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Bi1oMARKERS IN HEART FAILURE: CURRENT AND FUTURE

Heart failure (HF) is the ending of practically all cardiovascular diseases and the reason for hospitalization of 49% of patients
in a cardiological hospital. Available instrumental diagnostic methods and biomarkers not always allow verification of HF,
particularly in patients with preserved left ventricular ejection fraction. Prediction of chronic HF in patients with risk
factors faces great difficulties. Currently, natriuretic peptides (NUP) are widely used for the diagnosis, prognosis and
management of patients with HF and are included in clinical guidelines for diagnosis and treatment of HF. Following
multiple studies, the understanding of NUP significance has changed. This resulted in a need for new biomarkers to improve
the insight into the process of HF and to personalize the treatment by better individual phenotyping. In addition, current
technologies, such as transcriptomic, proteomic and metabolomic analyses, provide identification of new biomarkers and
better understanding of features of the HF pathogenesis. The aim of this study was to discuss recent reports on NUP and
novel, most promising biomarkers in respect of their possible use in clinical practice.
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iomarkers are commonly used in clinical prac-
Btice as a convenient and straightforward me-
thod for patient diagnosis and monitoring [1, 2].
Their main advantage consists in the possibility
of early diagnosis, often before the appearance of
clinical symptoms of severe or clinically significant
structural changes in the internal organs.

This is of particular significance for early
detection of heart failure (HF), since the first
clinical manifestations of this condition are non-
specific, often resulting in late diagnosis, which

contributes to a worse prognosis. “Biomonitoring”

during treatment is another critical aspect of using
biomarkers in patients with heart failure. The
intermittent course of HF, involving remissions
and progressions, requires continuous patient
monitoring to adjust the treatment regimen. The risk
of cardiovascular events (CVEs) can be significantly
reduced by using biomarkers to assess the efficacy of
therapy or identify symptomless free deterioration.
Finally, biomarkers provide information about
the complex pathophysiology that determines HF
phenotype, helping to identify targets for nosotropic
treatment. Thus, despite the apparently simple
definition of the term “biomarker” proposed by
the Food Drug Administration (FDA) — “a defined
characteristic that is measured as an indicator of
normal biological processes, pathogenic processes,
or responses to an exposure or intervention,
including therapeutic interventions” — includes a
wide range of indicators depending on their uses

(Figure 1, adapted from [3]).
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The classification of HF biomarkers based on
HF pathogenesis originally proposed in 2008 is
constantly being updated with new methods of
diagnosis to significantly expand our understanding
of the pathophysiological pathways of HF ( Figure 2
adapted from [4]). Although there have been many
recent studies in this area, their reliability and
clinical significance remain unclear. In this paper, we
discuss the current situation in the light of new data
and provisions on the use of natriuretic peptides
(NPs), the most well-studied novel biomarkers of HF,
as well as promising modern directions of search of
biomarkers, such as the assessment of the microRNA
expression and metabolomics.

Figure 1. Functional types of biomarkers
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Figure 2. Cardiac biomarkers Natriuretic peptides
NPs were discovered in 1963 when the secretory
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followed by brain natriuretic peptide (BNP),
which has a similar diuretic effect. The first studies
assessing the role of NPs in the diagnosis of HF were
published in the late 1990s. Research in this area
carried out over the past two decades has confirmed
the diagnostic value of NPs and the concomitant
possibility of using these biomarkers in clinical
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o Valvular heart disease

o Atrial fibrillation
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NT-proBNP and BNP thresholds were evaluated
in several clinical trials. It was shown that their
levels in acute heart failure (AHF) and CHF vary
significantly, while the levels of NT-proBNP <300
pg/mL completely excluded the presence of AHF
[7]. The use of NPs in clinical studies as inclusion-,
exclusion-, treatment response- and endpoint crite-
ria remains challenging. The use of BNP or NT-
proBNP as inclusion criteria is based on the belief
that this approach provides accurate verification
of HF to recruit the required number of relevant
patients and increase the frequency of events [8].
Despite the prevalence of this approach, there is an
inconsistency in how the BNP or NT-proBNP test
results are used in clinical trials [9]. The analysis
of 3,446 clinical trials in HF, in 365 of which BNP
or NT-proBNP was used as an inclusion criterion,
showed that the thresholds used as inclusion criteria
varied significantly. Thus, only 13 (10.3%) of 126
AHF trials and 48 (20.1%) of 239 CHF trials used
different NP thresholds, which depended on the
presence of factors that could influence the outcome,
such as atrial fibrillation (AF), age, and BMI. Only in
6 (2.5%) CHF studies, were the thresholds adjusted
for patients with heart failure with preserved ejection
fraction (HFpEF) or with reduced ejection fraction
(HFrEF). It should be noted that, when NPs were
used as the inclusion criteria, the lack of recruitment
was the most common cause of trial discontinuation.
The lack of standard methods of using NPs in clinical
trials makes it challenging to interpret the results and
develop further practical guidelines. Thus, Ibrahim
et al. offered recommendations on further use of
NPs in clinical trials (Table 1, adapted from [9]).

