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ABSTRACT

Heart failure (HF) poses a significant burden on healthcare systems due to its cost of treatment,
morbidity, and mortality. HF can arise from various cardiac dysfunctions or comorbidities such as
hypertension, obesity, diabetes, kidney disease, and dyslipidemia. Biomarkers, especially natriuretic
peptides (NP), play a crucial role in HF diagnosis and prognosis. Emerging biomarkers like galectin-3
and sST2 show promise, particularly for HFpEF and HFmrEF. Investigating cellular signatures at the
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article provides a concise overview of emerging biomarkers for diagnosis and prognosis of HF. It is
apparent that the future of HF diagnosis and treatment should focus on comprehensive single-cell
multi-omics panels, combining transcriptomics, metabolomics, and proteomics. This approach will
aid in identifying more precise biomarkers and risk factors related to the HF phenotype, allowing for
improved diagnostics and targeted therapies.

Introduction

Heart failure (HF) remains challenging to clinicians, scientists,
and healthcare systems, resulting in a significant cost, morbidi-
ty, and mortality burden. Ideally, HF is a composite clinical
syndrome attributable to multiple etiologies and a progressive
condition where the heart ceases to supply blood to the periph-
eral organs required to meet the body’s metabolic requirements.
According to the canonical definition of HE, “HF is a clinical
syndrome with symptoms and/or signs caused by a structural
and/or functional cardiac abnormality and corroborated by
elevated natriuretic peptide (NP) levels and/or objective
evidence of pulmonary or systemic congestion” [1]. Neverthe-
less, any dysfunction of cardiac activity could originate in the
heart itself or may be because of comorbidities occurring as
cardiovascular risk factors like hypertension, obesity, diabetes
mellitus, kidney disease, and dyslipidemia. Over recent years,
knowledge has expanded after extensive investigations and a
thorough understanding of the pathophysiological mechanisms
underlying HE.

HF phenotypes are classified based on left ventricular
ejection fraction (LVEF). HF with diminished LVEF is also
known as systolic heart failure, a condition in which heart
muscles fail to contract effectively, resulting in reduced levels of
oxygen-rich blood pumped out to the body. When LVEF is
about 50-70% termed normal, it is normal to perform regular
activities by the body. A borderline LVEF (41-49%), also termed
as mid-range LVEF (HFmrEF), means oxygenated blood is not
adequately pumped out of the chamber, and symptoms become
noticeable during activity. A reduced EF (HFrEF) means the
heart is pumping <40 % of blood from the chamber, not enough

for maintaining regular activities, and symptoms become
noticeable even during rest. Heart failure with preserved
ejection fraction (HFpEF), a type of diastolic heart failure, is
characterized by ventricles unable to relax as required for
normal ventricular filling (or when the ventricles rest) despite
the regular and proper contraction of the heart muscle.

Predicting the onset of HF is a complex challenge because
it can develop gradually over time and is often preceded by
other cardiovascular risk factors and conditions. However,
healthcare professionals use several risk factors, signs, and
tools to assess an individual's risk of developing HF. These can
aid in identifying individuals at a higher risk of developing HF
in the future. These include hypertension, coronary artery
disease, diabetes, obesity, smoking, family history and lifestyle
factors. It is evident that biological biomarker measurement
along with clinical signs and symptoms risk scoring such as
Framingham Heart Failure Risk Score [2] or the American
College of Cardiology/American Heart Association (ACC/A-
HA) risk calculator [3], proved to be useful to estimate an
individual's risk of developing HF based on various factors.
While these methods can help assess the risk of developing
HE, predicting its onset with absolute certainty is challenging.
Early detection, prevention, and management of underlying
risk factors and conditions are crucial in reducing the
likelihood of HF and its associated complications.

