
physiological pathways involved in inflammation and cardiac

remodelling on both short-term and long-term follow-up. It
demonstrated that sST2 and GDF-15 are individually signifi-
cantly improving the prognosis evaluation of HF patients.
GDF-15 seems to be more representative of the
middle-term prognosis, while sST2 is more linked to a
short-term prognosis evaluation. Because GDF-15 is less mod-
ified by HF treatments, we could propose different uses for
these biomarkers. For instance, sST2 could be promising to
guide therapy whereas GDF-15 could reflect more long-term
outcomes requiring specific long-term adaptations (such as
adapted rehabilitation programmes repeated at various
frequencies). Prospective trials based on these appealing
approaches are lacking until now.
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Figure S1. Flow chart of studies derived from the collection of
samples on a population with chronic HF (DC-2009-1052).
Figure S2. GDF-15 level according to NYHA stage in the study
population P-value indicates kruskal-wallis test of difference
between the four groups.

Figure S3. partial correlation network of GDF-15, sST2 and
CRP in the study population.

study population.
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