Table 1. Recommendations
for the estimation of NPs in clinical trials

If the objective is to exclude patients without heart failure

a. BNP <100 pg/mL or NT-proBNP <300 pg/mL to rule out AHF

b. BNP <35 pg/mL or NT-proBNP <125 pg/mL to rule out CHF

If the objective is to include patients with probable AHF
in the emergency room, they should have dyspnea symptoms
accompanied by the following thresholds

a.BNP > 100 pg/mL

b. NT-proBNP>450 pg/mL (<50 years); >900 pg/mL (50-75 years);
> 1800 pg/mL (>75 years)

Risk assessment in patients with HFrEF and HFpEF

a. BNP >100 pg/mL or NT-proBNP >360 pg/mL in HFpEF

b. BNP >150 pg/mL or NT-proBNP >600 pg/mL in HFrEF

c. Consider the clinical manifestations, including the severity of
symptoms, LVEF, and comorbidities, irrespective of the risk observed
in patients with elevated BNP or NT-proBNP

NPs - natriuretic peptides; HF — heart failure; AHF — acute

heart failure; CHF - chronic heart failure; HFrEF — heart failure
with reduced ejection fraction; HFpEF — heart failure with
preserved ejection fraction; LVEF - left ventricular ejection fraction;
BNP - brain natriuretic peptide; NT-proBNP —

N-terminal pro-brain natriuretic peptide

Prognostic value

The prognostic value of NPs has been estimated
in several trials. For example, in 2014, Salah et al.
[10] showed that cumulative 180-day mortality
in patients with AHF admitted to the emergency
room was 4.1% in patients with NT-proBNP <1,500
pg/mL. Mortality was twofold with NT-proBNP
from 1,500 to 5,000 pg/mL, ir was 24% with NT-
proBNP from 5,000 to 15,000 pg/mL, and reached
41% in patients with NT-proBNP more than 15,000
pg/mL [10]. Moreover, increased levels of NPs
can be used as a prognostic marker in patients with
documented HF to identify patients at higher risk
even in the absence of HF symptoms. For example,
in a large study of 30,487 patients, 62% of whom
had no signs of HF, increased BNP levels were
associated with twofold mortality comparable to
patients with HF [11]. The possibility of using BNP
for risk stratification and monitoring of patients
with cardiovascular diseases (CVDs) was studied
in the STOP-HF trial. The trial included 1,374 sub-
jects who had risk factors for HF, such as arterial
hypertension, dyslipidemia, obesity, coronary artery
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disease and manifested cardiac arrhythmias. The
signs of systolic dysfunction confirmed by clinical
investigations or clinical signs of heart failure were
exclusion criteria. BNP levels were evaluated in
all patients, but general practitioners could only
access the test results of the main group. If BNP
levels were >50 pg/mL, the patient was referred for
cardiological consultation. Patients of the control
group underwent annual examinations and received
standard therapy. The follow-up period was 4 years.
Monitoring the NP levels allowed the combined
indicators of LV systolic dysfunction, LV diastolic
dysfunction and HF, as well as the associated number
of emergency admissions, to be reduced for severe
CHF [12].

