Original Article
Clinical Chemistry

) Ann Lab Med 2023;43:253-262
-~ https://doi.org/10.3343/alm.2023.43.3.253

S |SSN 2234-3806  eISSN 2234-3814

ANNALS OF
LABORATORY
MEDICINE

Prognostic Value of Combined Biomarkers in Patients
With Heart Failure: The Heartmarker Score

Jonna A. van der Stam @, M.Sc.}23*, Sjoerd Bouwmeester ®, M.D.**, Saskia L. M. van Loon @, Ph.D.13,
Natal A. W. van Riel ®, Ph.D.2%% Lukas R. Dekker ®, Ph.D.*®, Arjen-Kars Boer ®, Ph.D.?2, Patrick Houthuizen ®, Ph.D.%,

and Volkher Scharnhorst @, Ph.D.}?3

'Clinical Laboratory, Catharina Hospital Eindhoven, Eindhoven, the Netherlands; ?Department of Biomedical Engineering, Eindhoven University of
Technology, Eindhoven, the Netherlands; *Expert Center Clinical Chemistry Eindhoven, Eindhoven, the Netherlands; “Department of Cardiology, Catharina
Hospital, Eindhoven, the Netherlands; *Department of Vascular Medicine, Amsterdam University Medical Centers, Amsterdam, the Netherlands;

®Department of Electrical Engineering, Eindhoven University of Technology, Eindhoven, the Netherlands

Background: Heart failure (HF) biomarkers have prognostic value. The aim of this study
was to combine HF biomarkers into an objective classification system for risk stratification
of patients with HF.

Methods: HF biomarkers were analyzed in a population of HF outpatients and expressed
relative to their cut-off values (N-terminal pro-B-type natriuretic peptide [NT-proBNP]
>1,000 pg/mL, soluble suppression of tumorigenesis-2 [ST2] >35 ng/mL, growth differ-
entiation factor-15 [GDF-15] >2,000 pg/mL, and fibroblast growth factor-23 [FGF-23]
>95.4 pg/mL). Biomarkers that remained significant in multivariable analysis were com-
bined to devise the Heartmarker score. The performance of the Heartmarker score was
compared to the widely used New York Heart Association (NYHA) classification based on
symptoms during ordinary activity.

Results: HF biomarkers of 245 patients were analyzed, 45 (18%) of whom experienced
the composite endpoint of HF hospitalization, appropriate implantable cardioverter-defi-
brillator shock, or death. HF biomarkers were elevated more often in patients that reached
the composite endpoint than in patients that did not reach the endpoint. NT-proBNP, ST2,
and GDF-15 were independent predictors of the composite endpoint and were thus com-
bined as the Heartmarker score. The event-free survival and distance covered in 6 min-
utes of walking decreased with an increasing Heartmarker score. Compared with the
NYHA classification, the Heartmarker score was better at discriminating between different
risk classes and had a comparable relationship to functional capacity.

Conclusions: The Heartmarker score is a reproducible and intuitive model for risk stratifi-
cation of outpatients with HF, using routine biomarker measurements.
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INTRODUCTION

classification provides a simple method of classifying the sever-

ity of HF and has also been adopted in the European Society of

In current clinical practice, the New York Heart Association
(NYHA) classification is widely used to classify patients with
heart failure (HF) according to their symptoms [1]. The NYHA

https://doi.org/10.3343/alm.2023.43.3.253

Cardiology (ESC) HF guidelines [2], which emphasize the im-
portance of prognostic stratification. The NYHA classification
system is subjective, poorly reproducible, and difficult to follow
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over time, as patients might restrict their activities with worsen-
ing HF, potentially leading to false improvement. This classifica-
tion also has limited predictive power [3-7]. There is a need for
a new method of objective risk stratification of patients with HF.

Biomarkers are attractive candidates for risk stratification, be-
cause they are objective and reproducible. In addition to well-
established natriuretic peptides [7-9], several novel HF biomark-
ers have been reported to have prognostic value [10-17]. Solu-
ble suppression of tumorigenesis-2 (ST2) expression is associ-
ated with cardiac remodeling and fibrosis. Growth differentiation
factor-15 (GDF-15) is related to apoptosis, and its expression is
induced in cardiomyocytes that experience metabolic stress. Fi-
broblast growth factor-23 (FGF-23) is associated with left ven-
tricular hypertrophy [18-20]. As these biomarkers are linked to
different pathways in HF, they may have independent and syn-
ergistic prognostic value.

