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Circulating Cardiac Biomarkers in Heart Failure:  
A Critical Link to Biomarker-Guided Therapy
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Abstract
Current clinical guidelines for the diagnosis, treatment, and prevention of heart failure (HF) are the 
incorporated measure of biomarkers, predominantly natriuretic peptides (NP), cardiac troponins, 
soluble ST2 (sST2), and galectin-3, all of which serve as surrogate diagnostic and predictive factors. 
Whether levels of these biomarkers, measured in a longitudinal manner in HF patients, retain their 
prognostic power over a course of HF therapy and support continuation of these treatments is 
not fully understood. The aim of this review is to summarise knowledge regarding the use of single 
and serial measures of cardiac, biological markers as a surrogate endpoint to predict HF-related 
clinical events. Cardiac biomarkers, predominantly N-terminal segment of brain natriuretic peptide  
(NT-proBNP) and sST2, are surrogate biomarkers for numerous clinical studies that have assumed a 
pivotal role in multiple biomarker strategies preceding HF-related outcomes. It has been suggested 
that biomarker-guided therapy with serial biomarker measures could be a powerful means to  
appraise composite risk score and predict HF-related outcomes based on therapeutic adjustment. 
In the future, large controlled clinical trials should be better designed for justification of an  
individualised strategy for HF therapy.

INTRODUCTION

A contemporary conceptual framework that 
was proposed to distinguish between different 
chronic heart failure (HF) patients has highlighted 
varying responses to therapeutic interventions, 
especially in patients of different ages and with 
several comorbidities.1,2 Whether the measure of 
biomarker serum levels can be determined as 
a surrogate endpoint for HF-adjusted therapy 
and suggest clinical outcomes is uncertain, and  
appears to be controversial in several 
investigations.3-7 Current HF therapy is associated 

with improved survival over time in patients with 
HF-reduced ejection fraction (HFrEF), but not 
for those with HF preserved (HFpEF) or mid-
range (HFmrEF) ejection fraction.3 Conventional 
approaches for HF treatment aim to affect 
neuroendocrine modulation using angiotensin 
receptor-neprilysin inhibitors/angiotensin 
receptor blockers (ARB), angiotensin-converting 
enzyme inhibitors (ACEI), beta-blockers, or 
mineralocorticoid receptor antagonists. Although 
the high prescription rate of these drugs has 
helped HF survival in developed countries,4-7 the 
5-year survival rate for HF patients in developing 
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countries, regardless of disease phenotype, has 
failed to exceed 39–43%.8 In fact, maladaptive 
cardiac remodelling, endothelial dysfunction due 
to microvascular inflammation, oxidative stress, 
acceleration of atherosclerosis, and metabolic 
abnormalities with continuous deterioration 
of target organ function (heart, vessels, lungs, 
kidneys, brain, and skeletal muscles) are not  
tightly controlled by these drugs, and are  
problems that remain core elements of HF 
pathogenesis.9,10 In this context, biological markers 
that reflect the consequent manifestation of HF-
evolved pathological abnormalities could be 
useful in identifying the risk of outcomes.11,12 A 
similar approach appears to be cost-effective for 
both inpatients and outpatients with HF.13,14 The 
aim of this review is to summarise information 
relating to the use of single and serial measures 
of cardiac biological markers as a surrogate 
endpoint to predict HF-related clinical events.

TECHNIQUE FOR  
INFORMATION SOURCING

Original articles and higher precision reviews 
written in English and published within the last 5 
years were found in MEDLINE (Ovid), EMBASE, 
PubMed, ScienceDirect, and other databases 
such as Web of Science, using keywords: "heart 
failure", "biomarkers", "surrogate endpoints", 
"natriuretic peptides (NP)", "soluble suppressor 
of tumorigenicity-2", "cardiac troponins", 
"galectin-3". Keywords were designed to be 
more sensitive using thesaurus tools such as 
Medical Subject Headings (MeSH) in MEDLINE, 
and Excerpta Medica Thesaurus (EMTREE) terms 
in EMBASE. Major descriptors of the articles, 
titles, and abstract fields were also checked. All  
selected articles were analysed depending on 
their quality and relation to the aim of the review 
and enrolled to the list for further checking 
depending on whether the references were 
focussed on target approach.

BIOMARKERS FOR HEART FAILURE

Current clinical recommendations support the 
use of cardiac biomarkers to stratify, diagnose, 
and predict clinical outcomes in HF.6,7 Although 
NP (i.e., BNP: brain natriuretic peptide; NT-
proANP: N-terminal pro-atrial natriuretic peptide; 
NT-proBNP: N-terminal pro-brain natriuretic 

peptide) are widely used to predict all-cause 
specific endpoints in HF patients, the 2017 
American College of Cardiology (ACC)/American 
Heart Association (AHA)/Heart Failure Society of 
America (HFSA) guidelines for the management 
of HF have incorporated several additional  
cardiac biomarkers (cardiac troponins, galectin-3, 
and soluble ST2 [sST2]).7 In fact, the diagnostic 
and predictive attributes of biomarkers for 
damage (cardiac troponins) and biomechanical 
stress (NP, galectin-3, and sST2) in HF have 
been established. However, the predictive 
value of growth and differentiation biomarkers, 
such as growth differentiation factor-15 (GDF-
15), in different phenotypes of HF is still  
under discussion.15,16