Treatment under NP monitoring

The diagnostic and prognostic roles of NPs in
CHF have been well studied. However, the data
used to determine patient management under
NP monitoring are contradictory. The first stu-
dies in this area were promising. In the STARS-
BNP study, Jourdain et al. [13] demonstrated a
statistically significant decrease in HF mortality
and hospitalization rates (24%) in the group of
patients with CHF NYHA FC II-III and receiving
therapy aimed at achieving BNP levels <100 pg/
mL compared with patients treated without BNP
monitoring (52%). However, only about one-third
of patients in the treatment group reached the target
BNP levels [13]. Similar results were obtained in
the Pro-BNP study [14]. However, more recent and
larger studies showed no superiority of treatment
over BNP monitoring. GUIDE-IT was a randomized,
multicenter trialincluding 1,100 patients with HFrEF,
elevated BNP levels in the preceding 30 days, and a
history of heart failure. Patients were randomized to
the group of treatment under NT-proBNP monito-
ring aiming to achieve the target levels <1000 pg/
mL or a group of conventional treatment according
to the clinical guidelines. Cardiovascular death
and time to the first hospitalization for CHF were
used as the primary endpoints. The study included
894 patients who were followed up for an average
of 15 months. The primary endpoint was achieved
in 164 (37%) patients in the biomarker monitoring
group and 164 (37%) patients in the conventional
treatment group (adjusted odds ratio (OR) 0.98,
95% confidence interval (CI) 0.79-1.22; p=0.88).
The incidence of the secondary endpoints or achie-
vement of NT-proBNP target levels did not reduce.
The study was terminated early due to the lack of
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effect of the chosen strategy. [15] Thus, if a patient
receives adequate treatment following the clinical
guidelines and under medical supervision, the
management with the additional NP monitoring has
no advantages.

The findings of the recent trials studying NPs are
reflected in the 2019 European Society of Cardiology
practical guidance on the use of natriuretic peptide
concentrations [16].

Main provisions of the practical

guidance on the use of natriuretic peptide
concentrations developed by the Heart Failure
Association of the European Society of Cardiology

1. NPs should always be used in conjunction with all
other clinical information.

2. NPs are reasonable surrogates for intracardiac
volumes and filling pressures.

3. NPs should be measured in all patients
presenting with symptoms suggestive of HF,
such as dyspnoea and/ or fatigue, as their
use facilitates the early diagnosis and risk
stratification of HF.

4. NPs have very high diagnostic accuracy in
discriminating HF from other causes of dyspnoea:
the higher the NP, the higher the likelihood that
HF causes dyspnoea.

S. Optimal NP cut-off concentrations for the
diagnosis of acute HF in patients presenting to
the emergency department with acute dyspnoea
are higher compared with those used in the
diagnosis of chronic HF in patients with dyspnoea
on exertion.

6. Obese patients have lower NP concentrations,
mandating the use of lower cut-off concentrations
(about 50% lower).

7.In stable HF patients, but also in patients with
other cardiac disorders such as myocardial
infarction, valvular heart disease, atrial fibrillation,
or pulmonary embolism, NP concentrations
have high prognostic accuracy for death and HF
hospitalization.

8. Screening with NDPs for the early
detection of relevant cardiac disease, including
left ventricular systolic dysfunction in patients
with cardiovascular risk factors, may help to
identify patients at increased risk, therefore
allowing targeted preventive measures
to prevent HF.

9. BNP, NT-proBNP, and MR-proANP have
comparable diagnostic and prognostic accuracy.
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10. In patients with shock, NPs cannot be used to
identify the cause (e.g., cardiogenic vs. septic
shock) but remain prognostic.

11. NPs cannot identify the underlying cause of HF
and, therefore, if elevated, must always be used
in conjunction with cardiac imaging.

The national clinical guidelines for chronic heart
failure of 2020 are more categorical. “Brain natriu-
retic peptide and N-terminal pro-brain natriuretic
peptide (NT-proBNP) should be estimated in all
patients with suspected CHEF”. There is also a
commentary: “Natriuretic peptides are biological
markers of heart failure, which are also used to
monitor treatment efficacy. Normal levels of NPs
patient
heart damage, i.e., CHF is unlikely. In the gradual

in treatment-naive virtually eliminate
(not acute) onset of symptoms, NT-proBNP and
BNP levels lower than 125 pg/mL and 35 pg/
mL, respectively, indicate the absence of heart
failure)” [1].

Thus, in the light of experience gained over the
past 20 years, which led to a new understanding
of the interpretation of NP tests, it was necessary
to find new, more specific, accurate and accessible
biomarkers.