Apart from its prognostic value, the NYHA classification is as-
sociated with functional capacity, as an increase in NYHA class
is associated with a decrease in the distance covered during 6
min of walking [21]. The HF biomarker N-terminal pro-B-type
natriuretic peptide (NT-proBNP) also correlates with the 6-min
walking distance in patients with left ventricular systolic dysfunc-
tion, indicating that a score based on multiple HF biomarkers
could also be associated with functional capacity [22].

We aimed to evaluate the prognostic value of a new stratifica-
tion and risk score based on combined HF biomarkers and its
relationship with functional capacity in an unselected cohort of
outpatients with HF with reduced ejection fraction (HFrEF), mildly
reduced ejection fraction (HFmrEF), or preserved ejection frac-
tion (HFpEF). The HF biomarker-based risk score was further
compared to the routinely used NYHA classification.

MATERIALS AND METHODS

Study design

The Heart Failure Classification (HaFaC) trial (https://trialsearch.
who.int/Trial2.aspx?TriallD=NTR7466) is a prospective, non-ran-
domized, observational, single-center study conducted in a ter-
tiary hospital (Catharina Hospital Eindhoven, the Netherlands)
that aims to develop objective data-based classification of HF
patients. The ethics committee and local institutional review board
(Medical Research Ethics Committees United, the Netherlands,
study number NL60579.100.17) approved the study.

Population
From December 2017 to September 2019, patients referred to
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the echocardiography laboratory with suspected or known HF,
based on ESC guidelines, were prospectively included in the
study. Patient eligibility was assessed by an experienced cardi-
ologist. Inclusion criteria were aged >18 years and willing and
able to provide written informed consent. Exclusion criteria were
recent cardiothoracic surgery (<90 days) or pregnancy. Prior to
data analysis, patients without structural and/or functional car-
diac abnormalities or for whom one of the biomarkers could not
be measured for practical reasons were excluded [23]. Of the
610 patients that were contacted to screen for eligibility to par-
ticipate in the trial, 278 patients with (suspected) HF who were
referred to the echocardiography lab were enrolled; patients
were not enrolled if no member of the study team was available,
the patient could not be reached in time to mail out the patient
information folder, the patient was already enrolled in another
trial, or the patient declined to participate. Thirty-three patients
were excluded from the analysis because of either the absence
of HF (N=25) or a missing biomarker value (N=8), leaving 245
patients included in the analysis. The remaining patients were
diagnosed as having HFrEF (left ventricular ejection fraction [LVEF]
<40%), HFmrEF (LVEF 41%-49%), and HFpEF (LVEF >50%).

