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Abstract: Patients with heart failure (HF) can be divided into those with heart failure and a reduced
gection fraction (HFrEF) and those with heart failure and a preserved gection fraction (HFpEF). In the
presence of compromised systolic function, appropriate signs and symptoms make it relatively easy to
set the diagnosis of heart failure. However, because of the nonspecific nature of clinical findings,
especially the symptoms of heart failure, when left ventricle (LV) systolic functions normally, the
diagnosis becomes more difficult. Efficient diagnosis and optimal therapy remain challenging in this
population. Imaging, electrocardiographic, and circulating biomarkers, as well as pharmacogenetics,
may help facilitating HF diagnosis, stratifying the risk, and individualizing the therapy. Biomarkers
reflect myocyte stress, myocyte injury, renal function, systemic inflammation and fibrosis have
contributed to better understanding the pathophysiologic mechanisms relevant to HFpEF, and may
eventually help facilitating more effective and personalized management of this syndrome. Biomarkers
include proteins, peptides, and microRNAs that can be measured in the plasma and can be shown to
represent changes in myocardial structure or function that reflect underlying pathophysiologic
processes.(1) In this article, we present the biomarkers that cause changes in hemodynamic and fibrosis
in patients with HFpEF: natriuretic peptides, markers of extracellular matrix turnover, galectin-3,

markers of renal function, cardiac troponins, ST2, growth differentiation factor (GDF-15), microRNAs.

Approximately 40 to 50 % of patients with heart
failure (HF) have a norma or nearly normal left ventricular
gection fraction (EF).(2) HF with reduced EF (HF-REF) and
HF with preserved EF (HF-PEF) are distinct entities or part of a
single spectrum which remains a matter of debate.(3,4)

Diastole is the period cardiac cycle between aortic
valve closure and mitral valve closure and is divided in four
phase: isovolumetric relaxation, early rapid ventricular filling, a
period of low filling (diastasis) and late rapid filling during atrial
contraction.

Progress in the management of HF-PEF has been
thwarted by limited understanding of the relevant
pathophysiologic mechanisms. The majority of patients with
HF-PEF exhibit abnormalities of active myocardial relaxation
and passive ventricular stiffness that contribute to abnormal
ventricular filling in diastole.

Isolated diastolic dysfunction is the impairment of
isovolumetric ventricular relaxation and decreased compliance
of the left ventricle. With diastolic dysfunction, the heart is able
to meet the body’s metabolic needs, whether at rest or during
exercise, but at a higher filling pressure. Transmission of higher
end-diastolic pressure to the pulmonary circulation may cause
pulmonary congestion, which leads to dyspnea and subsequent
right heart failure. In severe cases, the ventricle becomes so stiff
that the atriadl muscle fails and end diastolic volume cannot be
normalized with elevated filling pressure. This process reduces
stroke volume and cardiac output causing effort intolerance.(5)

Hypertension and cardiac ischemia are the most

common causes of HFEFp.(6) Concentric remodelling and
hypertrophy of the ventricle as well as progressive myocardial
fibrosis, particularly in patients with longstanding hypertension,
are a hallmark of the disease and may be the key substrate for
myocardial dysfunction in systole and diastole.(7)

In the context of the phenotypic and pathophysiologic
abnormalities that have been observed, several circulating
biomarkers may be relevant to the diagnosis, risk stratification,
and treatment of HFEFp, including circulating neurohormones,
markers of fibrosis and collagen turnover, and markers of
inflammation.

Natriuretic Peptides

The best characterized biomarkers in patients with
HFpEF are the natriuretic peptides: B-type natriuretic peptide
(BNP) and N-terminal pro-BNP (NT-proBNP).(8-9)

Circulating levels of these proteins are elevated in
patients with HFpEF as compared to subjects without HF, but
are lower than levels seen in patients with HFrEF. In patients
with HFpEF, increased BNP is directly related to increased left
ventricular (LV) diastolic filling pressure and end diastolic wall
stress.(10) Because HFpEF patients have a smaller LV cavity
and thicker LV walls, their end diastolic wall stress is much
lower than in HFrEF, even in the setting of high diastolic
pressures, thus, producing alower stimulus for BNP production.
In addition, other factors, independent of |eft ventricle diastolic
pressure (LVDP) and diastolic stress also affect BNP levels in
HFpEF patients. For any given LVDP in HFpEF patients, BNP
levels are lower in obese patients and higher in women, older
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patients, and patients with concomitant pulmonary disease
(chronic  obstructive  disease, pulmonary  hypertension,
pulmonary embolus) and renal dysfunction. In addition, studies
using implantable hemodynamic monitors (IHM) in patients
with HFpEF have demonstrated that LVDP is increased even
when HFpEF patients are considered compensate.(11)