Stimulating growth factor sST2

Another very well-studied marker of HF is the
growth stimulation expressed gene 2 (ST2). ST2 is
a protein of the interleukin (IL)-1 receptor family,
whichisreleased under myocardial stress and has two
isoforms: transmembrane ligand ST2L and soluble
circulating component (sST2) [17]. Interleukin-33
(IL-33), comprising a member of the cytokines
IL-1 superfamily expressed in epithelial and
endothelial cells, is a ligand for ST2. IL-33 produces
a cardioprotective effect by reducing apoptosis and
suppressing fibrosis. Soluble component (sST2) acts,
by contrast, as a decoy receptor for IL-33, prevents it
from binding with the ST2 ligand, which causes the
death of cardiomyocytes, fibrosis and ventricular
remodeling. Several studies have showed thatitis not
only a marker of fibrosis, but also of inflammation.
Given the involvement of sST2 in such pathogenetic
aspects as the development of fibrosis, myocardial
stress and inflammation, the use of this protein as a
potential marker of heart failure is very promising.

Diagnosis and prognosis of HF
The first studies of the diagnostic significance of
ST2 showed itsincrease in patients with AHF, but the

8

diagnostic value of NP was higher than that of sST2
in the comparative analysis [18]. A series of trials
and meta-analyzes have confirmed the advantage
of ST2 as a prognostic marker. For example, a meta-
analysis by Aimo et al. [19] of 7 studies with a total
of 6,372 patients with CHF showed high predictive
accuracy for the risk of all-cause death (OR 1.75,95%
CI 1.37-2.22) and cardiovascular death (OR 1.79,
95% CI 1.22-2.63; p < 0.001). The large-scale study
PARAGON-HF provided further
of the high prognostic value of ST2. Increased

confirmation

initial levels of sST2 were statistically significantly
the
mortality and hospitalization for heart failure [20].
Skvortsov et al. [21] showed that levels of sST2
had the highest sensitivity to the development of a

associated with increased cardiovascular

combined endpoint (cardiovascular death, repeated
hospitalization due to HF, decompensated HF
and clinical death with successful resuscitation) in
patients hospitalized with decompensated CHF
within a year. Changes in the sST2 levels during
therapy were also prognostically valuable [21].

Treatment under sST2 monitoring

The studies demonstrated changes in sST2
levels occurring in response to treatment, which in
combination with its high predictive value, makes it
reasonable to use this biomarker for optimizing the
treatment of patients with HF. A blind, randomized
controlled trial STADE-HF recently performed to
evaluate treatment efficacy under sST2 monitoring
included 123 patients hospitalized for AHF. Patients
were randomized to the conventional treatment
group (unknown sST2 levels) or the treatment group
under sST2 monitoring, which was estimated on Day
4 of hospitalization to determine the management.
The primary endpoint was a frequency of repeated
hospitalizations for any reason in 1 month. Although
no significant differences in the endpoint were found
between the groups, a greater than 18% decrease in
the sST2 level was associated with a lower frequency
of repeated hospitalization [22].

To sum up, it is clear that sST2 has a high
prognostic value in predicting heart failure. It should
be noted that this biomarker, which is unaffected by
risk factors (sex, BMI reduced renal function), has an
advantage over NP. Finally, the long-term outcomes
of sST2 monitoring should be studied.

Galectin-3
Given the pathogenetic significance of fibrosis
in the development of HF, it is of growing interest
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to study galectin-3, which is a lectin product of
macrophages, which is involved in a fibrosis cascade.
The role of galectin-3 in myocardial remodeling was
first described in 2006 by van Kimmenade et al. [23].

Diagnosis and prognosis of HF

The diagnostic value of galectin-3 has been
extensively studied in patients with AHF and CHF.
The controlled and randomized HF-ACTION study
showed a significant increase in the galectin-3 levels
in patients with CHF. However, this biomarker is
considered to be inferior to NP as a predictor of
adverse outcomes [24]. Given the role of fibrosis
in the pathogenesis of HFpEF, the data obtained
by Dubolazova & Drapkina [25] are of interest;
according to these data, there was a significant
increase in the serum levels of galectin-3 in patients
with HFpEF compared to patients HFrEF. The
possibility of using this biomarker in the diagnosis of
HFpEF was confirmed by Kanukurti et al. [26], who
showed that serum galectin-3 within 10.1 ng/mL
has 77.78% sensitivity and 95% specificity with an
area under the curve (AUC) of 0.93, which exceeds
the diagnostic sensitivity of NT-proBNP in patients
of this group.

