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Heart failure (HF) is a common cardiovascular disease that has a complex pathophysiology. Because it is the final stage of many car-
diovascular diseases, proper diagnosis and treatment are crucial for prolonging patients’ survival and improving their well-being. Sev-
eral biomarkers have been identified in HF, and their roles in diagnosis and prognostication have been widely investigated. Among
them, natriuretic peptides are key for diagnosing HF, predicting its prognosis, and monitoring the effectiveness of HF treatment. More-
over, natriuretic peptides can also be used to treat HF. In addition to natriuretic peptides, several other biomarkers were included in
the most recent HF management guidelines. Thus, we reviewed the role of the biomarkers included in these guidelines and discussed

future perspectives.
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Introduction

Heart failure (HF) is a complex cardiovascular disease with
multiple pathophysiologic mechanisms, so it is considered
the final stage of many cardiovascular diseases. The preva-
lence of HF continues to increase over time due to the aging
and the increase of comorbid cardiovascular diseases. The
estimated prevalence of HF is 1% to 2% of the general adult
population [1], and approximately 6,000,000 American
adults over the age of 20 have experienced HF according
to US data between 2015 and 2018 [2]. Prompt diagnosis
and treatment of HF can reduce its associated socioeco-
nomic burden. However, the diagnosis of HF usually relies
on symptoms, physical examination, serum concentration
of natriuretic peptides, and left ventricular systolic and
diastolic function assessed by echocardiography. Recent

treatment guidelines for HF include natriuretic peptides in
support of the diagnosis, prediction of prognosis, and man-
agement of HF patients. As the coronavirus disease 2019
(COVID-19) pandemic has expanded, physical examination
has become challenging, with difficulties to diagnose HF
in patients presenting with dyspnea and chest discomfort.
Therefore, the importance of biomarkers has increased,
especially in patients with restricted physical examinations
[3]. Besides natriuretic peptides, several other biomarkers
have been introduced to support the understanding of the
pathophysiology of HE, improving personal care through
better individual HF phenotyping [4].

In this review article, we will discuss the current use of
biomarkers in the diagnosis and management of HF and
their future perspectives.
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Biomarkers in heart failure

Biomarkers of the pathophysiology of
heart failure

There are many biomarkers involved in the pathophysio-
logical mechanisms of HE which can be classified into four
categories: myocardial damage, neurohormonal activation,
myocardial remodeling, and biomarkers of inflammation
and oxidative stress (Table 1). Although there are many
biomarkers involved in the development of HE only a few
are currently available in clinical practice. B-type natriuretic
peptide (BNP) and N-terminal proBNP (NT-proBNP) not
only play an important pathophysiological role in the HF
development, but also increase as the disease progresses,
so they can be used for the diagnosis or monitoring of HE
BNP and NT-proBNP are major biomarkers widely used in
the HF clinic because they can reflect the clinical status of
patients aiding clinical judgment for the diagnosis, manage-
ment, and prognosis of HE

Biomarkers recommended in recent
heart failure treatment guidelines

The 2021 European Society of Cardiology (ESC) guidelines
for HF have been updated to reflect recent clinical studies,
and notable changes have been made in HF management
[5]. These focus on BNP/NT-proBNP as biomarkers for
diagnosis and treatment of HF [5], emphasizing their role
in the diagnostic process of chronic HE acute HE HF with
preserved ejection fraction (HFpEF), and advanced HE. The
role of most other biomarkers has not been highlighted;
only troponin is recommended to rule out acute coronary
syndrome (ACS) in the acute HF setting (Table 2).

The 2017 ACC/AHA/HFSA focused update guideline for
the management of HF also emphasized BNP/NT-proBNP
for HF prevention, diagnosis, and prognosis (as added risk
stratification) [6]. In these treatment guidelines, biomarkers
other than natriuretic peptides are mentioned. Biomarkers
such as soluble suppression of tumorigenicity 2 (sST2) and
galectin-3 are acknowledged to predict death and hospital-
ization and also provide prognostic value over natriuretic
peptide levels for HF patients as class IIb recommendations
(Table 3).

Although the 2021 ESC guideline is the most recently up-
dated, the fact that it does not include the biomarkers men-
tioned in the 2017 American College of Cardiology guideline

suggests that there is little clinical evidence in their support.