Table 1 provides a comparison of conventional 
and novel biomarkers. Peak concentrations for 
the majority are applied as risk stratification 
and diagnostic tools for HF, but NP were 
predominately recommended for HF guidance 
and prediction of clinical outcomes. However, 
the predictive values of NP were sufficiently 
variable depending on age, comorbidities 
(including Type 2 diabetes mellitus, abdominal  
obesity, atrial fibrillation/flutter), and  
medical treatment.17-19 Novel biomarkers, such 
as procalcitonin, adrenomedullin/N-terminal 
fragment of adrenomedullin, microRNA, and  
other less known biomarkers (human epididymis 
protein 4, insulin-like growth factor-binding  
protein 7, soluble CD146, IL-6, endothelial 
cell derived micro vesicles, and endothelial 
and mononuclear progenitor cells) require 
investigation in large clinical trials and to be 
compared  with each other, as well as conventional 
biomarkers.20 Moreover, biomarkers have been 
distinguished in their ability to predict the onset 
of different HF phenotypes. Indeed, NP and high-
sensitivity troponin strongly predict HFmrEF, 
whereas NP are better predictors of HFrEF in 
comparison to HFmrEF and do not differ in their 
association with incident HFmrEF and HFpEF.21 
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LONGITUDINAL TESTING AND 
OUTCOMES IN BIOMARKER-GUIDED 
STUDIES

Whether the levels of these biomarkers, 
measured in a longitudinal manner in HF  
patients, retain their predictive power over 
a course of HF treatment and support HF-
guided therapy is not fully understood. Indeed, 
circulating levels of some biomarkers, such as 
NP, appear to correlate with body mass, kidney 
function, and ageing. Another aspect requiring 
more clarity is the identification of an optimal 
time window for biomarker measurement. For 
example, at hospital admission NP levels can 
better provide predictive value for in-hospital 
mortality, whereas at discharge, NP levels  
stronger predict the need for re-admission 
as opposed to risk of death. Additionally, 
measurement of NT-proBNP levels after initiation 
of HF therapy aims to predict a long-term 
favourable effect of the therapy, but a risk of clinical 
outcomes is an attributed trend of biomarker 
changes signifying need for a follow-up. Moreover, 

fluctuations of serial NP levels received during 
longitudinal serum biomarker home monitoring 
in post-acute, decompensated HF patients are 
extremely high and, as demonstrated in the HOME 
HF study,22 may never be <30%. In fact, in this 
study, dispersions of NP data between measures  
surged depending on the time period after  
discharge from hospital, with as high as 73.6% 
being reported at 120 days of ambulatory 
period. Additionally, some drugs given to HF 
patients can directly influence metabolism 
and cardiac biomarkers unrelated to HF 
severity.22,23 For instance, clinical studies in 
which HF patients with diabetes were enrolled 
have revealed that the sodium glucose co-
transporter-2 inhibitors, i.e., canagliflozin 
and empagliflozin, reduce serum levels of  
NT-proBNP directly through attenuation of  
kidney clearance and modulation of neprilysin 
activity, as well as indirectly via lowered fluid 
retention that improves HF outcomes, including 
HF-related death, hospital admission due to HF, 
and all-causes.24,25 Taken together, this evidence 
shows that serial NP measurements have  

Table 1: Conventional and novel biological markers in heart failure: accompany to clinical hard endpoints. 

BNP: brain natriuretic peptide; GDF: growth differentiation factor; HF: heart failure; hs-TnT/I: high sensitivity cardiac 
troponin T/Index; miRNA: microRNA; NT-proADM: N-terminal fragment of adrenomedullin; NT-proANP: N-terminal 
fragment of atrial natriuretic peptide; NT-proBNP: N-terminal fragment of brain natriuretic peptide; sST2: soluble 
suppressor of tumourgenecity-2; PCT: procalcitonin. 

+: mildly corresponded; ++: moderately corresponded; +++: strongly corresponded

Biomarker Risk stratification Diagnosis of acute 
and non-acute onset 
of HF

HF therapy guidance Prediction of HF-related 
outcomes

Biomechanical stress biomarkers

BNP ++ ++ + ++

NT-pro BNP ++ ++ + ++

NT-proANP + ++ - +

NT-proADM - ++ - +

sST2 - - - ++

Galectin-3 + ++ - -

PCT - + - ++

Damage biomarkers

hs-TnT/I + ++ - -

Growth and differentiation biomarkers

GDF-15 + ++ - -

miRNA ++ - - +
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potential value as an index of emerging clinical 
deterioration for short-term and long-term 
periods in HF patients; however, this should be 
considered on a patient-by-patient basis.26,27 
Consequently, there is great interest in other 
predictive biomarkers that can attenuate the 
discriminative ability of NP during treatment of 
HF. However, there are still sufficient differences 
between various cardiac biomarkers for 
maintaining HF therapy guidance that require 
more large clinical trials in the future.

SUGGESTION OF HEART FAILURE-
RELATED OUTCOMES WITH CARDIAC 
BIOMARKERS

There are controversial issues regarding 
correspondence between dynamics of 
conventional cardiac biomarkers and clinical 
outcomes in HF patients. Table 2 summarises 
data regarding serum levels of cardiac biomarkers 
and clinical outcomes in HF patients included in  
large clinical trials.

