
applied  
sciences

Review

Promising Novel Biomarkers in Cardiovascular Diseases

Brigitte Sipos 1, Peter Jirak 1, Vera Paar 1, Richard Rezar 1 , Moritz Mirna 1 , Kristen Kopp 1 , Uta C. Hoppe 1,
Alexander E. Berezin 2 and Michael Lichtenauer 1,*

����������
�������

Citation: Sipos, B.; Jirak, P.; Paar, V.;

Rezar, R.; Mirna, M.; Kopp, K.;

Hoppe, U.C.; Berezin, A.E.;

Lichtenauer, M. Promising Novel

Biomarkers in Cardiovascular

Diseases. Appl. Sci. 2021, 11, 3654.

https://doi.org/10.3390/app11083654

Academic Editor: Qi-Huang Zheng

Received: 6 March 2021

Accepted: 13 April 2021

Published: 19 April 2021

Publisher’s Note: MDPI stays neutral

with regard to jurisdictional claims in

published maps and institutional affil-

iations.

Copyright: © 2021 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

1 Clinic of Internal Medicine II, Department of Cardiology, Paracelsus Medical University of Salzburg,
5020 Salzburg, Austria; b.sipos@salk.at (B.S.); p.jirak@salk.at (P.J.); v.paar@salk.at (V.P.); r.rezar@salk.at (R.R.);
m.mirna@salk.at (M.M.); k.kopp@salk.at (K.K.); u.hoppe@salk.at (U.C.H.)

2 Internal Medicine Department, State Medical University, 69000 Zaporozhye, Ukraine; aeberezin@gmail.com
* Correspondence: michael.lichtenauer@chello.at or m.lichtenauer@salk.at

Abstract: Cardiovascular diseases remain the most common causes of death globally, according to
the World Health Organization. In recent years, a great number of biomarkers have been investi-
gated, whereas only some have gained value in the diagnosis, prognosis, and risk stratification of
different cardiovascular illnesses. As numerous studies have investigated the diagnostic yield of
novel biomarkers in various disease entities every year, this review aims to provide an overview of
the current status of four promising representatives. In particular, this manuscript refers to soluble
suppression of tumorigenicity 2 (sST2), heart-type fatty acid binding protein (H-FABP), growth differ-
entiation factor (GDF-15) and soluble urokinase-type plasminogen activator receptor (suPAR). These
markers are of special interest as they are thought to provide an accurate estimate of cardiovascular
risk in certain patient populations, especially those with pre-existing diseases, such as obesity or dia-
betes mellitus. We sought to give an overview of their function, individual diagnostic and predictive
value and determination in the laboratory. A review of the literature regarding the aforementioned
cardiovascular biomarkers yielded manifold results with respect to their individual diagnostic and
prognostic value. Yet, the clinical relevance of these findings remains unclear, warranting further
studies to identify their optimal use in clinical routine.
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1. Introduction

Cardiovascular diseases (CVD) still account for the majority of global morbidity and
mortality and, therefore, represent a significant economic burden not only in economi-
cally sovereign countries [1,2]. Thus, increased attention has been paid to biomarkers to
better assess the individual risk of developing cardiovascular disease, along with asso-
ciated complications as well as disease severity. Already established biomarkers, most
importantly, brain-type natriuretic peptides (BNPs) and C-reactive protein (CRP), possess
well-researched prognostic and diagnostic value. However, they are not universally ap-
plicable [3–5] and the influence of concomitant factors (age, renal function, gender etc.)
on “traditional” cardiac markers is yet to be fully understood. Recently, the importance
of chronic inflammatory processes in cardiovascular disease has been highlighted and
consequently focus has been set to cardiac biomarkers indicating inflammation.

The goal in evaluating the use of novel cardiovascular biomarkers is to find solu-
tions for clinical problems, such as early recognition of cardiovascular disease, monitoring
of chronic heart failure (HF), prognosis after myocardial infarction or obtaining infor-
mation about the response to specific therapies. An array of novel cardiac markers are
potential candidates for answering these questions; however, whether a single, “lone-
ranger”-cardiovascular biomarker is preferable, or a “multi-marker” approach, where the
strengths of different entities are combined to provide an optimal solution in a diverse set
of requirements, is not yet known [6].
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In this review, we sought to gather and summarize the current state of scientific knowl-
edge on the strengths and weaknesses of four different, novel cardiovascular biomarkers
(sST2, H-FABP, GDF-15 and suPAR) and their role in identifying inflammatory processes
in CVD.