BNP and NT-proBNP

1. Synthesis and excretion of BNP/NT-proBNP

BNP and NT-proBNP are biomarkers indicating myocardial
stretch, it has sufficient evidence for HF diagnosis [4]. BNP
gene expression increases as a result of myocardial ischemia
or myocardial stretch [7]. BNP is synthesized as proBNP
with 108 amino acids in cardiomyocytes. When proBNP
is released into the circulation, it is cleaved into inactive
NT-proBNP with 76 amino acids and active BNP with 32
amino acids. BNP has various biological effects, including
vasodilatation, natriuresis and inhibition of the renin-angio-
tensin-aldosterone system and sympathetic nervous system

Table 1. Biomarkers of pathophysiologic pathways contributing to heart
failure development

Mechanism Biomarkers

Myocyte stretch Atrial natriuretic peptide (ANP), mid-regional proANP
B-type natriuretic peptide (BNP), N-terminal proBNP
Growth differentiation factor (GDF)

Neuregulin

Soluble suppression of tumorigenicity 2 (sST2)
Norepinephrine

Renin

Angiotensin Il

Aldosterone

Neurohumoral
activation

Arginine vasopressin

Endothelin-1

Chromogranin A and B
Adrenomedullin

Cardiac troponins (TnT, Tnl, and hsTn)
Creatinine kinase-MB (CK-MB)
Heart-type fatty acid-binding protein

Myocardial
damage

Soluble Fas cell surface death receptor (sFAS)

Heat shock protein 60

Soluble TNF-related apoptosis-inducing ligand (sTRAIL)
Pentraxin 3

Biomarkers of  Inflammation:

comorbidity  ¢_reactive protein (CRP), tumor necrosis factor-a

(TNF-a), lipoprotein-associated phospholipase A2
(LP-PLA2), IL-1, IL-6, IL-10, IL-18

Adipokines, polacinonin, cytokines
Oxidative stress:

Myeloperoxidase, oxidized low-density lipoproteins,
plasma malondialdehyde
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Table 2. Biomarkers for heart failure recommended by the European Society of Cardiology 2021 guidelines

Clinical setting Biomarker recorfr:]lrisesn?jg tion eLvei\c/iiln?; Reference value
Chronic HF
Diagnostic test for suspected BNP, NT-proBNP B NT-proBNP >125 pg/mL
chronic HF BNP >35 pg/mL
To rule out HF MR-proANP None None <40 pmol/L
Objective evidence of serologic BNP/NT-proBNP None None  NT-proBNP >125 pg/mL (SR) or 365 pg/mL (AF)
abnormalities in HFpEF BNP >35 pg/mL (SR) or 105 pg/mL (AF)
Advanced HF
Criteria for advanced HF BNP/NT-proBNP None None Persistently high (or increasing) BNP or
NT-proBNP value
Acute HF
Diagnostic test for acute HF BNP/NT-proBNP, MR-proANP lla None  BNP =100 pg/mL, NT-proBNP =300 pg/mL”, MR-
(to rule out AHF) proANP >120 pg/mL
To exclude ACS Troponin I None  None

HF, heart failure; BNP, B-type natriuretic peptide; NT-proBNP, N-terminal proBNP; MR-proANP, mid-regional pro-atrial natriuretic peptide; HFpEF, heart failure with
preserved ejection fraction; SR, sinus rhythm; AF, atrial fibrillation; AHF, acute heart failure; ACS, acute coronary syndrome.
JRule-in values for the diagnosis of acute HF: >450 pg/mL for age <55 years, >900 pg/mL for 55-75 years, and >1,800 pg/mL for age >75 years.

Table 3. Biomarker indications according to 2017 ACC/AHA/HFSA focused update [6]

Clinical setting Biomarkers Cless o " e @ Comments
recommendation  evidence
HF prevention
Patients at risk of developing BNP, NT-proBNP lla B Can be useful to prevent LV dysfunction
HF (systolic or diastolic) or new-onset HF
HF diagnosis
Patients with dyspnea BNP, NT-proBNP | A Useful to support diagnosis or exclude HF
Prognosis of added risk
stratification
Chronic HF BNP, NT-proBNP | A Useful for establishing prognosis or disease
severity
Baseline measurement at BNP, NT-proBNP, and cardiac tropo- | A Useful to establish prognosis in acutely de-
hospital admission nin compensated HF
During HF hospitalization, BNP, NT-proBNP lla B Can be useful to establish post-discharge
pre-discharge measurement prognosis
Chronic HF Biomarkers of myocardial injury or Ilb B Predictive of hospitalization and death in HF

fibrosis (soluble ST2, galectin-3,
hs-cardiac troponin, and others)

patients and also additive to NP levels”

ACC/AHA/HFSA, American College of Cardiology/American Heart Association/Heart Failure Society of America; HF, heart failure; BNP, B-type natriuretic peptide;
NT-proBNP, N-terminal proBNP; LV, left ventricle; ST2, suppression of tumorigenicity 2; NP, natriuretic peptide.
A combination of biomarkers may be more informative than single-biomarker measurements.

through interaction with natriuretic peptide receptor type A,
resulting in increased production of intracellular cyclic gua-
nosine monophosphate. BNP binds to the natriuretic pep-
tide type C and is eliminated through proteolysis by neutral
endopeptidase, with a half-life of approximately 20 minutes.
And NT-proBNP, the inactive form, is mainly cleared by re-
nal excretion, and its half-life is approximately 120 minutes.