Angiotensin-Converting  
Enzyme Inhibitors

In the pre-beta-blocker era, clinical trials have 
demonstrated that ACEI treatment in chronic 
HFrEF and HFpEF patients decreases plasma 
BNP and NT-proBNP dose-dependently, and  
that this effect strongly corresponds with 
improved clinical status, left ventricular ejection 
fraction (LVEF), exercise capacity, and survival.28-30 
However, the levels of other HF severity 
biomarkers, such as epinephrine, aldosterone, 
and endothelin-1, are not significantly affected 
by ACEI.30 On the contrary, in the randomised 
CONSENSUS-I controlled trial, ANP levels in 
an ACEI enalapril cohort had demonstrated a 
decreasing trend, despite there being no significant 
correlation between ANP levels and clinical 
outcomes/LVEF at the end of the study.31,32 The 
Ramipril Trial Study Group revealed that ramipril 
was able to reduce the plasma concentration  
of BNP in HFrEF and improve clinical status.33  
Some small clinical studies specifically analysing 
acute/acutely decompensated HF have 
demonstrated the clinical benefit of ACEI through 
declining NP serum levels.47,48 The lack of a strong 
relationship between longitudinal changes in the 
levels of NP, survival, and LVEF requires further 

explanation. It is likely that other biomarkers, 
including neuropeptides and neurohormones 
(angiotensin-II, endothelin-1, aldosterone), are 
not sufficiently modulated by ACEI.34 However, 
this trial has forced the incorporation of  
spironolactone into ACEI-based treatment 
schemes for HF. In this trial, patients included 
in both spironolactone and placebo cohorts 
received several ACEI as concomitant therapy, i.e., 
captopril (63.4% and 62.1%, respectively), enalapril 
(13.5% and 16.5%, respectively), and lisinopril 
(15.6% and 13.1%, respectively). It should be noted 
that during this period, analytical procedures 
for NP measure had not yet been standardised, 
and various methods (radioimmunoassay, 
immunoluminometric, enzymatic, or  
luminescence immunoassay) with variable 
analytic accuracies for the determination of 
other biomarkers were widely used.49 Thus, most 
clinical studies examining multiple biomarkers, 
including NP in the same HF patient cohorts 
using the same highly sensitive analytic methods, 
have turned out to be necessary. Using this 
approach, it was established that the decrease in 
BNP/NT-proBNP among in-patients with acute/
actually decompensated HF was associated 
with a clinically beneficial outcome, whereas no 
change or an increase in BNP/NT-proBNP levels 
were related to increased hospital stay and  
HF-related death.47,50 

Mineralocorticoid Receptor 
Antagonists

The RALES study was the first investigation 
specifically analysing the mineralocorticoid 
receptor antagonist spironolactone in patients  
with severe, congestive HF. In the study, 
spironolactone exhibited an ability to reduce 
circulating levels of both BNP and NT-proANP, 
as well as improving survival in HFrEF patients 
(LVEF <25%), whereas there was an increase 
of angiotensin-II and aldosterone I levels, 
and no change to endothelin-1 levels, in the 
spironolactone group.34 Later, in the TOPCAT 
study, spironolactone did not sufficiently reduce 
the incidence of death from cardiovascular 
causes, aborted cardiac arrest, or hospital 
admissions in HFpEF patients, while BNP/NT-
proBNP levels were significantly decreased.35  
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Table 2: Accordance between serum levels of cardiac biomarkers and clinical outcomes in heart failure patients 
included in large clinical trials.

A-II: angiotensin-II; ACEI: angiotensin-converting enzyme inhibitor; Aldo: aldosterone; ARB: angiotensin receptor 
blocker; ARNi: angiotensin receptor-neprilysin inhibitor; CRP: C-reactive protein; CV: cardiovascular; GDF: growth 
differentiation factor; HF: heart failure; HFpEF: heart failure with preserved ejection fraction; HFrEF: heart failure 
with reduced ejection fraction; hsTnT: high sensitivity cardiac troponin T; LVEF: left ventricle ejection fraction;  MRA: 
mineralocorticoid receptor antagonist; NT-proADM: N-terminal fragment of adrenomedullin; NT-proANP: N-terminal 
fragment of atrial natriuretic peptide; NT-proBNP: N-terminal fragment of brain natriuretic peptide; sST2: soluble 
suppressor of tumourgenecity-2.

↑: mild increase; ↑↑: moderate increase; ↑↑↑: severe increase; ↑: mild decrease; ↑↑: moderate decrease; ↑↑↑: severe 
decrease; ~: no effect.

Drug name Drug class Trial acronym Patient population Changing of cardiac  
biomarkers

Clinical outcomes

Imidapril28 ACEI - HFrEF ↑BNP/NT-proBNP ↑clinical status, exercise 
capacity

Enalapril29,30 ACEI - HFrEF/HFpEF ↑BNP/NT-proBNP ↑clinical status, LVEF, 
exercise capacity, and 
survival

Enalapril31,32 ACEI CONSENSUS I HFrEF ↑ANP no related changes in ANP, 
left atrial size, or systolic 
function

Ramipril33 ACEI Ramipril Trial 
Study Group

HFrEF/HFpEF ↑BNP ↑clinical status, 
↑hospitalisation

Spironolac-
tone34

MRA RALES HFrEF ↑NT-proANP, ↑BNP, 
↑A-II, ↑Aldo

↑clinical status, ↑survival

Spironolac-
tone35

MRA TOPCAT HFrEF/HFpEF ~BNP/NT-proBNP ↑risk of all-cause, ↑↑HF-
related mortality, ↑↑risk of 
hospital admission