A biomarker-based approach would be more effective to
target since it gives precise information about HF, determines
its severity risk assessment for future events, and guides
therapeutic regimens. Several biomarkers are relevant to
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diagnosis prognosis, and even biomarker-guided therapy for
preventing and treating HF has been implicated. In addition
to the top clinical diagnosis, the most useful circulating
biomarker for HF, NP, can vary in its prognostic power based
on the HF phenotype and profile of comorbidities. Alternative
biomarkers, including galectin-3 and sST2, appear to improve
the predictive value of NPs, particularly in individuals with
increased HF risk [4]. An increasing prevalence of HFpEF and
HFmrEF has been noticed in developing and developed
countries recently compared to stabilized treatment options of
HFrEF phenotype [5]. While we could understand in more
depth the causes and treatment of HPrEF, there is a scarcity of
knowledge behind the causes of HFpEEF, triggering factors for
the transformation of HFpEF to HFrEF phenotype, and
inter-relationship between HF and various CV risk factors
make it challenging to tackle with multifactorial etiologies to
consider rather than a disease which has known targets. The
vast majority of HF remains asymptomatic in young adults,
although it can develop symptomatic in later years. Therefore,
we aim to highlight a few emerging evidence-based biomarker
strategies in HF with specific attention to its different pheno-
types established appropriately compatible with the current
definition of HF for its diagnosis and prognosis.

Inflammation and HF

Inflammation in cardiomyocytes in the context of HF has
been studied in recently published investigations. A
mechanism proposed by Mao et al. identified the role of bile
acid intermediates as a mediator of inflammation by
triggering mitochondrial damage and mtDNA release, which,
in turn, triggers type I interferon responses and AIM2
inflammasome activation, thereby contributing to HF
progression and chronic myocardial inflammation [6-8].
Metabolic derangement caused by CRAT suppression in a
failing heart led to an increase in intracellular cholesterol
catabolism through the bile acid pathway, which further links
elevated levels of bile acid synthesis and activation of the
inflammatory cascade. It is yet unclear if circulating levels of
bile acid intermediates could be used as a diagnostic for HF
assessment.

A recent study by Girerd et al. identified plasma
multiprotein biomarkers which improved incident HF
prediction in 3 large cohorts of the elderly (HOMAGE cohort
[Heart Omics and Ageing], ARIC study [Atherosclerosis Risk
in Communities], and FHS [Framingham Heart Study] when
added to NP and clinical risk factors. Proteins identified to be
linked with incident HF in all cohorts were BNP (brain
natriuretic peptide), eukaryotic translation initiation factor
4E-BP1 (4E-binding protein 1), Gal-9 (galectin-9), hepatocyte
growth factor (HGF), NT-proBNP (N-terminal pro-B-type
natriuretic peptide), THBS2 (thrombospondin-2), TGF-alpha
(transforming growth factor alpha), and U-PAR (urokinase
plasminogen activator surface receptor) [9]. Moreover, these
proteins were found to be related to inflammatory (e.g., TNF
and interleukins) and remodeling (e.g., extracellular matrix
and apoptosis) pathways, indicating the pivotal role of
inflammation in HF pathogenesis.

The Cardiovascular Heart Study (CHS) by Niezen S et al.
and group reported elevated plasma levels of ketone bodies
(3-hydroxybutyrate, acetoacetate, and acetone) at baseline
were found to be associated with incident HF and all-cause
mortality in older adults, independent of metabolic and

cardiovascular covariates [10]. Failing heart senses a shortage
of energy due to reduction in mitochondrial oxidative
capability. Altered energy metabolism from glucose to ketone
bodies in the setting of ageing could be a triggering factor in
progressively failing heart, which warranted the role of ketone
body production and consumption to be further evaluated in
the context of HE Importantly, ketone body levels were able to
predict HFrEF significantly but not HFpEE. Moreover, there is
areport that BNP induced a rise in ketone body production in
the liver for its use as an alternative fuel in failing heart [11].

Cellular signatures in HF

A more advanced view of cellular signatures in HF phenotype
can be achieved by intracellular gene expression at a single cell
level determined with spatially resolved information using
single-cell RNA-seq (scRNA-seq) with spatially resolved
transcriptomics (ST) [12]. These are the most powerful
technologies for unraveling the molecular and cellular
complexities of HF phenotypes. It enables researchers to
examine the heterogeneity of cell populations, identify
disease-specific markers, and gain a deeper understanding of
the underlying mechanisms. This information can ultimately
lead to improved diagnostics and targeted therapies for HF
patients.