6 www.kosinmedj.org

2. Clinical relevance of BNP and NT-proBNP

After BNP was discovered to be secreted during myocardi-
al stretch and to have favorable effects such as natriuresis,
it was initially used for the treatment of HF patients [8].
Yoshimura et al. [8] reported that infusion of synthetic hu-
man BNP improves left ventricular function in heart failure
reduced ejection fraction (HFrEF) through natriuretic ef-
fects and vasodilation. However, BNP and NT-proBNP were
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found to be related to symptoms assessed by the New York
Heart Association, the functional class, hemodynamic status
in the setting of volume expansion or pressure overload, and
left ventricle (LV) diastolic and systolic function [9,10]. Thus,
these have been widely used to diagnose and monitor HE

According to a randomized controlled trial, amino-ter-
minal proBNP testing significantly improved the accuracy
of HF diagnosis in the general population [11], and other
studies support the use of BNP/NT-proBNP testing in pri-
mary care to evaluate HF in non-acute settings [12-14]. In
an acute HF setting, the NT-proBNP level is the standard
clinical assessment with a very high negative predictive
value to identify or rule out acute HF [15]. A meta-analysis
acknowledged that testing the NT-proBNP level in suspect-
ed acute HF patients enables prompt and precise exclusion
of the diagnosis [16]. Especially for patients who require a
rapid evaluation for potential HF and who cannot undergo
echocardiography in an emergency department, BNP and
NT-proBNP testing can provide meaningful information or
differential diagnosis of HE. And it is highly probable that
the symptoms and signs of a patient with normal BNP or
NT-proBNP are not related to HE, and further investigation
should be performed to identify other causes of these signs
and symptoms [17].

In addition, natriuretic peptides can be useful not only
for diagnosing HF but also for predicting prognosis. There-
fore, to measure the BNP or NT-proBNP level is clinically
relevant to estimate not only the presence but also the se-
verity of HE indicating clinical improvement in response to
medical treatment [18-20]. Several clinical trials have used
natriuretic peptide levels to evaluate the effectiveness of
medical treatment and indicate clinical improvement, and
some have shown that biomarker-guided treatment can im-
prove the outcomes of HF [21,22]. In the STOP-HF (St Vin-
cent’s Screening To Prevent Heart Failure) study, treatment
with BNP-based screening and collaboration reduced the
rates of events of HF and LV systolic dysfunction, diastolic
dysfunction [23]. According to a study that compared the
prognostic value of NT-proBNP in advanced HF with that
of other parameters, NT-proBNP measurement alone was a
better prognostic meaning than LV ejection fraction (LVEF),
peak VO,, and HF survival score [24].

Another important point is that BNP/NT-proBNP have
been used worldwide for a long time and have recognized
cutoff values. In the non-acute setting, the upper normal

limits are 35 pg/mL for BNP and 125 pg/mL for NT-proBNP
[25-27].

Various studies have reported that natriuretic peptide
levels can be used as a parameter of clinical improvement
in response to medical care. However, the associated prog-
noses have been inconsistent. The TIME-CHF trial (Trial of
Intensified vs. Standard Medical Therapy in Elderly Patients
With Congestive Heart Failure) showed that HF therapy
guided by NT-proBNP did not enhance composite clinical
outcomes or quality of life than symptom-guided treatment
[28]. Also, in the GUIDE-IT study (Guiding Evidence Based
Therapy Using Biomarker Intensified Treatment in Heart
Failure), treatment with NT-proBNP-guide did not improve
first HF hospitalization or cardiovascular death [29]. Con-
sistent evaluation is difficult due to differences in the target
patient groups and study designs; however, it does appear
that natriuretic peptide-guided treatment does not always
show better outcomes than symptom-guided treatment.
Since GUIDE-IT is a large-scale, multicenter, randomized
trial, its results should not be overlooked.