Spironolac-
tone36

MRA EPHESUS HFrEF ↑BNP, ↑endothelin-1 Endothelin-1 predicted 
↑↑HF-related death 
and hospital admission 
independently from lon-
gitudinal BNP changes

Carvedilol37 βAB COPERNICUS HFrEF Uncertain ↑ and ↑ NP No significant interaction 
between NT-proBNP and 
improved outcomes

Carvedilol38 βAB Australia-New 
Zealand HF trial

HFrEF ↑BNP, ↑NT-proADM ↑↑risk of all-cause and 
HF-related mortality, ↑↑risk 
of hospital admission and 
sudden death

Metoprolol39 βAB MERIT-HF HFrEF ↑BNP dose-
dependently

↑↑hospitalisations, 
↑symptoms, ↑quality of life

Bisoprolol40 βAB CIBIS-II HFrEF ~BNP/NT-proBNP Improved clinical 
outcomes

Valsartan41-43 ARB Val-HeFT HFrEF ↑↑BNP/NT-proBNP, 
↑CRP, ↑endothelin

↑↑risk of all-cause and HF-
related mortality, ↑↑risk of 
hospital admission

Sacubitril/
valsartan44-46

ARNI PARADIGM-HF HFrEF ↑↑↑ANP/BNP, ↑↑NT-
proBNP, ↑CRP, 
↑hsTnT, ↑sST2,  
~GDF-15

↑all-cause mortality, 
↑↑combined endpoint of 
CV death or hospitalisation 
for HF, ↑↑HF death
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In the EPHESUS trial, HFrEF patients with 
increased circulating levels of endothelin-1 had 
exaggerated risk of HF-related death and hospital 
admission regardless of BNP alterations during 
treatment with eplerenone.36 It is worth noting 
that this trial was provided in the HF treatment 
beta-blocker era, and patients, who had received 
either spironolactone or placebo, were treated 
with beta-blockers as a concomitant medication.

Beta-Blockers

The era of beta-blocker implementation in HF 
therapy began with several clinical trials (e.g., 
COPERNICUS, IMPACT-HF, MERIT-HF, CIBIS-II, 
COMET), in which improved survival in HFrEF 
was completely determined. Unfortunately, the 
COPERNICUS37 study and an Australia-New 
Zealand heart failure trial38 have shown that 
carvedilol effectively decreased all-cause and 
HF-related mortality rate and hospital admission 
regardless of BNP/NT-proBNP dynamic. In fact, 
long-term clinical outcomes in HFrEF patients 
could be improved even if NP levels were  
surging. Although pre-treatment plasma BNP/NT-
proBNP remained to be independent predictors 
of all-cause and HF-related mortality and HF-
dependent hospitalisation, carvedilol improved 
survival in HFrEF patients independently from 
biomarker levels.51 The initiation of metoprolol 
treatment in HFrEF patients was associated with 
the soaring of BNP/NT-proBNP levels,52 which  
was sufficiently pronounced in individuals 
staged III-IV New York Heart Association 
(NYHA) functional class.53 Metoprolol did not 
demonstrate differential impact on survival 
in HF patients through dose-dependence, 
while serum levels of BNP were changed dose-
dependently.40 In the CIBIS-II trial, bisoprolol 
did not significantly impact BNP levels, while it 
did improve survival and attenuate the clinical 
status of HFrEF patients.40 The results of the  
STARS-BNP Multicentre Study have shown that 
the combined use of ACEI and beta-blockers 
can reduce BNP levels in HFrEF patients, but 
this effect appeared to be dose-dependent and  
mean dosages of both drugs were significantly 
higher in the patients with best BNP control; this 
contrasts with the mean increase in loop diuretic 
furosemide dosage that was similar in both groups 
(best and worst BNP control, respectively).54 
In fact, the best BNP control was reported in 
patients with the lowest risk of HF-related death 

and hospital stay for HF.55 Overall, patients with 
severe HFrEF and levels of BNP >1,000 pg/mL  
had a 40% risk of acute decompensation of HF 
after an initiation or increase of beta-blocker 
therapy.55 Thus, uncertain evidence of contra 
directed BNP/NT-proBNP levels in severe HFrEF, 
and data that confirmed decreasing serum 
levels of these biomarkers in mild-to-moderate  
HFrEF patients, reflected a risk of potential 
beta-blocker side effects as opposed to a 
negative impact of the drugs on HF evolution in  
long-term perspectives.

Angiotensin-Receptor Blockers

ARB appeared to be promising drugs for 
improved survival in HF, offering benefits over 
ACEI. The first results of ARB implementation 
have shown positive effects on decreeing serum 
levels of biomechanical stress markers such as  
NP. In the Val-HeFT study, serial measures 
of BNP/NT-proBNP concentrations taken at 
4-month intervals in HFrEF patients treated with 
ARB valsartan were performed.41 The results 
of the study illustrated a superior strategy for 
the risk stratification of stable patients with 
chronic HF using the determination of NT-
proBNP serum levels. However, there was a 
small proportion of the HF patients showing 
increased BNP/NT-proBNP serum levels  
despite contemporary treatment, including 
ARB valsartan, beta-blockers, spironolactone/
eplerenone, loop diuretic, and non-frequently 
digoxin.42,43 Investigators concluded that the 
trend in soaring NP levels was an independent 
predictor of all-cause and HF-related mortality 
and hospitalisation, regardless of the kind of HF 
therapy.43 Interestingly, non-responders for ARB 
therapy in the Val-HeFT study that associated 
with increased levels of BNP/NT-proBNP had 
frequently higher levels of endothelin-1 and 
CRP than those who had exhibited low levels of  
NP.42,56 Additionally, serial measures of NT-
proBNP were done in 3,480 HFpEF patients in 
the I-PRESERVE study to identify whether ARB-
based treatments for HF have a distinguishing 
impact on morbidity and mortality across serum 
NP levels.44 The investigators have ascertained  
that the beneficial effect of ARB irbesartan 
on clinical outcomes, including all-cause 
mortality, HF-related death, sudden death, or HF 
hospitalisation was found alongside increased 
NT-proBNP levels at baseline.
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Angiotensin Receptor-Neprilysin 
Inhibitors