A study by Dorsheimer et al. demonstrated that clonal
hematopoiesis of indeterminate potential (CHIP), attributable
to somatic mutations, is more common as people age and is
linked to inflammation and atherosclerosis. Their findings
imply that somatic mutations in hematopoietic cells,
particularly those in the two most frequently altered CHIP
driver genes, Tet methylcytosine dioxygenase 2 (TET2) and
DNA methyltransferase 3 alpha (DNMT3A), may be strongly
linked to the development and poor prognosis of chronic HF
[13]. Pascual-Figal et al. discovered in another study that
HFrEF patients frequently have somatic mutations that induce
clonal hematopoiesis and that these mutations are linked to
faster HF progression independent of ischemia or
non-ischemic cause. In individuals with mutations in either
DNMT3A or TET2, HF progression accelerated significantly
in terms of death (hazard ratio [HR]: 2.79), death or
hospitalization for HF (HR: 3.84), and HF-related death or HF
hospitalization (HR: 4.41) [14]. In an observational study,
circulating monocyte cells of patients with DNMT3A CH
driver mutations and cardiovascular disease demonstrated an
elevated expression of inflammatory genes at the single-cell
level [15]. The gene expression profiles of NK cells,
monocytes, and CD4+ T cells with DNMT3A mutations were
shown to be changed, according to a recent study by
Abplanalp et al. In monocytes, there was a greater elevation of
phagocytosis and inflammation-related genes, while in NK
and T cells, there was a greater emphasis on effector function
and activation markers. In addition, the mutant monocytes
and T cells had enhanced paracrine signaling pathways
compared to wild-type monocytes and T cells. According to
the results, HF individuals have poor prognoses because of
cell-intrinsic effects associated with DNMT3A mutations in
circulating immune cells [16].

Conserved metabolomics profiling in HF
More recently, a metabolomic study targeted the knowledge
gap on whether myocardial fuel flexibility is compromised in

case HFpEE, HFrEF in the settings of marked obesity and
diabetes [17]. HFpEF metabolite profile exhibited lower fatty
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acid metabolites compared to HFrEE, suggesting decreased
fatty acid use as a source of energy. Alternative fuel use has also
been compromised, as evident by lower levels of ketones and
metabolites of TCA and BCAA in HFpEFE This shows that
HFpEF patients with obesity and diabetes could be
discriminated from HFrEF using distinct conserved metabolic
profiling at the tissue level.

Another metabolomics study of patients with new onset
HFpEF seems to be having a varied metabolite profile when
compared to patients with new onset HFrEF in the setting of
comorbidities such as diabetes and kidney dysfunction [18].
This in turn suggests the involvement of different
pathophysiological mechanisms attributed related to the
phenotype. Key metabolites in this exploratory study were
found to be elevated in HFpEF reflecting fibrosis
(hydroxyproline), oxidative stress (symmetrical
dimethylarginine), and increased state of inflammation
(alanine, cystine, and kynurenine). Moreover, impaired cell
signalling, mitochondrial dysfunction, and impaired lipid
metabolism were also evident due to lowered levels of cGMP
and cAMP, L-carnitine, and lysoPC (18:2), respectively, in
patients with HFpEF when compared to HFrEE. Endothelial
dysfunction was also evident due to lower levels of serine and
arginine in HFpEFE.

Conclusions

The future of HF diagnosis, prognosis, and treatment methods
needs to be developed based on a single-cell multi-omics panel
that combines single-cell transcriptomics with spatial
resolution, metabolomics, and proteomics. This will provide a
more detailed picture and knowledge of heart disease processes
at the microscopic level. To address this, a more complete
identification of biomarkers informed perspective of
cardiovascular risk factors and non-cardiovascular risk
variables linked with the HF phenotype is required.
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