3. Limitations of using BNP and NT-proBNP

Although structural cardiac and non-cardiac diseases are
associated with increased BNP/NT-proBNP levels, a single
measurement can reduce the confidence of HF diagnosis.
Clinicians should be aware of the caveats of testing. First,
elevated BNP or NT-proBNP levels could be due to various
causes, including non-cardiac factors, which can reduce
diagnostic accuracy [5]. However, levels are usually lower
than those in acute decompensated HF patients [4]. Also,
BNP or NT-proBNP levels can increase with age. The ESC
practical guidelines for natriuretic peptide concentrations
suggest different cutoff values for acute and chronic settings
and age groups [9]. Age in particular increases the cutoff
value of the gray zone and increases the need for cautious
interpretation. Second, chronic kidney disease patients usu-
ally have higher BNP or NT-proBNP levels. Accumulation of
these natriuretic peptides in chronic kidney disease patients
occurs because of their decreased secretion accompanied
by an increased release of these peptides due to hyperten-
sion and chronic volume overload comorbidities. Thus,
the cutoffs of BNP at 200 pg/mL and NT-proBNP at 1,200
pg/mL provide an appropriate diagnostic performance in
patients with renal insufficiency defined as decreased es-
timated glomerular filtration rate <60 mL/min per 1.73 m’
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[4]. Third, obesity is known to be associated with lower BNP
levels than traditional cutoff values used in the diagnosis of
HF due to a variety of physiological and metabolic mecha-
nisms [30,31]. Fourth, low BNP concentration may also be
detected in patients with advanced end-stage HF or right
HF [9]. Therefore, the BNP levels of patients with relatively
stable HF should be interpreted with care [32]. Fifth, among
others, lung disease and atrial arrhythmias can also affect
the BNP and NT-proBNP levels, so their interpretation must
take these factors into consideration [9]. These particular
comorbidities are very common in HF patients, and may
limit interpreting the value of BNP and NT-proBNP levels in
clinical practice.

Mid-regional pro-atrial natriuretic
peptide

Atrial natriuretic peptide (ANP) is produced in the atrium
in response to increased wall stress secondary to intravas-
cular volume increase [33,34]. Mid-regional pro-ANP (MR-
proANP) is another biomarker of myocardial remodeling,
and its diagnostic role has been established [35]. The serum
level of MR-proANP is not influenced by anemia and obe-
sity [35,36]. The 2021 ESC guidelines suggest the use of MR-
proANP to rule out HF in the diagnosis of new-onset acute
HEF. In a large, multicenter, prospective, trial of patients
presenting to an emergency department with dyspnea,
MR-proANP showed that it was not inferior to BNP for the
diagnosis of acute HF [37]. Another study also showed that
MR-proANP had a value comparable to that of NT-proBNP
in the diagnosis of acute HF [38]. Heining et al. [39] showed
that MR-proANP achieved an AUC of 0.83 in the diagnosis
of acute HE Their study applied a cutoff value of 120 pmol/
L, produced a sensitivity of 91.1% and a negative predictive
value 0f 92.1%.

However, increased MR-proANP levels have been found
in conditions such as atrial arrhythmia [40,41], sepsis, re-
spiratory tract infections, ventilator-associated pneumonia
[42,43], and renal dysfunction [44]. And most studies using
MR-proANP have focused on the acute HF setting, only few
studies have looked at the early stages of HE In addition to
most of these considered the prognostic (not diagnostic)
role of MR-proANP. Therefore, its diagnostic use in patients
with symptoms suggestive of HF has not been established
in non-acute HF settings [45]. More research is needed in
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the future.

Cardiac biomarkers other than
natriuretic peptides

1. Cardiac troponins

Cardiac troponins are biomarkers indicating myocardial
damage and their measurement is the gold standard to diag-
nose acute myocardial infarction [46]. In the updated 2021
ESC guidelines, cardiac troponin is recognized as having a
limited role. Among laboratory tests, cardiac troponins are
useful for detecting ACS, although elevated levels are detect-
ed in the majority of patients with acute HF [5]. Troponins
can be elevated for a variety of reasons, including renal fail-
ure, stroke, pulmonary thromboembolism, sepsis, cardiac
causes such as cardiac surgery, cardioversion, LV hypertro-
phy, and arrhythmia, all of which can increase the risk of HF
[47]. However, according to a previous review article, about
20% of acutely symptomatic patients admitted to an emer-
gency room had elevated levels of cardiac troponins, and
most of them did not have ACS [48]. A post-hoc analysis of
another cohort reported that high-sensitivity (hs)-troponin I
was elevated in the vast majority of hospitalized patients and
more than 50% of outpatients with HFpEF [49]. The useful-
ness of troponin seems to be underestimated not only in the
HF guidelines, but also in clinical practice.

Troponin T and troponin I release can occur in patients
with HF in the absence of an ACS event [50]. The mech-
anism of troponin elevation is explained by myocardial
oxygen demand-supply mismatch and abnormal micro-
vascular growth patterns [51]. Other mechanisms leading
to increased troponin level in HF remain elusive in many
cases, but they prominently include supply-demand ineq-
uity, associated with coronary artery obstruction and endo-
thelial dysfunction, anemia, or subendocardial injury [52].
Sato et al. [53] showed that persistently increased troponin
concentrations in dilated cardiomyopathy suggest ongoing
subclinical myocyte degeneration, which is associated with
deterioration of patient clinical status.