A new class of angiotensin receptor-neprilysin 
inhibitor agent called sacubitril/valsartan in 
addition to a conventional treatment in the 
PARADIGM-HF trial led to a 4-fold increase 
in ANP/BNP due to mediating metabolism 
of neprilysin and moderate decreases in NT-
proBNP.45 Therefore, cardiac troponin, hs-
CRP, and sST2 levels, which were unrelated to 
neprilysin activity, also decreased. These changes 
accompanied fewer all-cause and HF-related 
deaths or HF admissions in patients with NT-
proBNP levels lowered to 1,000 pg/mL compared 
to patients with levels that remained above this 
value.46 Another result of the PARADIGM-HF  
trial was an effect on GDF-15 dynamics. Although 
the levels of GDF-15 at baseline were associated 
with higher mortality risk, the combined 
endpoints of CV death and hospitalisation for HF 
and HF death, and changes in GDF-15, were not  
influenced by sacubitril/valsartan.57 Yet, 
longitudinal changes in galectin-3 were not 
associated with the natural evolution of HF.58 
Consequently, it is not fully clear whether this 
biomarker could be useful for guided therapy  
in HF.

Biomarker-Guided Therapy as a 
Component of Individual Approach  
in Heart Failure

Early clinical trials regarding NP-guided therapy  
for HF have reported inconsistent results, 
frequently dependent on statistical power, 
limiting sample sizes, and repeating measures 
of biomarkers.59,60 Therefore, HF patient cohorts 
involved in the studies have displayed large 
biological heterogeneity at the levels of CV 
risk, metabolic profile, and adverse events. The  
GUIDE-IT study indicated that the goal of HF 
treatment could be achieving a target NT-
proBNP level of <1,000 pg/mL.61 The strategy 
of HF therapy, which is based on serial NT-
proBNP measures, did not improve HF clinical 
outcomes.62,63 In contrast, the Bio-SHiFT 
study64 has revealed that individual patterns of 
longitudinal changes in multiple biomarkers, 
including NT-proBNP and hs-CRP, may be useful 

for a prognostication of HF-related outcomes  
and response to treatment. Additionally, the 
results of the TIME-CHF trial have shown that the 
beneficial effect of NT-proBNP-guided treatment 
was found only in HFrEF patients aged <75 
years, and not in those aged ≥75 years.64 This 
positive impact of NT-proBNP-guided therapy 
was associated with reduced risk of recurrent 
HF-related and all-cause hospital admissions 
and all-cause death.65 Thus, NP revealed a 
potential association with HF clinical outcomes 
predominantly in HFrEF patients. Attempts to 
improve predictive values of NP mostly affect 
implementation of multiple biomarker models 
shaping from NP, hs-CRP, sST2, galectin-3, hs-
troponin T, and several novel biomarkers (miRNA, 
GDF-15, metabolic factors).66 Lastly, although 
meta-analyses that depicted NT-proBNP-guided 
HF treatment had produced controversial 
results,67,68 the combination of NP and sST2 
appeared to be reinforced in a new investigation 
to clearly explain the meaningful longitudinal 
changes of markers in the treatment programme 
of HF patients aimed at improving prognosis. In 
fact, future clinical trials are needed to provide a 
direct comparison between traditional and novel 
biomarkers in preceding HF clinical outcomes 
and adjusting treatment programme to improve 
prognosis. It is likely that the combined biomarker 
measure could significantly improve prediction 
of clinical outcomes in HF patients as opposed 
to single biomarker measures, and open new 
perspectives for biomarker-guided targeted  
HF therapies.

CONCLUSION

Cardiac biomarkers, predominantly NT-
proBNP and sST2, are surrogate biomarkers for 
numerous clinical studies that have assumed 
a pivotal role in multiple biomarker strategies 
for preceding HF-related outcomes. It has been 
suggested that biomarker-guided therapy with 
serial biomarker measures could be a powerful 
tool to appraise composite risk score and  
predict HF-related outcomes based on 
therapeutic adjustment. In the future, large 
controlled clinical trials should be better 
designed for a justification of individual  
strategy in HF therapy.



CARDIOLOGY  •  October 2019 EMJ  EUROPEAN MEDICAL JOURNAL146

References

1. Owan TE et al. Trends in prevalence 
and outcome of heart failure with 
preserved ejection fraction. N Engl J 
Med. 2006;355(3):251-9.

2. Bottle A et al. Real-world 
presentation with heart failure in 
primary care: Do patients selected to 
follow diagnostic and management 
guidelines have better outcomes? 
Open Heart. 2018;5(2):e000935.

3. Deaton C et al. The tip of the iceberg: 
Finding patients with heart failure 
with preserved ejection fraction 
in primary care. An observational 
study. BJGP Open. 2018;2(3): 
bjgpopen18X101606. 