The prognostic value of galectin-3 remains
unclear. In the study assessing the efficacy of
valsartan therapy (Val-HeFT), initial levels of
galectin-3 were not associated with the risk of all-
cause death or hospitalization due to heart failure.
However, an increase in the galectin-3 levels per 1
ng/mL was associated with increased risks of death
at 2.9%, achieving primary endpoint at 2.1% and
hospitalization for heart failure at 2.2% [27]. When
comparing the prognostic significance of biomarkers
of interest, the superiority of sST2 in assessing risks
of achieving endpoints should be noted [28].

To sum up, galectin-3 appears to be an attractive
candidate for the diagnosis of HFpEF. However, its
application as a prognostic marker and a method of
HF treatment monitoring is still relatively unknown.

Omics-based biomarkers

Omics-based biomarkers include four levels:
genomics (a study of genes and their functions),
transcriptomics (a study of all RNA molecules,
including non-coding RNA), proteomics (a study of
proteins) and metabolomics (an analysis of molecules
involved in metabolism). The rapid development of
postgenomic researches in the past decade caused
a stir in all areas of medicine, including cardiology,

giving hope for the development of new biomarkers.
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A postgenomic research is a study of mechanisms
that can effect changes in gene expression, or, in
other words, changes in protein synthesis without
altering the DNA sequence. Experimental studies
allowed to correlate the presence of risk factors and
epigenetic modifications. It is currently believed
that at least three mechanisms are responsible for
initiating and maintaining epigenetic changes: DNA
methylation, histone modification and non-coding
RNA (ncRNA). Combined with data on the stability
of these molecules, the detection of ncRNA, such
as microRNA, long non-coding RNA (IncRNA)
and annular RNA circulating in the blood and other
biological fluids, makes them potentially interesting
and promising biomarkers for the diagnosis and
monitoring of various diseases.

MicroRNAs that control gene expression through
the transcript degradation or the translation sup-
pression when bounding to the three prime
untranslated regions (3’ - UTR) of the target
mRNA are among the best studied. Fundamental
and clinical trials demonstrated the significance of
microRNAs in the regulation of cell differentiation,
growth, proliferation, apoptosis, oxidative stress
and inflammation. In other words, microRNAs are
involved in the regulation of basic pathogenetic links
of the development and progression of HF [29-32]
(Figure 3). Since the range of circulating microRNAs
may vary considerably in different phenotypes of
HF, HF patients are likely to have reduced levels
of circulating microRNA. However, the origin
and functions of circulating microRNAs are still
unclear. One of the controversial issues is whether
the levels of circulating microRNAs reflect the tissue
levels of microRNA? In attempting to answer this
question, Akat et al. [33] showed that differences
in tissue microRNA expression in patients with
severe HF compared to healthy individuals usually
do not affect the levels of circulating microRNAs.
Moreover, microRNA expressed by hematopoietic
and endothelial cells prevailed among the circulating
ncRNAs, with only 0.1% expressed by cardiac
microRNA. However, the expression of these
microRNAs correlates with changes in the expression
of tissue microRNAs. Although the detection of
microRNA may be hindered by low blood levels, they
still represent highly specific markers [33]. Tijsen
et al. [34] revealed increased levels of circulating
miR-423-5p in patients with HF and similar tissue
expression in a pathological study in patients with
dilated cardiomyopathy. It should also be noted that
microRNAs circulating in HF may be due to system
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Figure 3. MicroRNAs associated with heart failure

disorders caused by volume overload and impaired
organ perfusion, which in turn may be of interest in
terms of searching for possible biomarkers.