Cardiac troponins were found to be helpful in diagnos-
ing both HF and ACS in the large-cohort ADHERE study
(Acute Decompensated Heart Failure National Registry).
Troponins are good predictors of short-term in-hospital
mortality in acute decompensated HF patients, and cardiac
troponin I and T have identical predictive value [54]. In both
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acute HF and chronic stable HF, troponin is a significant
prognostic factor. Tentzeris et al. [55] evaluated the com-
plementary role of copeptin and cardiac troponin T in the
identification of high-risk chronic HE, and the combination
of hs-troponin T and copeptin may predict clinical out-
come. Also, troponins are useful surrogate markers in che-
motherapy-induced cardiomyopathy. A cardio-oncology
working group proposed using periodic troponin measure-
ments to detect chemotherapy-induced cardiotoxicity [56].
In addition, measuring changes in troponin levels helps
predict the prognosis of HF [52].

Most hospitals use either troponin I or troponin T, but
there is no evidence that either is superior. In the general
population, troponin I and T levels show some statistical
differences in predicting CVD, but both are significant indi-
cators for HF prediction [57]. However, most studies using
troponin have used retrospective designs, and many of
them did not completely exclude factors that could affect
troponin levels.

2. Soluble ST2

ST2 is a member of the interleukin (IL)-1 receptor family
with transmembrane and soluble isoforms (soluble ST2,
sST2), and is a biomechanically-derived protein synthe-
sized primarily by cardiac fibroblasts. IL-33-ST2 signaling
plays an important role in the mechanistically-activated
cardioprotective fibroblast-myocardial paracrine system.
Thus, IL-33 may have therapeutic potential for treating
the myocardial response to overload. sST2, a biomarker of
myocardial stretch, blocks the anti-hypertrophic effects of
IL-33, and measuring sST2 provides useful information as a
biomarker for HF [58].

The clinical trials measuring sST2 in patients with HF
are summarized in Table 4. sST2 has been shown to dis-
criminate HF and predict its prognosis in various clinical
settings, acute and chronic HF in particular. A previous
meta-analysis of sST2 has shown that it has prognostic val-
ue in predicting composite outcomes in acute HF [59]. In a
relatively large-cohort study (HF-ACTION), sST2 was inde-
pendently associated with clinical outcomes after adjusting
for NT-proBNP in the multivariable models, and higher
sST2 was associated with both poor functional capacity and
poor prognosis [60]. Another study reported that sST2 was
associated with cardiac abnormalities prevalent in echocar-
diography, including increased LV end-systolic dimension/

volume and decreased LVEF [61]. In a head-to-head com-
parison (PROTECT trial) of serial sST2, hs-troponin T mea-
surements and growth differentiation factor-15, only sST2
approved to add prognostic information to the baseline
levels and predict changes in LV function in a chronic HF
setting [62].

Unlike natriuretic peptides, sST2 is not significantly relat-
ed to age, heart rhythm, or body mass index (BMI) [63]. The
relative independence of sST2 from common comorbidities
is a potential advantage. In terms of biological variability,
sST2 is a good biomarker for HE. Piper et al. [64] examined
patients with HF to determine the biological variability of
sST2 by collecting blood samples at different time points.
Compared with NT-proBNP, sST2 demonstrated significant-
ly lower coefficients of variation and reference change val-
ues. The serum concentration of sST2 is not influenced by
sex, age, BMI, renal function, atrial fibrillation, or prior HF
diagnosis [65]. Therefore, sSST2 may be a good biomarker for
monitoring patients with such comorbidities.

However, there are several limitations to the use of sST2 in
the clinical setting. First, there are no large, well-designed,
prospective studies using sST2. Although many animal
experiments have validated sST2, the number of clinical
trials is small and most studies have enrolled only a small
number of patients. Second, no clear standard value of the
sST2 level has been accepted worldwide, with the reference
value varying from study to study. In an analysis of the data
from the HF-ACTION study, an sST2 cutoff value of 35 ng/
dL well predicted short-term all-cause death, cardiovascu-
lar death, and HF hospitalization [60]. In the PRIDE study,
a multivariable analysis showed that an sST2 concentration
above 20 mg/dL strongly predicted 1-year mortality in dys-
pneic patients [66]. Because the enrolled patients and listed
values vary widely from study to study, it is difficult to deter-
mine a specific value for use in clinical practice. In addition,
the standard values vary widely with sex, being much high-
er in males than females [67]. Third, sST2 is associated with
measures of inflammation, such as leukocyte count, and
C-reactive protein, unlike natriuretic peptides [63]. sST2
also exhibits a circadian rhythm and is usually low in the
morning and high in the late afternoon, so values may vary
depending on the time the blood sample is taken [68].