4. Meta-analysis Global Group in 
Chronic Heart Failure (MAGGIC). 
The survival of patients with heart 
failure with preserved or reduced 
left ventricular ejection fraction: An 
individual patient data meta-analysis. 
Eur Heart J. 2012;33(14):1750-7.

5. Velazquez EJ et al, PIONEER-HF 
Investigators. Angiotensin-Neprilysin 
Inhibition in Acute Decompensated 
Heart Failure. N Engl J Med. 2018. 
[Epub ahead of print].

6. Ponikowski P et al; ESC Scientific 
Document Group. 2016 ESC 
guidelines for the diagnosis and 
treatment of acute and chronic 
heart failure: The Task Force for the 
diagnosis and treatment of acute 
and chronic heart failure of the 
European Society of Cardiology 
(ESC) developed with the special 
contribution of the Heart Failure 
Association (HFA) of the ESC. Eur 
Heart J. 2016;37:2129-2200.

7. Yancy CW et al. 2017 ACC/AHA/
HFSA focused update of the 
2013 ACCF/AHA guideline for the 
management of heart failure: A 
report of the American College 
of Cardiology/American Heart 
Association Task Force on Clinical 
Practice Guidelines and the 
Heart Failure Society of America. 
Circulation. 2017;136(6):e137-e161.

8. Koudstaal S et al. Prognostic burden 
of heart failure recorded in primary 
care, acute hospital admissions, or 
both: A population-based linked 
electronic health record cohort study 
in 2.1 million people. Eur J Heart Fail. 
2017;19:1119–27.

9. Tanaka S et al. Heart failure with 
preserved vs reduced ejection 
fraction following cardiac 
rehabilitation: Impact of endothelial 
function. Heart Vessels. 2018;33: 
886–92.

10. Paulus WJ, Tschöpe C. A novel 
paradigm for heart failure with 
preserved ejection fraction: 
Comorbidities drive myocardial 
dysfunction and remodeling through 
coronary microvascular endothelial 
inflammation. J Am Coll Cardiol. 
2013;62(4):263-71.

11. Rørth R et al. The prognostic value 
of troponin T and N-terminal pro 
B-type natriuretic peptide, alone 
and in combination, in heart failure 
patients with and without diabetes. 
Eur J Heart Fail. 2018. [Epub ahead 
of print].

12. Zymliński R et al.  Multi-organ 
dysfunction/injury on admission 
identifies acute heart failure patients 
at high risk of poor outcome. Eur 
J Heart Fail. 2018. [Epub ahead of 
print].

13. Pufulete M et al. Effectiveness and 
cost-effectiveness of serum B-type 
natriuretic peptide testing and 
monitoring in patients with heart 
failure in primary and secondary care: 
An evidence synthesis, cohort study 
and cost-effectiveness model. Health 
Technol Assess. 2017;21(40):1-150.

14. Packer M. The conundrum of patients 
with obesity, exercise intolerance, 
elevated ventricular filling pressures 
and a measured ejection fraction in 
the normal range. Eur J Heart Fail. 
2018. [Epub ahead of print].

15. Wollert KC. Growth differentiation 
factor-15 reveals the dark side 
of heart failure. Eur J Heart Fail. 
2018;20(12):1710-2.

16. Berezin A. Growth Differentiation 
Factor 15 as promising biomarker 
of poor prognosis in heart failure. 
Journal of Cardiology and Therapy 
2018;5(1):713-7. 

17. Streng KW et al. Waist-to-hip ratio 
and mortality in heart failure. Eur J 
Heart Fail. 2018;20(9):1269-77. 

18. Filippatos G et al. A randomized 
controlled study of finerenone 
vs. eplerenone in patients with 
worsening chronic heart failure 
and diabetes mellitus and/or 
chronic kidney disease. Eur Heart J 
2016;37:2105-14.

19. Gheorghiade M et al. Effect of 
vericiguat, a soluble guanylate 
cyclase stimulator, on natriuretic 
peptide levels in patients with 
worsening chronic heart failure 
and reduced ejection fraction: The 
SOCRATES-REDUCED randomized 
trial. JAMA. 2015;314:2251-62.

20. Piek A et al. Novel heart failure 
biomarkers: Why do we fail to exploit 
their potential? Crit Rev Clin Lab Sci. 
2018;55(4):246-63.

21. Bhambhani V et al. Predictors and 
outcomes of heart failure with mid-
range ejection fraction. Eur J Heart 
Fail. 2018;20(4):651-9.

22. McDonald K et al. Daily home BNP 
monitoring in heart failure for 
prediction of impending clinical 
deterioration: Results from the 
HOME HF study. Eur J Heart Fail. 
2018;20(3):474-80.

23. Berezin A. Circulating Biomarkers in 

Heart Failure. Advances in Internal 
Medicine. 2018;1067:89-108.

24. Fitchett D et al; EMPA-REG 
OUTCOME® trial investigators. Heart 
failure outcomes with empagliflozin 
in patients with type 2 diabetes at 
high cardiovascular risk: Results of 
the EMPA-REG OUTCOME® trial. Eur 
Heart J. 2016;37(19):1526-34.