Data collection

At the baseline visit, all patients underwent a comprehensive
transthoracic echocardiographic examination using commer-
cially available equipment (Philips iE33 or Philips EPIQ, Ando-
ver, MA, USA). Standard 2D and Doppler echocardiographic
measurements were performed following American Society of
Echocardiography (ASE)/European Association of Cardiovascu-
lar Imaging (EACVI) guidelines [24]. LVEF was calculated using
the modified biplane Simpson’s rule [24]. Blood samples were
collected directly after echocardiographic examination while the
patient was still in the supine position. NT-proBNP levels were
determined routinely at the Department of Clinical Chemistry
(Elecsys pro B-Type Natriuretic Peptide [BNP] Il assay; Roche
Diagnostics, Mannheim, Germany). The measurements of ST2
(SEQUENT-IA ST2 Assay, Critical Diagnostics, San Diego, CA,
USA), GDF-15 (Elecsys GDF-15 assay, Roche Diagnostics, Mann-
heim, Germany), and FGF-23 (LIAISON FGF 23 assay, DiaSorin,
Saluggia, Italy) were conducted as batch tests according to the
manufacturer instructions. The functional status of HF patients
was objectively assessed via the 6-minute walking test (6MWT)
[25, 26] during the baseline visit, performed on a standardized
10-m course in the corridor. The baseline NYHA classification
determined by the attending physicians was used for compari-
son [2].
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Table 1. Baseline characteristics and comparison of the groups that did not and did reach the composite endpoint
Parameter Total No composite endpoint Composite endpoint P*
N 245 200 45
Age (yr), median (IQR) 70 (61-76) 70 (61-76) 71 (64-79) 0.04
Male, N (%) 172 (70) 140 (70) 32(71) 1.00
BMI (kg/m?), median (IQR) 26 (24-30) 26 (24-29) 28 (24-32) 0.24
LVEF, N (%) 43 (33-49) 45 (36-49) 33 (26-43) <0.01
6MWT distance (m), median (IQR) 350 (290-400) 350 (300-400) 320 (230-360) <0.01
Type of HF, N (%)
HFrEF 104 (42) 74 (37) 30 (67) <0.01
HFmrEF 86 (35) 77 (38) 9(20) 0.02
HFpEF 55 (22) 49 (24) 6 (13) 0.12
Comorbidities, N (%)
Diabetes 38 (16) 21(11) 17 (38) <0.01
Hypertension 123 (50) 97 (49) 26 (58) 0.32
Arrhythmia 148 (61) 119 (60) 29 (64) 0.62
COPD 26 (11) 21(11) 5(11) 1.00
NYHA class, N (%)
I 81(33) 78 (39) 37 <0.01
Il 97 (40) 77 (38) 20 (44) 0.50
I 60 (24) 41(20) 19 (42) <0.01
v 7Q) 4(2) 37 0.12
Laboratory parameters, median (IQR)
eGFR/CKD-EPI, mL/min/1.73 m? 65 (22) 68 (21) 53 (23) <0.01
NT-proBNP, pg/mL 712 (380-1,629) 618 (298-1,232) 2,049 (1,191-4,902) <0.01
GDF15, pg/mL 1,749 (1,168-2,786) 1,565 (1,072-2,438) 2,963 (1,970-4,983) <0.01
ST2, ng/mL 16 (12-24) 15 (12-21) 22 (16-40) <0.01
FGF23, pg/mL 71 (58-94) 70 (56-87) 76 (67-122) <0.01
Laboratory parameters > cut-off value, N (%)
NT-proBNP > 1,000 pg/mL 97 (40) 62 (31) 35(78) <0.01
GDF-15 >2,000 pg/mL 102 (42) 69 (34) 33(73) <0.01
ST2 >35 ng/mL 26 (11) 12 (6) 14 (31) <0.01
FGF-23 >95.4 pg/mL 60 (24) 41 (20) 19 (42) <0.01
Medication, N (%)
B-blockers 193 (79) 159 (80) 34(77) 0.68
Angiotensin-converting enzyme inhibitors 140 (58) 113 (57) 27 (61) 0.62
Angiotensin type 2 receptor blockers 58 (24) 50 (25) 8(18) 0.43
Angiotensin receptor neprilysin inhibitor 5(2) 3(2) 2(5) 0.22
Loop diuretics 116 (48) 85 (43) 31(70) <0.01
Spironolacton 77 (32) 56 (28) 21 (48) 0.02

*P-values are based on statistical comparisons of the groups that reached or did not reach the composite endpoint.

Abbreviations: LVEF, left ventricular ejection fraction; HF, heart failure; NYHA, New York Heart Association; NT-proBNP, N-terminal pro-B-type natriuretic
peptide; ST2, suppression of tumorigenesis-2; GDF-15, growth differentiation factor-15; FGF-23, fibroblast growth factor-23; BMI, body mass index; HFrEF,
heart failure with reduced ejection fraction; HFmrEF, heart failure with mildly reduced ejection fraction; HFpEF, heart failure with preserved ejection fraction;
COPD, chronic obstructive pulmonary disease; eGFR, estimated glomerular filtration rate; CKD-EPI, Chronic Kidney Disease Epidemiology Collaboration.
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Follow-up

Information on HF hospitalization and appropriate implantable
cardioverter-defibrillator (ICD) shocks during the 1-year follow-
up period was obtained through a systematic review of the medi-
cal records. Data on all-cause mortality during the 1-year follow-
up period were collected from the Dutch Civil Registry. The pri-
mary outcome was a composite of hospitalization for HF, appro-
priate ICD shock, or death.