3. Galectin-3
Galectin-3 is produced by macrophages that stimulates the
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Table 4. Clinical trials using sST2

Author

Study population

Aim of study

Implication

Chronic HF
Ahmad et al. [69]

Gaggin et al. [62]

0'Meara et al. [70]

Felker et al. [60]

Acute HF

Manzano-Fernandez
etal. [71]

Shah et al. [61]

Mueller et al. [72]

Rehman et al. [63]

Kim et al. [73]

(HF-ACTION trial)

Chronic HF with LVEF below 35%
(n=813)

Chronic HF with LV systolic dys-
function (LVEF <40%) (n=151)

(PARADIGM-HF trial)
HFrEF (LVEF <400%) (n=1,758)

(HF-ACTION trial)

Chronic HF with LVEF below 35%
(n=910)

ADHF (n=447)

Acute dyspneic patients with/with-
out decompensated HF (n=139)

ADHF patients in the emergency
department (n=137)

Patients with acute HF (n=346)

Patients hospitalized with ADHF
and renal insufficiency (n=66)

To determine whether biomarkers im-
prove prediction of the mode of death
in patients with chronic HF

To perform head-to-head comparison of
3 biomarkers (sST2, GDF-15, hs-tropo-
ninT)

To determine the relationship between
sST2 and outcomes and the prognostic
utility of various sST2 partition values

To evaluate ST2 levels and their associa-
tion with functional capacity and long-
term clinical outcomes

To determine whether the risk of mortal-
ity associated with sST2 concentration
differs in ADHF patients with HFpEF
compared with patients with systolic HF

To evaluate the associations between
sST2 and cardiac structure and function

To determine whether sST2 retains prog-
nostic meaning

To evaluate the value of sST2 as a prog-
nostic marker in patients with ADHF

To examine patient-specific characteris-
tics of ST2 in acute HF

To investigate the role of sST2 as a prog-
nosticator in patients hospitalized with
acute HF and renal insufficiency

Predictor of pump failure risk

Only serial measurement of sST2 ap-
peared to add prognostic information to
the baseline concentration and predict
change in LV function

Baseline sST2 remained an independent
predictor of outcomes.

Changes in sST2 from baseline to one
month were independently associated
with outcome risks

ST2 was modestly associated with
functional capacity and significantly
associated with outcomes

sST2 was an independent predictor of
mortality, regardless of LVEF

sST2 was associated with cardiac ab-
normalities, a more decompensated
hemodynamic profile, and long-term
mortality

Increased sST2 levels were independently
and strongly associated with 1-year all-
cause mortality

As a myocardial-specific response to
stretch, ST2 showed strong clinical and
biochemical correlations in patients
with acute HF. Prognostically, ST2 is
powerful in acute HF

The pre-discharge sST2 measurement can
be helpful in predicting short-term out-
comes in ADHF with renal insufficiency

HF, heart failure; LV, left ventricular; LVEF, LV ejection fraction; sST2, soluble suppression of tumorigenicity 2; GDF-15, growth differentiation factor-15; hs-tropo-
nin, high-sensitivity troponin; PARADIGM-HF trial, Prospective Comparison of ARNI (Angiotensin Receptor-Neprilysin Inhibitor) with ACEI (Angiotensin-Convert-
ing-Enzyme Inhibitor) to Determine Impact on Global Mortality and Morbidity in Heart Failure trial; HFrEF, heart failure reduced ejection fraction; HF-ACTION tri-
al, heart failure: a controlled trial investigating outcomes of exercise training trial; ADHF, acute decompensated heart failure; HFpEF, heart failure with preserved

ejection fraction.

profibrotic pathway, leading to proliferation of fibroblast
and consequent collagen deposition [74]. In the inflam-
matory response and wound healing process, pro-in-
flammatory cytokines released by cardiomyocytes lead to
macrophage activation, and activated macrophages release
galectin-3, which binds to myofibroblasts, activating them
and triggering collagen synthesis. Collagen deposition
causes myocardial scarring, long-term remodeling, and
dilatation of the LV [75]. Galectin-3 thus promotes the dif-
ferentiation of fibroblasts into myofibroblasts through both

10
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the transforming growth factor-f1-dependent and -inde-
pendent pathways [76].

Since galectin-3 reflects cardiac function and is a good
indicator of HF prognosis, it can be a useful biomarker for
HE Among dyspneic patients with and without acute de-
compensated HE elevated galectin-3 are associated with
E/Ea ratio, a lower right ventricular function, higher right
ventricular systolic pressure, and more severe valvular re-
gurgitation [77]. In a recent study of large population-based
cohort, galactin-3, BNP, and sST2, galectin-3 showed the
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highest discrimination value for preclinical diastolic dys-
function [78].