1.1. sST2

Soluble suppression of tumorigenicity 2 (sST2) is a cardiac biomarker, which has its
main application in HF and acute coronary syndrome (ACS). In these disease entities, it is
known to have a prognostic value, while being unaffected by possible confounders such
as renal failure, age, sex or anaemia. There are two known isoforms of ST2, namely, the
membrane bound ST2L and the soluble form sST2. A known ligand to ST2 is interleukin-
33 (IL-33). By binding to the ST2L receptor, IL-33 can mediate cardioprotective effects
in response to an increase in cardiac stress or injury. While the ST2L–IL-33 interaction
is considered as cardioprotective and beneficial, sST2 acts as a decoy receptor for IL-
33, attenuating its beneficial effects. Thus, elevated levels of sST2 are associated with
higher amounts of cardiac remodelling and cardiac injury. In HF with reduced ejection
fraction, sST2 was identified as a potential monitoring parameter with prognostic impact
on mortality and long-term survival. In patients with myocardial infarction, sST2 was
shown to be significantly elevated, and provided good prognostic value in the acute setting
as well as for long-term survival.

Additionally, levels of sST2 were reported to be associated with an increased risk
of type 2 diabetes compared to non-diabetic controls [7,8]. Furthermore, levels of sST2
where shown to increase in the presence of left ventricular diastolic dysfunction in diabetic
patients [8]. High circulating levels of sST2 also correlate with an increase in fasting plasma
glucose [9].

In this regard, another study could show that sST2 levels were predominantly linked to
markers associated with diabetes such as insulin resistance or ectopic fat, thus speculating
about a potential involvement in inflammatory processes involved in the development of
type 2 diabetes [10]. Similarly, Zheyda et al. reported elevated sST2 levels in obese patients,
indicating a lower amount of IL-33-mediated beneficial effects in these individuals [11]. Of
note, a correlation of sST2 and carotid intima media thickness was reported in a former
study [12].

Accordingly, high circulating levels of sST2 were correlated with increased CVD
mortality in patients with type 2 diabetes [9]. Jha et al. observed a prognostic impact of
sST2 in diabetic patients suffering from ACS [13]. In a study by Alonso et al., sST2 was
shown to be independently associated with both all-cause and cardiovascular mortality in
diabetes mellitus [14].

The observed correlations between sST2 and diabetes mellitus are assumed to be
mainly mediated through its ligand IL-33. IL-33 is involved in the regulation of white adi-
pose tissue (WAT) predominantly mediated via type 2 innate lymphoid cells (ILC2), thereby
also increasing caloric expenditure [15]. WAT homeostasis is believed to be disturbed as a
consequence of an increase in sST2 and a corresponding decrease of IL-33, promoting a
pro-inflammatory state, obesity and thus insulin resistance (IR) and diabetes mellitus.

1.2. H-FABP

Heart-type fatty acid binding protein (H-FABP) is a well-known member of a group
of proteins (FABPs), which are involved in lipid metabolism and energy homeostasis [16].
H-FABP is found in striated muscle cells and is released to the systemic circulation as a
consequence of myocardial damage [17]. Several studies found a correlation of H-FABP
levels and myocardial apoptosis and decreased cell proliferation [18,19]. Regarding acute
cardiovascular events, investigations have shown that H-FABP is an early indicator of
myocardial infarction, as well as right heart strain due to pulmonary embolism, for which
the 2019 ESC guidelines recommend it as a tool for risk stratification [20–22]. It may also
serve as a marker for heart failure due to transient plasma level increases in relation to
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myocardial “wounding”, even after short periods of cardiac wall stress [23–25]. Niizeki et al.
showed that H-FABP combined with BNP can be used as a reliable tool for risk stratification
in hospitalized patients suffering from chronic heart failure. The study did not find a strong
correlation between the two markers, demonstrating the different pathophysiological
processes, with H-FABP being a result of myocardial damage and BNP a consequence of
increased wall strain [26]. Several investigations have shown a prognostic value for the
use of H-FABP when it was used to predict adverse events and outcome in patients with
heart failure [27–30]. Thus, H-FABP seems not only to be eligible for use as a marker for
subclinical myocardial damage, but also as a tool for guidance of clinical management of
heart failure and estimation of outcome [30].