HF diagnosis

The first studies aimed at assessing the diagnostic
value of microRNAs in AHF and CHF appeared
about 10 years ago. A study in a small sample of
patients showed the most interesting results for miR-
21 associated with fibrosis, myocardial hypertrophy
and apoptosis; miR-23 related to the regulation
of angiogenesis and apoptosis, while miR-423-5p
demonstrated value as a diagnostic and prognostic
marker of HF in several clinical trials [29]. The
study carried out by Seronde et al. [29], which

ISSN 0022-9040. Kardiologiia. 2021;61(5). DOI: 10.18087/cardio.2021.5.n1530

included 294 patients with AHF, 58 with noncardiac
dyspnea and 44 with CHF, seem interesting. It shows
a significant decrease in the expression of miR-
126 and miR-423-Sp in the groups of patients with
dyspnea compared to the group of patients with
CHF. Here, the levels of miR-21 and miR-23 did
not differ between the groups. The same study
assessed the prognostic value of miR-423-5p in the
main group and in the validation group (n=711)
[29]. The results of a study evaluating the expression
of 132 microRNAs in 1,700 patients have been
published recently. The analysis identified a panel
of 8 microRNAs with high specificity and sensitivity
comparable to NP. The total score of NP and the
microRNA panel increased the specificity to 99%.

11
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Studying microRNA as a marker differentiating
HFrEF and HFpEF was another objective of the
trial. However, both sensitivity and specificity were
significantly lower in this case [31].

Prognosis for HF

The prognostic value of microRNA concerning
the development HF is also of interest. Besides
small researches, there are new works studying larger
cohorts using standardized measurement methods.
A study of the predictive value of 12 circulating
microRNAs in two independent cohorts with a
total of 2,203 subjects carried out by Bayés-Genis
et al. [35] demonstrated a statistically significant
correlation of miR-1254 and miR-1306-5p along
with the development of the endpoints such as all-
cause death and hospitalization due to HF.

Treatment under the microRNA monitoring

Assessment of the microRNA levels as a marker
of treatment response can be very promising
since microRNAs regulate various mechanisms
of myocardial remodeling and are expressed in
different ways depending on the degree of structural
and functional heart disorders. In a recent study,
the expression of 84 microRNAs was analyzed
before and after the implantation of a cardiac
resynchronization device. A total of 24 circulating
microRNAs associated with HF and S microRNAs
(26b-5p, 145-5p, 92a-3p, 30e-5p, 29a-3p) were
found, whose levels were directly correlated with left
ventricular ejection fraction (LVEF) and inversely
correlated with the levels of NT-proBNP. CRT-
induced reverse LV myocardial remodeling and
improvement of the systolic function of the heart
were associated with increased expression of 19
microRNAs. The absence of positive effects after the
device implantation was accompanied by a modified
expression of only 6 microRNAs [32].

The
patients with severe CHF and heart transplant

results of the microRNA analysis in
recipients in early and late post-transplantation
periods have been published recently. It has been
shown that patients with end-stage HF had a
statistically significant increase in the expression
of microRNA-101, -27, -339 and -424 in the blood
plasma. The levels of expression of miR-101 and
-27 decreased in the early post-transplantation peri-
od [36].

These results are not only of interest for the
development of predictors of drug and implant
response, but also suggest that microRNA-based

12

pharmaceuticals could improve the outcomes in
patients with HF.

Given the complexity of HFpEF diagnosis, the
active search for microRNAs differentiating HFrEF
and HFpEF continues. The first papers described the
microRNA panels, which are significantly different
in patients with HFrEF and HFpEF [37-39].In 2019,
Chen et al. [40] highlighted the potential of two
microRNAs characteristic of HFpEF — miR-3135b
and miR-3908 — as markers differentiating HFrEF
and HFpEF. However, it should be noted that these
studies were based on small patient samples. Each
study provided a unique set of microRNAs, whose
conflicting results were possibly due to different
inclusion criteria and heterogeneous comorbidities.

There is still a long way to study the biological
role, pathogenetic features, and diagnostic pos-
sibilities of circulating microRNA in HF. First of all,
there are several technical issues to solve, and the
methodology should be standardized to achieve
better reproducibility. Only then would it be possible
to implement protocols for using microRNA in
clinical practice. However, it is now possible to talk
about the great potential of assessing microRNA as
a biomarker with higher diagnostic and prognostic
value than conventional indicators [41].