Compared with the biological variability of biomarkers
between patients with stable HF and healthy adults, galec-
tin-3 showed lower intraindividual biological variability
than other biomarkers [74]. In terms of serial measure-
ments, galectin-3 also has advantages over other biomark-
ers. Serial measurements of biomarkers (NT-proBNP, tropo-
nin, sST2, and galectin-3) at different time points in patients
with acute HF showed that only galectin-3 was constant
over time [79]. Therefore, alterations in galectin-3 level can
indicate underlying pathophysiological changes that could
lead to a poor prognosis. A previous meta-analysis assessed
the usefulness of galectin-3 in predicting short-term all-
cause and cardiovascular mortality in patients with HE The
results showed that increased galectin-3 was associated
with higher short-term all-cause mortality and cardiovascu-
lar mortality, even after adjusting for other well-established
risk factors [80]. In a sub-study of the Coordinating Study
Evaluating Outcomes of Advising and Counseling in Heart
Failure trial, higher galectin-3 identified HF patients at low
risk for 1-month and 6-month mortality and HF rehospital-
ization after an episode of acute HF [81]. In another large-
scale cohort analysis (Framingham Offspring Cohort), a
higher concentration of galectin-3 was associated with
an increased risk of incident HF and short-term mortality
[82]. Galectin-3 measurements repeatedly appeared to be a
powerful predictor for outcomes in acute HF patients and
was independent of NT-proBNP. Galectin-3 might also be
useful in clinical practice for prognosis development and
treatment monitoring [83]. In HFpEF patients, galectin-3 is
also an independent predictor for the outcome of HF and
appears to be particularly useful [84].

However, no randomized controlled trials have demon-
strated that galectin-3 can be used to accurately diagnose
HF or evaluate its prognosis. Although studies differ, galec-
tin-3 seems to have a relatively low diagnostic value in
predicting death and HF-readmission [84]. In a communi-
ty-based cohort, this protein was associated with new-on-
set HF in the high-risk but not in the low-risk group [85].
Therefore, its usefulness as a biomarker to discriminate
HF in outpatients is limited. In addition, no clear standard
cutoff value for galectin-3 levels has been accepted world-
wide. Galectin-3 levels also correlate with age, BMI, sex,
diabetes mellitus, renal dysfunction, and hypertension [86].

In particular, the effect of renal function is significant, and
care must be taken in interpretation. According to animal
studies, galectin-3 is markedly upregulated in acute tubular
injury and the subsequent regeneration [87] as well as in
progressive renal fibrosis [88].

Future directions for biomarkers for HF

1. Emerging biomarkers in HF

Given the trend of combining biomarkers, the discovery of
novel biomarkers is important. Many HF biomarkers have
already been established or are emerging according to mul-
tiple pathophysiologic processes [89]. Given the complexity,
combining biomarkers that reflect various mechanisms
could theoretically offer an improved picture of the myocar-
dial status. Inflammation is thought to play a crucial role in
the complex etiology of HFpEF, and the use of biomarkers
that reflect inflammation is expected to be key in the fu-
ture. New biomarkers such as GDF-15, myeloperoxidase,
copeptin, and tumor necrosis factor lack clinical validation,
but are soon expected to play a role as HF biomarkers.

2. Multiple biomarker approach

Regardless of the type of biomarker, combining biomarkers
can improve the accuracy of diagnosis, prognostication,
and assessment of treatment effects. Most biomarkers
maximize their usefulness when used in combination with
NT-proBNP levels. In particular, the combination of ST2
and NT-proBNP has been shown to be an excellent predic-
tor of prognosis [63]. Troponin T also showed good results
when measured together with NT-proBNP. The risk of HF is
significantly greater when there is an increase in both bio-
markers compared with an increase of either NT-proBNP or
troponin T alone [90]. Even without BNP, combinations of
biomarkers have a considerable value. In chronic stable HE,
elevated sST2 and galectin-3 had a significantly higher haz-
ard ratio together than alone, regardless of the BNP level,
suggesting that simultaneous sST2 and galectin-3 elevation
is associated with poor prognosis [91]. In addition, hs-C-re-
active protein, which represents inflammation, can be used
as a parameter for HE and research on this has been report-
ed recently [92]. Strategies that combine multiple biomark-
ers may ultimately give benefits in guiding HF therapy, but
additional validation is needed [93,94].
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3. Serial measurements of biomarkers

Although biomarkers can differ between patients, it is
important to check whether a particular patient’s levels
increase compared with the baseline level. Serial measure-
ments of biomarkers are important for the diagnosis of HF
in the community. According to an observational study
(Cardiovascular Health Study), the frequency of biomark-
er increase per year in the HF-free population is 14.8% for
troponin T and 13.2% for NT-proBNP. After 10 years, the
cumulative HF incidence is 50.4% when there is an increase
in both biomarkers, and 12.2% when neither biomarker is
increased [90]. Therefore, even if at a particular time HF
was not diagnosed because of normal biomarker levels,
a diagnosis becomes more likely in follow-up biomarker
measurements.