Statistical analysis
Baseline characteristics are expressed as medians and inter-
quartile ranges (IQRs) in the case of numerical data or as counts
and percentages in the case of binominal data. Comparisons
between groups were made using the Mann-Whitney U test for
numerical data and Fisher’s exact test for binominal data.
Biomarker values were converted into binominal values based
on whether the patient’s laboratory results exceeded the estab-
lished cut-off value obtained from the literature: NT-proBNP
>1,000 pg/mL (conversion*0.118 for pmol/L), ST2 >35 ng/mL,
GDF-15 >2,000 pg/mL, and FGF-23 >95.4 pg/mL [15, 27, 28]
[manufacturer’s instructions, LIAISON FGF 23 assay, DiaSorin,
Saluggia, ltaly]. Univariate and multivariate Cox regression anal-
yses were performed, and hazard ratios (HRs) and 95% confi-
dence intervals (Cls) were calculated. The combined “Heartmar-
ker score” was calculated based on the number of biomarkers
for which the patient exceeded the stated threshold; only vari-
ables that remained significant in the multivariate analyses were
included. Kaplan—Meier survival curves were plotted to compare
event-free survival over the 1-year follow-up period according to
the Heartmarker score and NYHA class. Pairwise comparisons
between groups in the Kaplan—Meier curves were performed
using log-rank tests with the Benjamin and Hochberg correc-
tion. The distance covered in the GBMWT is presented in boxplots,
and significant differences in distance across different classifi-
cation levels were assessed using the Kruskal-Wallis rank-sum
test. For all comparisons, P<0.05 was considered statistically
significant. All analyses were performed using R version 4.0.5
and RStudio 1/2/1335 (R Foundation for Statistical Computing,
Vienna, Austria; RStudio Inc., Boston, MA, USA).

RESULTS

Patient characteristics

Of the 245 patients, 45 (18%) experienced at least one of the
events in the composite endpoint (ICD shock [N=3], hospital
admission due to HF [N=38], death [N=16]) within the 1-year
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follow-up period. The patient characteristics are shown in Table
1. The study population had a median age of 70 (IQR 61-76)
years, the median body mass index (BMI) was 26 (IQR 24-30)
kg/m?, and the majority of the patients were male (70%). The
population included patients with all three subtypes of HF: HFrEF
(42.45%), HFmrEF (35.10%), and HFpEF (22.45%). The larg-
est proportion of patients had an NYHA classification of Il (40%),
while only a small proportion had an NYHA class of IV (3%).
Table 1 also includes a statistical comparison of patients who
did and did not reach the composite endpoint. Patients who did
experience the composite endpoint had a lower LVEF than those
who did not experience the composite endpoint (33% vs. 45%,
P<0.01). A significantly larger proportion of patients who reached
the composite endpoint had HFrEF (P<0.01), and a significantly
smaller proportion had HFmrEF (P=0.02). A significantly smaller
proportion of patients who experienced the composite endpoint
had an NYHA class of | (P<0.01), and a significantly larger pro-
portion of patients who reached the composite endpoint had an
NYHA class of lll (P<0.01). A higher proportion of patients who
reached the composite endpoint suffered from diabetes (38%
vs. 11%, P<0.01) and had a lower estimated glomerular filtra-
tion rate (eGFR), expressed as the Chronic Kidney Disease Epi-
demiology Collaboration (CKD-EPI) score (68% vs. 53%, P<0.01)
compared with those who did not reach the endpoint.

Prognostic value of individual and combined biomarkers

As shown in Table 1, the levels of all four biomarkers were sig-
nificantly higher in patients who experienced the composite end-
point. Consequently, the percentage of patients with HF biomark-
ers above the cut-off values was significantly higher in the group
that reached the composite endpoint (NT-proBNP: 78% vs. 31%,
P<0.01; GDF-15: 73% vs. 34%, P<0.01; ST-2: 31% vs. 6%,
P<0.01; FGF-23: 42% vs. 20%, P<0.01). Table 2 shows the

Table 2. Univariate and multivariate Cox regression analyses for the
risk of the composite endpoint comparing patients with a biomarker
within and above the cut-off value

Biomarker and Univariable Multivariable
cut-off HR(95%Cl) P HR(95%Cl) P
NT-proBNP >1,000 pg/mL 6.5 (3.2-13.2) <0.01 4.1(2.0-8.9) <0.01
GDF-15 >2,000 pg/mL 45(23-88) <001 22(1.0-45 0.04
ST2 >35ng/mL 54(28-10.1) <001 26(1.3-52) <0.01
FGF-23 >95.4 pg/mL 2.7(15-48) <001 15(08-27) 021