1.3. GDF-15 (Growth Differantiation Factor 15)

GDF-15 is a dimeric protein and a member of the transforming growth factor beta
(TGF-β) family. It was shown to be a useful biomarker in inflammatory processes, CVD,
cancer, and kidney injury [31,32].

Kempf et al. used mice with myocardial infarction, HF and pressure overload to
show that GDF-15 is important for cardiac cell repair and tissue remodelling [33]. Overall
increased serum levels of GDF-15 were predictive for CVD and associated with high
all-cause mortality [34].

Kempf et al. also investigated the expression of GDF-15 in participants with ACS or
stable angina pectoris, comparing it to the serum levels of NT-proBNP, CRP (C-reactive
protein) and troponin. The results demonstrated higher GDF-15 concentrations in patients
with ACS than subjects suffering from stable angina pectoris. The patient cohort with
stable angina pectoris showed increased levels of GDF-15, but also CRP and NT-proBNP.

To demonstrate the independent diagnostic value of GDF-15, a backward cox regres-
sion model was performed and NT-proBNP, troponin, CRP and GDF-15 were all shown to
be independently predictive of cardiovascular mortality [35].

Patients with advanced stages of HF showed higher concentrations of GDF-15 and
individuals with New York Heart Association (NYHA) class III-IV had higher serum
concentrations of GDF-15 than those with less symptoms [36]. In comparison, patients
with asymptomatic stage B (ACCF/AHA class) HF showed higher levels of GDF-15 than
those in stage A. In summary, GDF-15 could be a predictive biomarker for patients who do
not have any limiting symptoms of HF yet [37].

Further correlation of GDF-15 with left ventricular ejection fraction was observed in
patients with HF with reduced ejection fraction (HFrEF, LVEF < 40%). These individuals
demonstrated increased concentrations of GDF-15, compared to those with HFmrEF (heart
failure with mid-range reduced ejection fraction LVEF ≥ 40–50%) or HFpEF (heart failure
with preserved ejection fraction, LVEF > 50%) [36].

A main predisposing factor for developing type 2 diabetes and, consequently, CVD, is
obesity [38]. Vila et al. found that the GDF-15 serum levels were higher in obese patients.
Factors such as age, height, blood pressure and levels of creatinine, triglycerides, glucose,
insulin and HbA1c influence GDF-15 concentrations [39]. Furthermore, Ding et al. showed
that women with type 2 diabetes and obesity had higher GDF-15 levels compared to those
with normal HbA1C and/or BMI within normal range [40].

1.4. SuPAR

Soluble urokinase plasminogen activator receptor (suPAR) is a membrane-bound
protein, which is expressed on vascular endothelium and immunologically active cells.
It serves as an inflammatory marker and is also useful for risk stratification concerning
development of CVD [41–43]. Elevated suPAR levels reflect subclinical inflammation and
are observed in individuals with increased alcohol consumption or smokers [44–46].

SuPAR and C-reactive protein (CRP), both indicators of inflammation and valid
biomarkers for CVD processes, do not reflect the same pathophysiologic entities. SuPAR
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has been shown to be a sign of atherosclerosis and endothelial dysfunction; CRP, on the
other hand, is associated with body mass index and waist circumference [42,45].

Increased suPAR levels are associated with microalbuminuria in individuals with
increased risk of diabetes mellitus type 2 [47]. Heraclides et al. observed a predictive value
of suPAR for early detection of diabetes mellitus type 2 in a cohort of 1933 subjects [48].
Furthermore, suPAR was shown to be of prognostic value regarding the outcome of
different types of cancer [49,50]. It additionally seems to play a role in the pathogenesis of
chronic kidney disease, particularly focal segmental glomerulosclerosis (FSGS) [51].