Serial biomarker follow-up is important for predicting
HF outcomes. It was found that serial measurements of
natriuretic peptides provide strong prognostic information
in chronic HE not only in HFrEF but also in HF with mid-
range EF and HFpEF [95-97]. A previous study analyzing
two independent randomized controlled trials of chronic
HF (Val-HeFT and GISSI-HF trials, a total of 5,284 patients)
reported that changes in hs-troponin T concentration over
time were a robust predictor of future cardiovascular events
in patients with chronic HF [98]. In addition, changes in
biomarkers over time in chronic HF can predict the risk of
adverse events or outcomes, as well as changes in cardiac
structure or LV function [99]. Changes in the concentration
of biomarkers are likely to reflect the presence of ongoing
cardiac pathophysiology, and could offer a mechanism to
differentiate preclinical HF phenotypes.

4. For healthcare providers

To increase the efficiency of biomarker measurement, phy-
sicians must select appropriate biomarkers that represent
each patient’s clinical characteristics. In addition, the type
of biomarker and cutoff value implemented by each center
may be different. In particular, in the case of natriuretic pep-
tides, BNP, proBNP, and NT-proBNP have different clinical
implications, so care must be taken not to confuse them.
Biomarkers that reflect myocardial injury will be helpful to
evaluate the degree of myocardial damage caused by acute
events. After HF progresses, biomarkers that reflect cardiac
remodeling, such as hypertrophy or fibrosis, might provide
the most information. However, discovering clinically ap-
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propriate biomarkers is difficult because of the many mech-
anisms involved in the various HF phenotypes. Physicians
should consider the confounding aspects of biomarkers and
interpret their values with caution. All biomarkers can be
significantly affected by various factors, and the severity of
HE general condition, and comorbidities must be carefully
considered. Particularly, in cases of acute HF with hemody-
namic instability, the timing of laboratory tests can greatly
affect the results. Within a single patient, biomarker levels
can vary with time, depending on the use of diuretics, he-
modialysis, mechanical ventilation, etc. The multi-marker
approach to HF management and decision-making is use-
ful in the emergency room and offers various cutoff values
for each biomarker [3].

5. Future directions in clinical trials

Several biomarkers are recommended in the current guide-
lines. However, while BNP and NT-proBNP are employed,
the clinical use of other biomarkers is still limited owing to
a lack of adequate clinical trials. In addition, the clinical set-
ting of the enrolled patients varies among the few available
studies, and the number of enrolled patients is too small.
The reference value can also vary depending on the equip-
ment used to analyze the samples, so inter-equipment vali-
dation is required. Therefore, further large-scale biomarker
studies are warranted.

Currently, in Korea, a large-scale registry (KorHF III Reg-
istry, under the leadership of the Korea HF Society) that
includes various biomarkers (BNP, NT-proBNP, ST2, cardiac
troponin I, and cardiac troponin T) is in progress and is
likely to provide important information.

However, the combination of biomarkers from different
pathophysiological processes remains unknown. Moreover,
we do not know when and how often these biomarkers
should be measured for appropriate management of pa-
tients with HE. An increased number of biomarker tests
correlates with a better HF diagnosis, but physicians must
consider cost-effectiveness in clinical practice. Thus, it is
difficult to conduct multiple biomarker tests that are not
included in the guidelines. We should study which bio-
markers to combine, when to measure, and how often to
measure. In addition, we should consider their cost-effec-
tiveness, balancing the cost of testing and their benefit in
appropriate HF management.
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Conclusions

Despite several limitations, BNP/NT-proBNP are the only
biomarkers included in the current guidelines. Cardiac
troponins, sST2, and galectin 3 are independent prognostic
biomarkers of HF and can be used as supplementary mea-
surements. Although clinical trials are needed to reasonably
apply these biomarkers in clinical practice, it is essential to
add new biomarkers to the guidelines to assist and support
healthcare providers in managing HE

Future research should adopt a multi-marker approach
to improve the risk prediction models, diagnosis, and man-
agement of HE. When using biomarkers for HEF it is also
important to establish a setting for multiple tests to evaluate
risk stratification or predict prognosis, rather than relying
on a single test. To better use cardiac biomarkers, physi-
cians must select appropriate biomarkers for HF and exert
caution when interpreting their values considering variable
clinical profiles.
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