Abbreviations: HR, hazard ratio; Cl, confidence interval; GDF-15, growth dif-
ferentiation factor-15; ST2, suppression of tumorigenesis-2; FGF-23, fibro-
blast growth factor-23; NT-proBNP, N-terminal pro-B-type natriuretic pep-
tide.
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predictive value of these biomarkers when interpreted against
biomarker-specific cut-off values. All biomarkers had a positive
HR, with the highest HR found for NT-proBNP (6.5, 95% ClI:
3.2-13.2) and the lowest found for FGF-23 (2.7, 95% Cl: 1.5-
4.8). In the multivariate analysis, NT-proBNP, GDF-15, and ST2
remained significant, and FGF-23 did not have a significant con-
tribution to predicting the composite endpoint.
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As the predictive power of FGF-23 was also captured by the
other three biomarkers, we subsequently analyzed whether a
combination of the remaining three biomarkers could predict
adverse outcomes. The survival curves for the three biomarkers
are shown in Fig. 1A. By simply counting the number of biomark-
ers for which a patient exceeded the predefined cut-off value in
the Heartmarker score, the patients were classified into four

O wt (B
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g 025 + — S],OOO
& =+ >1,000
0 C L L L Il Il
0 3 6 9 12
Number at risk: n (%) Time (montf)
<1000 148(100)  147(99)  145(98) 142 (96) 138 (93)
>1000  97(100)  82(85)  75(77)  68(70)  62(64) 5
1.00 |
z M0f GOF-15,pgml
S o2 | <2000 &
o + >2000 £ 5
0t 1 1 1 1 L é
0 3 6 9 12 o-
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= 25
£ 075 F
£ 050 F ST2, ng/mL
g 025 + -+ <35
& + >35
0t 1 1 1 1 {
0 3 6 9 12 0
Number at risk: n (%) Time (mnth) 1 . 2 3
N of biomarkers that exceed threshold
<35 219(100) 211(96)  203(93) 196 (89) 188 (86)
>35  26(100) 18 (69) 17 (65) 14 (54) 12 (46)

Fig. 1. Survival curves and percentage of patients of the HF biomarkers. (A) Kaplan—Meier survival curves for the biomarkers NT-proBNP,
GDF-15, and ST-2. Lines indicate the survival curve, and shaded areas indicate the 95% confidence intervals. Numbers at the bottom of
the graphs indicate the number of patients at risk and the corresponding percentage relative to the initial number of patients in the group.
(B) Percentage of patients for which a specific biomarker exceeds predefined cut-off values. By definition, the totals of the bars are 0% for
patients with no elevated biomarkers, 100% for the group with one elevated biomarker, 200% (2x 100%) for the group with two elevated
biomarkers, and 300% (3x 100%) for the group with three elevated biomarkers.
Abbreviations: GDF-15, growth differentiation factor-15; ST2, suppression of tumorigenesis-2; FGF-23, fibroblast growth factor-23; NT-proBNP, N-terminal
pro-B-type natriuretic peptide.
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groups according to whether or not they exceeded the cut-off
for 0, 1, 2, or 3 biomarkers (0: N=101, 1: N=81, 2: N=45, 3:

N=18). As shown in Fig. 1B, one-third of the patients (N=81)
had only one biomarker that exceeded the cut-off, which was

>
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Fig. 2. Prognostic value and relation to 6MWT distance for both NYHA classification and Heartmarker Score. (A-D) Kaplan—Meier survival
curves. Lines indicate the survival curves for heart failure (HF) patients grouped according to the (A, C) proposed Heartmarker biomarker
score and (B, D) NYHA classification; shaded areas indicate the 95% confidence intervals. Numbers at the bottom of the graphs indicate
the number of patients at risk and the corresponding percentage relative to the initial patients in the group. (C and D) The two highest class-
es of the classifications in (A) and (B), respectively. (E and F) Boxplots showing the distance covered in the BMWT for the HF patients grouped
according to (E) Heartmarker score and (F) the NYHA classification. Note that the 6MWT distance was unavailable for nine patients.

Abbreviations: 6MWT, 6-min walking test; NYHA, New York Heart Association.
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most often GDF-15 (48%) or NT-proBNP (47%). In 18% of the
patients (N=45), two biomarkers exceeded the cut-offs; all pa-
tients in this group had elevated GDF-15 levels, which were com-
bined with either an NT-proBNP (91%) or ST2 (9%) level above
the cut-off.

The survival curves according to different Heartmarker score
levels are shown in Fig. 2A. The percentage of patients who did
not experience the composite endpoint within the 1-year follow-
up period decreased from 97% in patients without any elevated
biomarkers (score 0) to 33% in patients for whom all three bio-
markers (score 3) exceeded the cut-off values. Survival curves
of the Heartmarker scores for the different HF subgroups are
shown in Supplemental Data Fig. S1.