In an attempt to implement new prognostic biomarkers in routine clinical practice,
Schultz et al. found no survival benefit when determining suPAR levels in the emergency
department [52]. In patients with sepsis, systemic inflammatory response syndrome, or
bacteraemia, suPAR levels were shown to be of prognostic value in estimating disease
severity and outcome. However, its diagnostic value is low, as it resembles an unspecific
marker of inflammation [46,53]. Yet, its prognostic value seems to be superior to other
inflammatory biomarkers, such as procalcitonin (PCT), likely due to minimal circadian
changes in suPAR levels [54,55].

SuPAR has been shown to be a strong and independent marker of mortality in patients
with chronic HF or type 2 diabetes and can also improve the accuracy of risk stratification
when combined with traditional measures, such as evaluation of cardiovascular risk fac-
tors, coronary artery calcifications, or high-sensitivity CRP [56,57]. Figure 1 provides an
overview of different pathological pathways addressed by novel biomarkers.
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1.5. cBIN1

Cardiac bridging integrator 1 (cBIN1) is an integral part of cardiomyocyte microtubule
anatomy and regulation of calcium currents [58,59]. Recent studies have shown an in-
verse correlation of cBIN1 plasma levels with occurrence and severity of chronic heart
failure [60,61]. Cardiac bridging integrator 1 score (CS) has been introduced as a tool to use
cBIN1 levels for risk stratification among patients who are suffering from or who are at
risk of developing chronic heart failure [60,61].

2. Common Detection Methods for Biomarker Analysis

As previously mentioned, biomarkers such as sST2, H-FABP, GDF-15, and suPAR, or a
combined analysis thereof, may represent a promising tool to support the clinical diagnosis
of certain CVD. Therefore, the availability of detection methods to gain reproducible and
reliable biomarker concentrations is crucial.

Soluble proteins are secreted into the circulation where they can easily be harvested
in whole blood by venous puncture. Serum or plasma samples may then be derived by
centrifugation of whole blood at 2000 rpm for approximately 20 min. The samples may be
measured directly, or stored at −80 ◦C until further analysis to prevent the degradation
of the proteins of interest. Absorbance assays, such as enzyme-linked immunosorbent
assay (ELISA) belong to the main standard procedures for soluble biomarker detection.
Most of the available ELISA kits for serum or plasma analyses are based on the so-called
“Sandwich” ELISA, where a capture antibody binds the antigen in the sample. A colour
reaction is achieved by the addition of an appropriate detection antibody in addition to
an enzyme that is activated by a 3,3′,5,5′-Tetramethylbenzidine (TMB) substrate. The
optical density can then be measured with the help of an absorbance reader [62]. Although
several manufacturers have attempted to develop an assay that may be used in the clinical
setting, only a few ELISA kits have diagnostic grade approval. As biomarker detection
using ELISA is a rather time-consuming procedure, different companies have already
successfully developed some rapid tests to get reproducible biomarker level results within
a couple of minutes [63].

As far as the detection of sST2 is concerned, a large range of ELISA kits from various
manufacturers is available. However, most are approved for research use only. The kits
from R&D Systems (Human ST2/IL-33R Quantikine ELISA Kit [9], Human ST2/IL-33R
DuoSet ELISA [64]; Minneapolis, MN), and Medical & Biological Laboratories (MBL) Co,
Ltd. (Woburn, MA, USA) [65–67] are most commonly used in research laboratories all over
the world. To date, only two assays are available that have the certificate for clinical usage:
the highly sensitive Presage Assay (Critical Diagnostics, San Diego, CA, USA) [68–72]
and the ASPECT PLUS ST2 Quantitative Rapid Test Assay (Critical Diagnostics, San
Diego, CA, USA), which is based on quantification by sandwich monoclonal lateral flow
of anticoagulated blood [63,73,74]. For the latter, a small amount (35 µL) of the patient’s
serum or plasma is loaded onto an analysis cassette and two drops of a provided buffer
are added. The cassette is then analysed using an appropriate reader and results may be
obtained within 20 min [75]. Although all available ELISA kits have been approved for
diagnostic or research purposes, studies have revealed large discrepancies in serum or
plasma sST2 values among the different kits [76].