Like LVDP, BNP and NT-proBNP have become
critica components of the diagnostic criteria for HFpEF
proposed in HF guidelines.(12)

Van Veldhuisen et al. (5) examined the impact of
LVEF on the prognostic merits of BNP in the COACH
(Coordinating Study Evaluating Outcomes of Advising and
Counseling in Heart Failure). The investigators found BNP
levels were lower in HFpEF, but for a given BNP concentration,
prognosis of those with HFpEF in COACH was just as poor as
those with HFrEF, so a high BNP in a patient with HFpEF
imparted similar prognostic information as it would in someone
with HFrEF.(8)

The investigators rightfully consider how the results of
this and the other studies showing prognostic merit of BNP or
NT-proBNP in HFpEF might be harnessed for the betterment of
patient care. This is of great importance, as we sadly do not yet
have therapies that clearly benefit those with the clinica
diagnosis of HFpEF. This may be because HF itsdf is a
syndrome, not a specific diagnosis, and patients with HFpEF are
a mixed bag of clinica and risk phenotypes, vastly more
heterogeneous than are those with HFrEF.(13)

Trial PEP-CHF (Perindopril in Elderly People with
Chronic Heart Failure) trial, only those HFpEF patients with
elevated NT-proBNP concentrations showed potential benefit
from alocation to  angiotensin-converting  enzyme
inhibition.(13) On the other hand, Anand et al. (7) reported that
among those treated in the I-PRESERVE (Irbesartan in Heart
Failure With Preserved Ejection Fraction) study, only those
with lower BNP values demonstrated benefit from angiotensin
receptor blockade.(13)

In both trials, however, natriuretic peptides strongly
predicted risk.(13)

It is hard to reconcile these divergent findings and it is
very clearly, more data are needed to define this syndrome and
the approach will be much more complex than using a single
biomarker such as BNP to clarify care. To this extent, it is most
likely to individualy phenotype patients with HFpEF will
involve a spectrum of tools, including clinical variables, blood
testing, imaging, and hemodynamic factors, al integrated to
inform specific aspects about the individual, and lead to better
care.(13)

Biomarkers are only part of the spectrum of exams
that contribute to the understanding of this pathology.

Markersof Extracellular Matrix Turnover

The myocardial extracellular matrix (ECM) plays a
critical role in cardiac architecture and function.(14) The ECM
is made of several components, including collagen. Collagen
types | and Il constitute the majority of the myocardial
collagen. ECM balance is regulated by complex interactions
between metalloproteinases (MMPs), which degrade collagen
and other ECM components, and specific tissue inhibitors of
MMPs (TIMPs).(14) Furthermore, the normal balance of
collagen synthesis and degradation is atered by several factors,
including LV  pressures, myocardial ischemia and
neurochormonal activation.(15-16) Cardiac collagen
accumulation as a conseguence of dysregulated collagen
turnover may be an important mechanism for the progressive
abnormalities of diastolic function that characterize HF-
PEF.(17-18) Thus, measurement of circulating levels of
biomarkers of collagen synthesis (e.g. procollagen type |

carboxy terminal peptide (PICP) and procollagen type IlI
amino-terminal propeptide (PI1INP)).(19,20,21) and degradation
(eg. carboxy-terminal telopeptide of collagen type |
(CITP)).(22,23,24) MMPs and TIMPs may be a method for
quantitating collagen turnover in HF-PEF, with implications for
assessing disease severity, prognosis, and response to treatment.

Many smadl studies have demonstrated higher
concentrations of PICP, PIIINP, and CITP in patients with HF-
PEF compared to controls. Concentrations of these biomarkers
were correlated with the degree of diastolic dysfunction,
supporting the concept that increases in collagen synthesis and
turnover contribute to the development of HF-PEF.(19,20)
Regarding the prognostic value of ECM biomarkers in
HFPEF,data are extremely limited and will require investigation
in larger populations.