Prognostic value of the NYHA classification
Fig. 2B shows the survival curves for the NYHA classification.

The percentage of patients who did not experience the compos-
ite endpoint within the 1-year follow-up period decreased from
96% for the patients with NYHA class | to 57% for patients with
NYHA class IV.

Comparison of the classifications

Although NYHA class IV and Heartmarker score 3 seem to have
good predictive ability of adverse outcomes, the number of pa-
tients in these categories was low. Therefore, the two highest
groups were combined, resulting in a group with a Heartmarker
score of 2-3 and NYHA class IlI-IV. The resulting survival curves
are shown in Fig. 2C and D. Pairwise comparisons using log-
rank tests showed significant differences between the different
biomarker classes but no significant difference between NYHA
II'and NYHA [lI-IV (Heartmarker: O vs. 1, P<0.01; O vs. 2-3,
P<0.01; 1 vs. 2-3, P<0.01; NYHA: 1 vs. 2, P<0.01; 1 vs. 3-4,
P<0.01; 2 vs. 34, P=0.06).

To assess how well the NYHA classification and Heartmarker
score reflected the current cardiac performance of the HF patients
in this cohort, the distance covered in the BMWT was used. NYHA
class and biomarker scores showed a similar association with the
distance covered in the GBMWT (Fig. 2E and F). The higher the
NYHA class, the lower the distance that patients could cover in 6
min of walking, with a median of 390 m for NYHA |, 340 m for
NYHA I, and 295 m for NYHA [lI-IV (P<0.01). Similarly, a higher
Heartmarker score corresponded to a lower distance, with a me-
dian of 380 m for O elevated biomarkers, 340 m for 1 elevated bio-
marker, and 290 m for 2-3 elevated biomarkers (P<0.01).
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DISCUSSION

Discriminating between different risk levels in patients with HF
is of great importance as it allows healthcare providers to proac-
tively identify patients at risk for poor outcomes. Patients with a
high risk of unplanned hospital admission, ICD shock, or death
could benefit from closer follow-up, which might not be needed
for low-risk patients. Improved risk stratification could aid in the
management of patients’ expectations regarding their prognosis
and could trigger a clinician to consider referral to more advanced
HF centers or alternative treatments.

In current clinical practice, the NYHA classification is widely
used to classify patients with HF, including as an enrollment cri-
terion and outcome measure in clinical trials [6], or in guidelines
where medication, therapy, and referral to an advanced HF cen-
ter are recommended depending on the NYHA classification [2].
However, the NYHA classification relies on the physician’s inter-
pretation of “ordinary physical activity” and “slight limitations,”
making the classification subjective and challenging. This sub-
jectivity is likely the cause of the poor reproducibility of the NYHA
class assignment of only 56% [4]. Classification based on bio-
markers could aid physicians in assessing patients in a more
objective and reproducible manner.

The proposed Heartmarker score combines NT-proBNP, ST2,
and GDF-15 elevations above their cut-off values into a simple
and intuitive classification. All three biomarkers remained signif-
icant in multivariable analysis, indicating added predictive value
for the more novel HF biomarkers ST2 and GDF-15, in addition
to the predictive value of the validated and widely used biomarker
NT-proBNP. Classification using the Heartmarker score would
result in a significantly lower percentage of patients with 2-3 el-
evated biomarkers compared to classification based solely on
elevated NT-proBNP, allowing for more intensive follow-up of a
more select high-risk group. As significant differences between
the Heartmarker classes were found, the score based on com-
bined biomarkers was able to discriminate between multiple risk
levels in the cohort of patients with HF. The prognosis of HF has
been linked to the widely used NYHA class; however, its prog-
nostic value was found to be limited in several studies [5, 71. In
the present trial, patients without any symptoms (NYHA [) were
less likely to experience the composite endpoint than those with
slight to severe limitation of physical activity (NYHA 11-1V). As no
significant difference between NYHA Il and NYHA 1I/IV was found,
the new combined biomarker classification was able to discrimi-
nate between more, significantly different, risk classes.