Several studies have concluded that H-FABP is a promising and reliable biomarker for
the diagnosis of several cardiac diseases, such as acute myocardial infarction (AMI) [77]. As
a consequence thereof, several test types and assays haven been developed to determine the
biomarker’s levels in peripheral blood, as well as in urine. In 1995, Ohkaru et al. developed
an immunosorbent technique to assess and quantify H-FABP by ELISA [78], which was the
milestone for the development of further ELISA kits which are widely available nowadays:
the kits from R&D Systems (Human FABP3 DuoSet ELISA [79], Minneapolis, MN) and
Hycult Biotechnology (Uden, The Netherlands) [80] have great evidence to assess blood
H-FABP levels in several clinical research projects. As far as the clinical diagnosis of H-
FABP is concerned, the Heart FABP (FABP3) Human ELISA kit from BioVendor Laboratory
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Medicine (Modrice, Czech Republic) has successfully gained clinical diagnostic grade.
However, besides ELISA other techniques for the quantification of H-FABP levels exist,
such as proximity extension analyses (described elsewhere) [81], and latex enhanced
turbidimetric immunoassays [82,83]. The latter is based on latex particles that are coated
with a monoclonal anti H-FABP antibody that bind the appropriate antigen in the sample
and agglutinate. Thereafter, the light scattering caused by an increase in particle size
is a measure of the H-FABP concentration (HiSens H-FABP turbidimetric immunoassay,
HBI, Anyang, Korea) [84]. Randox Laboratories Limited (Crumlin, Co. Antrim, UK)
provides a fully automated system that quantifies the protein’s level within approximately
15 min [85,86]. In comparison to the results gained by ELISA, immunoturbidimetric assays
reveal higher H-FABP levels with a greater area under the curve and superior prognostic
information than ELISA [83]. In addition to that, several bedside rapid tests have already
been established to provide quantitative results within a short time range: Cardiodetect®

from Rennesens GmbH (Berlin, Germany) was the first H-FABP rapid test worldwide and is
based on a chromatographic immunoreaction that detects the protein’s level in the patients’
whole blood with a threshold of 7 ng/mL [87,88]. Further companies have then seized on
this idea to improve the rapid clinical diagnosis of cardiac biomarkers, combining the two
most important cardiac biomarkers, H-FABP and troponin I, in one single rapid test cassette.
The combined tests are also based on the binding properties of the appropriate antigens
with the specific antibodies that are provided on a nitrocellulose membrane (e.g., H-FABP
and cTnI Combo Rapid Test Cassette by BioZEK B.V., The Netherlands, or MyoCheck® by
Concile GmbH, Germany).

GDF-15 is a highly prominent biomarker in CVD, thus reliable and reproducible
test results are crucial for risk stratification and prognosis. Several studies have ad-
dressed the measurement of this biomarker using the research kits Quantikine [89–92] and
DuoSet [93–96] ELISA from R&D Systems (Minneapolis, MN). However, some in vitro di-
agnostic assays for GDF-15 have already been developed, namely GDF-15/MIC-1 Human
ELISA from BioVendor Laboratory Medicine (Modrice, Czech Republic) [97–99]. More
recently, a relatively new methodology has emerged and already received the CE mark in
the European Union. The automated electrochemiluminescence (Elecsys®) immunoassay
by Roche Diagnostics (Basel, Switzerland) is based on a sandwich immunoassay principle
that may be performed with 35 µL of the patient’s blood sample. Two incubation periods
of only 9 min with automated washing steps in between make this a straightforward,
rapid procedure requiring little personnel effort. The detection of the quantitative signal
is achieved by measuring the antigen–antibody complexes via electrochemiluminescence
using a cobas e analyser (Roche Diagnostics, Basel, Switzerland) [100–102]. Some studies,
such as that of Wollert et al. [103], have compared serum or plasma GDF-15 levels gained
by different available research and diagnostic kits. The results showed that GDF-15 concen-
trations measured by Elecsys assay correlated with those from ELISA. Additionally, it has
been shown that the GDF-15 concentrations do not differ significantly in plasma or serum
samples, respectively [90].