In a substudy of I-PRESERVE (n =334) (25), baseline
levels of PIIINP were associated with the risk of al-cause
mortality, as well as of HF death or hospitalization on univariate
analysis.

Study of the RALES tria, which investigated the
impact of spironolactone in patients with severe HF-REF,
patients with higher concentrations of PI1INP appeared to derive
the greatest benefit from spironolactone. These results suggest
that PIIINP levels could potentially be integrated in the
application of personalized research for the wuse of
mineral oreceptor antagonists in HF.(26)

Galectin-3

Beyond markers of collagen turnover, other
biomarkers may be relevant to the biology of myocardial
fibrosis and progression of HFEFp. Galectin-3 isa31 kD lectin
binds to beta-galactosidase that is involved in numerous
pathological processes, including inflammation, tumour growth
and fibrosis. Increased Galectin-3 expression induces cardiac
fibroblasts to proliferate and deposit type | collagen contributing
to cardiac fibrosis and adverse remodelling.(27) Accordingly,
levels of galectin- 3 anticipate the development of HF (28) and
are increased in proportion to disease severity in patients with
established HF. Recent data suggests that aldosterone induced
vascular fibrosis may be mediated in part through galectin-3
suggesting its potential as a therapeutic target.(29) Amongst
patients with HFEFr levels of galectin-3 appear to correlate with
the risk for cardiovascular events, but may not add prognostic
value to established markers such as natriuretic peptides.(30)
However, in a cohort of 592 patients recently hospitalized for
HF, gaectin-3 levels did appear to provide incremental
information regarding prognosis for the population with HFEFp
(more so than in HFEFT), suggesting particular relevance of this
biomarker in this population.(31)

Markersof Renal Function

Chronic Kidney Disease (CKD) is common in patients
with HF and is an independent risk factor for cardiovascular
morbidity and mortality.(32-33) The level of kidney function is
commonly assessed by measurement of serum creatinine and
estimated glomerular filtration rate (eGFR) (in ml/min/1.73 m2),
but other markers such as cystatin C and urine protein may
provide incremental information regarding CKD severity and
prognosis. Even moderate degrees of rena dysfunction
independently predict mortality in HF, whether EF is reduced or
preserved.(32,34,35)

Cystatin C and urinary protein levels, may provide
prognostic information beyond eGFR in patients with HFEFp.
Both of these markers were important correlates of the risk of
developing HFEFp in the epidemiologic cohorts of the
PREVEND study (36) and in the Cardiovascular Health
Study.(37) In acutely decompensated HF, a study (38) showed
that Cystatin C levels were elevated above the reference range in
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both HFEFr and HFEFp.

In one observational study of 218 patients with
HFEFp (39), cystatin C levels>2.06 mg/L were associated with
higher incidence of all-cause mortality , and this renal biomarker
outperformed others, including eGFR and creatinine, with
regard to risk prediction.

In the CHARM trials urinary abumin to creatinine
ratio (UACR) was measured to 2310 patients (40); nearly one-
third of patients without diabetes or hypertension had
microa buminuria or macroalbuminuria, with similar prevalence
noted in those with HFEFp and HFEFr. Elevated UACR was
associated with increased risk of death from cardiovascular
causes or frequent rehospitalisation with worsening heart failure,
even after adjustment for other prognostic variables, including
rena function, diabetes and hemoglobin Alc. Mechanisms
leading to increased albumin excretion in HF may involve a
combination of rena venous congestion and reduced rena blood
flow.(40). Cystatin C and urinary protein or albumin levels
could be used to anticipate the development of HF-PEF and
performing better than the currently used markers, such as eGFR
and creatinine.(41)

Cardiac Troponins

With current high-sensitivity assays, circulating
cardiac troponins are increasingly detectable in patients with
HFEFr in proportion to HF severity. In the Valsartan in Heart
Failure Tria (Va-HeFT), 10.4 % of subjects had detectable
troponin T with a fourth generation clinical assay (detection
limit 0.01 ng/mL); however, this proportion increased to 92 %
when a high-sensitivity assay (detection limit 0.001 ng/mL) was
used.(42) Although the pathophysiology of troponin release in
HF remains uncertain, severa factors, including subendocardial
ischemia and myocyte necrosis, cardiomyocyte damage from
inflammatory cytokines or oxidative stress, apoptosis, and
leskage of troponin from the cytosolic pool due to increased
membrane permeability, have been invoked.(43) Whatever the
mechanism, the degree of troponin elevation appears to be a
powerful predictor of mortality and cardiovascular events in
both ambulatory and acutely decompensated patients with
chronic HFEFr, even after adjustment traditional biomarkers
including natriuretic peptides.(42,44,45) Limited data are
available regarding the prognostic significance of troponin T
elevations in the ambulatory population with HFEFp, though
levels do appear to be elevated to an extent comparable to that
seen in HFEFr.(46)