In addition to its prognostic value, an HF classification model
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should capture the current functional status of patients with HF.
The distance covered during the 6MWT decreased with increas-
ing Heartmarker score and NYHA class. The decreasing me-
dian distance with increasing NYHA class matches the associa-
tion reported in the literature [21]. The comparable correlation
of the Heartmarker score to walking distance indicates that it
can capture the functional status of patients with HF in a similar
manner as the NYHA classification. As the proposed Heartmarker
score correlates with functional capacity and can discriminate
between multiple levels of risk of negative outcomes, it could be
a valuable tool for the objective classification of HF patients.

The predictive values of GDF-15 and ST2 have been assessed
in different cohorts. Kempf, et al. [15] described the prognostic
value of GDF-15 levels in a cohort of patients with chronic HF.
They found a slightly higher percentage of patients who exceeded
the 2,000 pg/mL cut-off level (48% vs. 42%). Ky, et al. [28] de-
scribed the prognostic value of ST2 in patients with chronic HF,
and their cohort showed higher ST2 values (36.3 ng/mL in one-
third of the patients) than those in the present cohort with only
11% of the patients exceeding an ST2 level of 35 ng/mL. As both
previous studies only included all-cause mortality in their sur-
vival analyses, the exact survival percentages could not be com-
pared to our composite endpoint of event-free survival. Kuster, et
al. [29] identified ST2 as a predictor of 1-year mortality and GDF-
15 as a significant predictor for 1- to b-year follow-up. Owing to
the unavailability of information about hospitalization during the
follow-up period, the predictive value with respect to HF admis-
sion in their cohort could not be assessed. We confirmed the
prognostic value of ST2 at the 1-year follow-up and confirmed
the prognostic value of GDF-15 for the composite endpoint at
the 1-year follow-up. Gaggin, et al. [14] studied HF biomarkers
in patients with HFrEF and NYHA classes [I-IV. Their biomarker
selections included ST2 and GDF-15, which had independent
predictive values. Adding HF biomarkers to the baseline model
improved the performance. The present study also included
HFmrEF, HFpEF, and NYHA |, showing the predictive values of
ST2 and GDF-15 in an unselected cohort of HF patients and in
patients without symptoms. Grande, et al. [30] proposed a bio-
marker score combining NT-proBNP, ST2, and galectin3 in a
population consisting mainly of HFrEF patients (73%). Com-
pared to these results, the combination of NT-proBNP, ST2, and
GDF-15 used in the present study showed a higher percentage
of event-free survival for the Heartmarker score O class and a
lower percentage of event-free survival for the Heartmarker score
3 class.

In addition to biomarker-based classifications, previous mod-
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els that combine biomarkers with patient characteristics, pre-
scribed medication, and NYHA classification have been pro-
posed, such as the MAGGIC model and Seattle Heart Failure
Model [31, 32]. Although these models demonstrated prognos-
tic value in the HF population, the present work adds to the ex-
isting literature as it only incorporates HF biomarkers that can
be objectively and automatically assessed from laboratory analy-
sis, allowing for easy calculation and implementation in labora-
tory systems.

The strengths of the present study include its real-world study
population consisting of a cohort of patients referred to the echo-
cardiography laboratory without selection for a specific subtype
of HF. Established cut-offs for the three biomarkers based on
the literature were used, and the cut-offs were thus not tailored
to this specific study population. The results of this study can
thus be applied to other HF populations. We also evaluated the
performance of the classifications for both prognostic value and
functional capacity expressed by walking distance. Although as-
sessing a patient’s functional status and discussing complaints
during activity remains important, we believe that the proposed
objective laboratory-based classification system can provide an
additional tool for estimating the severity of HF.

This study had a limited number of patients with the highest
levels of classification, requiring the combination of NYHA I
and IV classes and Heartmarker scores of 2 and 3. The cohort
of patients with HF was relatively healthy as the number of pa-
tients who experienced the combined endpoint was relatively
low. However, this population reflects the HF population at a ter-
tiary hospital in the Netherlands. Due to the relatively low event
rate in the outpatient population, the incorporation of other clini-
cal parameters was not possible. Future studies in a larger study
population should explore the combination of HF biomarkers
and other clinical variables.

Counting the number of elevated biomarkers (NT-proBNP,
ST2, and GDF-15) can serve as an intuitive model for the risk
stratification of outpatients with HF. Compared with the NYHA
classification, the Heartmarker score is better at discriminating
between different risk classes and has a comparable correlation
with functional capacity, expressed as the 6MWT distance. As
the Heartmarker score can be calculated automatically from the
results of standardized biomarker assays, it provides a repro-
ducible and objective tool for the classification of patients with HF.
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