25. Kosiborod M et al. CVD-REAL 
investigators and study group. Lower 
risk of heart failure and death in 
patients initiated on sodium-glucose 
cotransporter-2 inhibitors versus 
other glucose-lowering drugs: The 
CVD-REAL Study (Comparative 
Effectiveness of Cardiovascular 
Outcomes in New Users of Sodium-
Glucose Cotransporter-2 Inhibitors). 
Circulation. 2017;136(3):249-59.

26. Drexler A. Can we go beyond 
surrogates? J Diabetes. 
2017;9(11):976-7.

27. Berezin A. Biomarkers for 
cardiovascular risk in diabetic 
patients. Heart. 2016;102:1939-41.

28. van Veldhuisen DJ et al. High- versus 
low-dose ACE inhibition in chronic 
heart failure: A double-blind, placebo-
controlled study of imidapril. J Am 
Coll Cardiol. 1998;32(7):1811-8.

29. Brunner-LaRocca HP et al. Within-
patient comparison of effects 
of different dosages of enalapril 
on functional capacity and 
neurohormone levels in patients with 
chronic heart failure. Am Heart J. 
1999;138:654-62.

30. Pacher R et al. Effects of two 
different enalapril dosages on clinical, 
haemodynamic and neurohumoral 
response of patients with severe 
congestive heart failure. Eur Heart J. 
1996;17(8):1223-32.

31. Eriksson SV et al. Atrial natriuretic 
peptide ANP(1-98) and ANP(99-
126) in patients with severe 
chronic congestive heart failure: 
Relation to echocardiographic 
measurements. A subgroup analysis 
from the Cooperative North 
Scandinavian Enalapril Survival 
Study (CONSENSUS). J Card Fail. 
1995;1(2):109-16.

32. Eriksson SV et al. Neuroendocrine 
activation in relation to left 
ventricular function in chronic severe 
congestive heart failure: A subgroup 
analysis from the Cooperative North 
Scandinavian Enalapril Survival 
Study (CONSENSUS). Clin Cardiol. 
1994;17(11):603-6.

33. Sigurdsson A et al. Neurohormonal 
activation in patients with mild or 
moderately severe congestive heart 
failure and effects of ramipril. The 
Ramipril Trial Study Group. Br Heart 
J. 1994;72(5):422-7.

34. Rousseau MF et al; Belgian 
RALES Investigators. Beneficial 



Creative Commons Attribution-Non Commercial 4.0 October 2019  •  CARDIOLOGY 147

neurohormonal profile of 
spironolactone in severe congestive 
heart failure: Results from the RALES 
neurohormonal substudy. J Am Coll 
Cardiol. 2002;40:1596-601.

35. Pitt B et al; TOPCAT Investigators. 
Spironolactone for heart failure with 
preserved ejection fraction. N Engl J 
Med. 2014;370:1383-92.

36. Olivier A et al; EPHESUS 
Investigators. Combined baseline 
and one-month changes in big 
endothelin-1 and brain natriuretic 
peptide plasma concentrations 
predict clinical outcomes in patients 
with left ventricular dysfunction 
after acute myocardial infarction: 
Insights from the Eplerenone Post-
Acute Myocardial Infarction Heart 
Failure Efficacy and Survival Study 
(EPHESUS) study. Int J Cardiol. 
2017;241:344-350.

37. Hartmann F et al. Prognostic impact 
of plasma N-terminal pro-brain 
natriuretic peptide in severe chronic 
congestive heart failure: A substudy 
of the carvedilol prospective 
randomized cumulative survival 
(COPERNICUS) trial. Circulation. 
2004;110:1780-6.

38. Richards AM et al. Plasma N-terminal 
pro-brain natriuretic peptide and 
adrenomedullin: Prognostic utility and 
prediction of benefit from carvedilol 
in chronic ischemic left ventricular 
dysfunction. Australia-New Zealand 
heart failure group. J Am Coll Cardiol. 
2001;37:1781-7.

39. Effect of metoprolol CR/XL in 
chronic heart failure: Metoprolol CR/
XL Randomised Intervention Trial in 
Congestive Heart Failure (MERIT-HF). 
Lancet. 1999;353(9169):2001-7.

40. The Cardiac Insufficiency Bisoprolol 
Study II (CIBIS-II): A randomised trial. 
Lancet. 1999;353(9146):9–13.

41. Masson S et al. Val-HeFT 
Investigators. Prognostic value of 
changes in N-terminal pro-brain 
natriuretic peptide in Val-HeFT 
(Valsartan Heart Failure Trial). J Am 
Coll Cardiol. 2008;52(12):997-1003.

42. Masson S et al. Val-HeFT 
Investigators. Direct comparison of 
B-type natriuretic peptide (BNP) and 
amino-terminal proBNP in a large 
population of patients with chronic 
and symptomatic heart failure: The 
Valsartan Heart Failure (Val-HeFT) 
data. Clin Chem. 2006;52(8):1528-38.

43. Latini R et al. Val-HeFT Investigators. 
Incremental prognostic value 
of changes in B-type natriuretic 
peptide in heart failure. Am J Med. 
2006;119(1):70.e23-30.

44. Anand IS et al. Prognostic value 
of baseline plasma amino-terminal 
pro-brain natriuretic peptide and its 
interactions with irbesartan treatment 
effects in patients with heart failure 
and preserved ejection fraction: 

Findings from the I-PRESERVE trial. 
Circ Heart Fail. 2011;4(5):569-77.

45. Nougué H et al. Effects of sacubitril/
valsartan on neprilysin targets 
and the metabolism of natriuretic 
peptides in chronic heart failure: A 
mechanistic clinical study. Eur J Heart 
Fail. 2018. [Epub ahead of print].