ST2

ST2 is atrans-membrane receptor belonging to the IL-
1 receptor family that regulates inflammation and immunity.(41)
The receptor has two isoform: a transmembrane bound form and
a soluble circulating form sST2, wich lacks the intracellular and
transmembrane. The soluble unbound isoform binds and
removes IL-33 from the circulation, thus potentially promoting
adverse remodeling and fibrosis. sST2 is a secreted decoy
receptor that disrupts the binding of IL-33 with the full-length
ST2 receptor, promoting cardiac hypertrophy, fibrosis, and
ventricular dysfunction (41). In both patients postmyocardial
infarction (41) and those with HF and reduced EF (41), serum
levels of soluble ST2 are independently associated with
mortality and disease progression and provide incremental
prognostic value over NT-proBNP.(41) Limited datais available
regarding the prognostic importance of soluble ST2 in the
population with HFEFp. Amongst patients with acute
decompensated HF, levels of ST2 appear to be lower in those
with HFEFp than HFEFr, but are similarly associated with the
risk of mortality at 1 year even after adjustment for natriuretic
peptide levels (41) and ST2 may be a particularly relevant
marker of disease progression.

GDF-15

Growth differentiation factor 15 (GDF-15) is a protein
a member of the transforming growth factor-p cytokine
superfamily, is increased in response to inflammation, pressure
overload chronic and tissue injury, much like levels of
natriuretic peptides.(41) Dates suggests that GDF-15 is a
powerful marker of cardiometabolic risk in patients with stable
and unstable coronary artery disease.(41) Increased circulating
levels of GDF-15 are associated with an increased risk of
developing HF in apparently healthy elderly individuals from
the community.(41) In a cohort of 455 patients with chronic
HFEFr, levels of GDF-15 were elevated in relationship to
disease severity as measured by NYHA functional classand NT-
proBNP levels, and were independently associated with
prognosis.(41) Levels of GDF-15 appear to rise with time in
chronic HFEFr and are not attenuated by treatment with
Valsartan.(41) Increased levels of GDF-15 in association with
age, diabetes, and CKD, as well as differences in GDF-15 and
BNP in patients with HFEFr compared to HFEFp, suggest that
GDF-15 may have a particular importance in diagnosis and
prognostic for HFEFp.(46)

MicroRNAs

In addition to protein and peptide biomarkers, a
number of plasma microRNAs (miRs) were examined in these
patient groups; miRs are products of non-coding genes that act
to repress protein translation. These miRs have been associated
with inhibition of myocardia fibrosis and have not yet been
applied as diagnostic or prognostic biomarkers in patients with
HFEFp.(7)

Conclusions:

Biomarkers have helped improve current knowledge
of pathophysiologica mechanisms involved in HF-PEF and
increasing data developing to support the role of selected
markers for risk prediction in this population. Of the biomarkers
available for routine clinical use, natriuretic peptides are the
most extensively studied, and may facilitate both diagnosis and
risk dtratification in the population with HF-PEF. Markers of
rena function including eGFR, Cystatin C and urinary protein
provide incremental information regarding risk, and may
identify a contribution of CKD to HF progression in those with
preserved EF. Emerging markers of collagen turnover
(particularly  PIIINP and CITP), fibrosis (gaectin-3),
inflammation (GDF-15), cardiomyocyte stress (ST2), and
damage (troponins) may provide incremental information about
the specific pathophysiologic factors contributing to disease
progression. Remains to be determined if these additional
biomarkers in isolation or in combination with established
markers such as natriuretic peptides is shows the benefit cost-
effective or provides guidance regarding specific treatments for
HF-PEF. Perhaps with additiona study, measurement of these
and other novel biomarkers may help to further refine clinical
diagnosis and more effective therapy.(41)
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