Metabolomics
HF
a comprehensive

Another promising area to search for

biomarkers is metabolomics,
assessment of endogenous metabolites. Recent
advances in this area showed the crucial role of
previously unknown metabolites or metabolic
pathways in the development of cardiovascular
diseases. Given the high energy needs of the
myocardium, systemic and myocardial metabolic
disorders may directly initiate a vicious cycle causing
HF and promoting its progression [42]. More papers
are becoming available in the literature that analyze
the association of metabolites with the parameters
of myocardial remodeling and the HF course. For
example, a retrospective study of metabolomic
profiles of 2,336 subjects of the Framingham trial
followed up for an average of 15.8 years showed a
clear correlation between three metabolites and
LV remodeling: kynurenine, diacylglycerol and
leucine with left ventricular end-diastolic dimension
[43]. In another study of 74 patients with coronary
artery disease, a negative correlation was found
between the levels of sphingosine-1 phosphate
and sphingomyelin with LVEF [44]. Our study
showed a significant association of the circulating
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Figure 4. Potential heart failure biomarkers
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acylcarnitine levels with the degree of myocardial
hypertrophy and parameters of diastolic dysfunction
[45].

Diagnosis and prognosis of HF

The diagnostic value of plasma metabolomic
profiling was shown in a study by Cheng et al. [46].
The most valuable metabolites for CHF diagnosis
were histidine, phenylalanine, spermidine and
phosphatidylcholine C34:4. Statistically
cant differences in groups of patients with CHF

signifi-

at various stages were identified by the levels of
histidine, phenylalanine, ornithine, spermine, sper-
midine, phosphatidylcholines and taurine [47].
Metabolomic profiling allows identifying biomar-
kers in blood plasma and urine. Kang et al. [47]
detected decreased levels of 1 methylnicotinamide,
pyruvate and 2 oxoglutarate in urine samples of
HF patients. Very few papers on the prognostic
value of metabolomic profile in CHF patients were
published. Analyzing metabolomic profiles of 5,341
patients from the PROSPER trial and 7,330 patients
from the FINRISK trial, among whom 182 and
133 patients, respectively, had been hospitalized
for decompensated CHF within the previous 3-5
years, Delles et al. [48] found a direct association
of phenylalamine levels and negative association
of acetate levels with the risk of developing CHF.
Despite the large scale, the study had several
limitations. Since the nuclear magnetic resonance
spectroscopy was performed on 20-year old samples,
some of the metabolic compounds may have been
affected by degradation. Moreover, the results could
have been distorted by a failure to distinguish the
origin and course of CHF among patients. Lanfear
[49]

et al also demonstrated the prognostic

ISSN 0022-9040. Kardiologiia. 2021;61(5). DOI: 10.18087/cardio.2021.5.n1530

significance of the metabolomic profile in 1,032
patients with HF and LVEF <50%. The results
show the presence of a combination of amino acids
and acylcarnitines (metabolomic profile), whose
significant variation depending on the severity and
type of CHF was shown to function as predictors of
death in this group of patients.

Thus, these studies suggest that the profile of
plasmametabolites may be auseful tooltounderstand
the phenotype subgroups in HF and a possible
substrate for the identification of novel biomarkers
(Figure 4). However, additional large randomized
clinical trials should be carried out. There is no
doubt that metabolomics will enormously improve
the understanding of HF pathophysiology.

Conclusion

The study of biomarkers in terms of their
pathophysiological role and changes in their levels
under the effect of various treatment options leads
to insights into the pathogenetic features of the
course of heart failure, providing a basis for the
development of new drug therapies. While the
evaluation of the levels of brain natriuretic peptide
and its N-terminal precursor remains the gold
standard for the diagnosis and prognosis of heart
failure, limitations associated with the influence of
various factors on the levels of natriuretic peptides,
as well as threshold ambiguity and low informative
value in heart failure with preserved ejection fraction,
stimulate the continuing search for highly sensitive
and specific biomarkers.

Novel biomarkers, such as ST2 and galectin-3,
were gradually finding their way into clinical
practice and were included in the Guideline for
the Management of Heart Failure of the American
College of Cardiology [50]. The development
and rapid progress in the improvement of modern
technologies opened the door to the identification
of novel biomarkers. Multiomic profiling is likely to
be the next logical step. Of course, this will require
the development of bioinformatic technologies
necessary for the analysis of large data. Omics
technologies are just starting to develop, and many
more reproducible clinical observations are needed
to move from experimental studies to clinical
application. However, this area is of great potential
in searching for novel biomarkers and a possible
breakthrough in the treatment of heart failure.
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