46. Zile MR et al. Prognostic implications 
of changes in N-Terminal Pro-B-
Type Natriuretic peptide in patients 
with heart failure. J Am Coll Cardiol. 
2016;68:2425–36.

47. Cheng V et al. A rapid bedside 
test for B-type natriuretic peptide 
predicts treatment out comes in 
patients admitted for decompensated 
heart failure: A pilot study. J Am Coll 
Cardiol. 2001;37:386-91.

48. Packer M. Should B-type natriuretic 
peptide be measured routinely to 
guide the diagnosis and management 
of chronic heart failure? Circulation. 
2003;108:2950-3.

49. Clerico A et al. Measurement of 
cardiac natriuretic hormones (atrial 
natriuretic peptide, brain natriuretic 
peptide, and related peptides) in 
clinical practice: The need for a new 
generation of immunoassay methods. 
Clin Chem. 2000;46(10):1529-34. 

50. Troughton RW et al. Treatment 
of heart failure guided by plasma 
aminoterminal brain natriuretic 
peptide (N-BNP) concentrations. 
Lancet. 2000;355(9210):1126-30.

51. Weber M, Hamm C. Role of B-type 
natriuretic peptide (BNP) and NT-
proBNP in clinical routine. Heart. 
2006;92(6):843-9.

52. Davis ME et al. Introduction of 
metoprolol increases plasma B-type 
cardiac natriuretic peptides in mild, 
stable heart failure. Circulation. 
2006;113(7):977-85.

53. Zdrenghea D et al. The acute effect of 
Metoprolol upon NT-proBNP level in 
patients with congestive heart failure. 
Rom J Intern Med. 2009;47(1):35-40.

54. Jourdain P et al. Plasma brain 
natriuretic peptide-guided therapy to 
improve outcome in heart failure: The 
STARS-BNP Multicenter Study. J Am 
Coll Cardiol. 2007;49(16):1733-9.

55. Hery E et al. [Prediction of 
intolerance to beta blocker therapy 
in chronic heart failure patients using 
BNP]. Ann Cardiol Angeiol (Paris). 
2004;53(6):298-304. [In French]

56. Anand IS et al. Val-HeFT 
Investigators. C-reactive protein in 
heart failure: Prognostic value and 
the effect of valsartan. Circulation. 
2005;112(10):1428-34.

57. Bouabdallaoui N et al. PARADIGM-
HF Investigators and Committees. 
Growth differentiation factor-15 is 
not modified by sacubitril/valsartan 
and is an independent marker of 
risk in patients with heart failure 

and reduced ejection fraction: The 
PARADIGM-HF trial. Eur J Heart Fail. 
2018;20(12):1701-9.

58. Ghorbani A et al. Longitudinal 
Change in Galectin-3 and Incident 
Cardiovascular Outcomes. J Am Coll 
Cardiol. 2018;72(25):3246-54.

59. Metra M et al. The role of plasma 
biomarkers in acute heart failure. 
Serial changes and independent 
prognostic value of NT-proBNP and 
cardiac troponin-T. Eur J Heart Fail. 
2007;9(8):776-86.

60. Möckel M et al. Role of N-terminal 
pro-B-type natriuretic peptide in risk 
stratification in patients presenting 
in the emergency room. Clin Chem. 
2005;51(9):1624-31.

61. Felker GM et al. Effect of natriuretic 
peptide-guided therapy on 
hospitalization or cardiovascular 
mortality in high-risk patients with 
heart failure and reduced ejection 
fraction: A randomized clinical trial. 
JAMA. 2017;318(8):713-20.

62. Ibrahim NE, Januzzi JL Jr. The 
future of biomarker-guided therapy 
for heart failure after the guiding 
evidence-based therapy using 
biomarker intensified treatment in 
heart failure (GUIDE-IT) study. Curr 
Heart Fail Rep. 2018;15(2):37-43.

63. van Boven N et al. Toward 
personalized risk assessment in 
patients with chronic heart failure: 
Detailed temporal patterns of NT-
proBNP, troponin T, and CRP in 
the Bio-SHiFT study. Am Heart J. 
2018;196:36-48.

64. Brankovic M et al. Cardiometabolic 
biomarkers and their temporal 
patterns predict poor outcome in 
chronic heart failure (Bio-SHiFT 
study). J Clin Endocrinol Metab. 
2018;103(11):3954-64.

65. Davarzani N et al. N-Terminal pro-
B-type natriuretic peptide-guided 
therapy in chronic heart failure 
reduces repeated hospitalizations-
results from TIME-CHF. J Card Fail. 
2017;23(5):382-9.

66. Lok DJ et al. Incremental prognostic 
power of novel biomarkers 
(growth-differentiation factor-15, 
high-sensitivity C-reactive protein, 
galectin-3, and high-sensitivity 
troponin-T) in patients with advanced 
chronic heart failure. Am J Cardiol. 
2013;112(6):831-7.

67. Vaduganathan M et al. Natriuretic 
peptides as biomarkers of 
treatment response in clinical trials 
of heart failure. JACC Heart Fail. 
2018;6(7):564-9.

68. Savarese G et al. Associations with 
and prognostic and discriminatory 
role of N-terminal pro-B-type 
natriuretic peptide in heart failure 
with preserved versus mid-range 
versus reduced ejection fraction. J 
Card Fail. 2018;24(6):365-74.