As for the other biomarkers mentioned, the sandwich ELISA procedure is also the
method of choice for the measurement of peripheral suPAR concentrations. The most promi-
nent and widely used kit certainly is the suPARnostic® ELISA by ViroGates (Birkerød, Den-
mark). The kit is certified for in vitro diagnostics and is therefore valid for clinical use [104].
In contrast to the kits available for research use only, such as the Quantikine [105–107]
and DuoSet [79,93,95] ELISA Kits from R&D Systems, the benefits of suPARnostic® ELISA
include the time-to-result ofonly 1.5 h and the easy handling of the ready-to-use reagents.
The blood samples are mixed with provided secondary peroxidase-linked antibodies and
are then applied to a pre-coated test plate [108–112]. Additionally, ViroGates has overcome
the challenge of generating a rapid test capable of providing peripheral suPAR concen-
trations within 20 min. The suPARnostic® Quick Triage (ViroGates, Birkerød, Denmark)
is a relatively new method which allows the quantification of biomarker levels by the
lateral flow principle, not requiring analysis in a diagnostic laboratory. Only a few studies
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have already used this quick test for the analysis of a patient’s blood, such as Kumar
et al. [113], and Sandrø et al. [114]. Furthermore, suPAR may also be alternatively detected
by a turbidimetric assay, which is a rapid latex particle-enhanced immunoassay, called
suPARnostic® TurbiLatex (ViroGates, Birkerød, Denmark). Previously, Skovsted et al.
have compared plasma suPAR levels obtained by turbidimetric assay on Roche Cobas®

8000 measurement systems, with the results obtained by suPARnostic® ELISA; it was
shown that the results gained correlate strongly with those from ELISA analysis and exhibit
a high reproducibility. Therefore, suPARnostic® TurbiLatex is a reliable alternative to the
relatively time-consuming ELISA procedure to evaluate the plasma’s suPAR levels within
10 min [115].

3. Inflammatory Processes in Cardiovascular Disease

Atherosclerosis is widely recognized as a product of chronic arterial inflammation.
Atheromas, as sites of ongoing cytokine production, are the root cause of major cardiovas-
cular events through rupture and subsequent vessel occlusion [116,117]. Certain cardio-
vascular biomarkers, such as hs-CRP and suPAR, are indicators of inflammatory activity,
and can therefore reflect atherosclerotic processes and give an estimation of cardiovascular
risk [104]. Furthermore, sST2, which is part of the IL33–ST2L axis, is an indicator of immune
responses, whether due to an exposure to pathogens, death by apoptosis or necrosis, which
represents a key part of myocardial infarction [118]. Levels of sST2 can, therefore, reflect
the extent of myocardial damage, and predict the outcomes and the length of hospital
stay [6,119]. Using novel biomarkers has provided us with a more detailed understanding
of inflammatory and immunologic processes in CVD. That knowledge could serve as
grounds for future treatment strategies that specifically target and possibly attenuate the
inflammatory processes involved in atherosclerosis or myocardial damage [120,121].

4. Multimarker Approach

While each of the discussed biomarkers reflect pathologic processes with respect to
CVD and predisposing conditions, each one has its strengths and weaknesses. While sST2,
suPAR and GDF-15, for example, can be significantly elevated in patients suffering from
acute myocardial infarction (AMI), levels of sST2 and GDF-15, but not suPAR, correlate
with the duration of hospitalization and possibly predict the development of chronic HF
after the initial event [6,119,122]. Elevated levels of suPAR, on the other hand, correlate
with atherosclerosis, (pre-) diabetes and impaired renal function [42,46,51]. SuPAR, there-
fore, might be a valuable tool in the recognition of risk factors for primary prevention of
cardiovascular events. These are only a few examples of specific scopes of application
for selected novel cardiovascular biomarkers. A multimarker approach combines various
markers and their individual strengths for risk stratification and prediction of outcomes, as
well as diagnostic purposes.

5. Conclusions

Novel cardiovascular biomarkers, in addition to “traditional” markers (pBNP, hs-
troponin, CRP) are able to provide additional prognostic information regarding cardiovas-
cular risk in patient populations with certain predisposing conditions, such as diabetes
mellitus, renal failure, or obesity. They may also provide a reliable estimation about
prognosis in chronic HF and reflect inflammatory processes, such as atherosclerosis and
cardiac remodelling after myocardial infarction. Clinical relevance for these findings,
however, is yet to be established and might be accomplishable by utilizing a multimarker
approach. Concerning this, it is also crucial that reliable and relatively rapid assays for the
measurement of circulating biomarkers in the patients’ serum or plasma samples are avail-
able. However, more clinically oriented studies regarding the usability of most prognostic
biomarkers are warranted.
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