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EDITORIAL COMMENT

A Biomarker Approach to
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eart failure with preserved ejection fraction

(HFpEF) is the most common form of heart

failure (HF) in the community; its preva-
lence is increasing, and prognosis has not improved
and may be worsening. After HF hospitalization,
5-year survival of HFpEF is a dismal 35%, worse
than many cancers. Despite the strong public health
importance of HFpEF, our understanding of the path-
ophysiology of HFpEF is incomplete, and drug devel-
opment has proved immensely challenging. A broad
array of interventions proven to be resoundingly suc-
cessful in HF with reduced ejection fraction have now
been formally tested in numerous randomized
controlled clinical trials targeting neurohormonal in-
hibition, including angiotensin-converting enzyme
receptor beta-
adrenergic inhibitors, and mineralocorticoid receptor
antagonists; however, none have been shown to be
clearly effective in reducing mortality and other key

inhibitors, angiotensin blockers,
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clinical outcomes in HFpEF. Those disappointing
findings suggest a need for a reassessment of our pre-
sumptions regarding the pathophysiology of HFpEF
and potential therapeutic targets.

A key emerging concept is that HFpEF is actually a
systemic progressive disorder, influenced by aging,
driven partly by multiple key comorbidities, espe-
cially obesity, that induce a systemic proin-
flammatory state leading to myocardial remodeling
and dysfunction through incompletely defined
mechanisms (1). Adiposity-induced inflammation has
wide-ranging adverse effects, including endothelial
dysfunction, capillary rarefaction, and mitochondrial
dysfunction in both the cardiac and systemic beds (2).
The concept of HFpEF as a systemic syndrome is
supported by multiple lines of evidence, including: 1)
high prevalence of multiple comorbidities and their
surprisingly strong impact on outcomes; 2) failure of
cardiac factors alone to fully explain HFpEF symp-
toms and outcomes (3); 3) strong contributions of
extracardiac factors, including vascular, kidney,
skeletal muscle, and adipose tissue; and 4) typical
cardiac features of HFpEF can be produced through
perfusion of young hearts with blood from older an-
imals, and that such features can be reserved in old
heart and skeletal muscle by perfusion with blood
from young animals (4). All of this evidence implies a
metabolic and systemic origin of HFpEF.

If HFpEF is indeed a syndrome that is initiated,
promoted, and progressed via factors circulating in
systemic blood, it follows that analysis of blood-based
factors has the potential to provide badly needed in-
sights into the pathogenesis and pathophysiology of
HFpEF. Discovery of novel biomarkers may allow for:
more precise diagnosis and prevention by identifying
individuals who are at highest risk; improved prog-
nosis; identification of novel surrogate endpoints;
selection of therapeutic targets; and development
and evaluation of new therapies (5).
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In this issue of the Journal, Chirinos et al. (6)
sought to exploit this opportunity to advance our
understanding of HFpEF using an elegant and so-
phisticated approach. The investigators examined a
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large number of reasonable candidate biomarkers,
employed machine learning to interrogate the data,
and evaluated a validation cohort. The investigators
measured 49 pre-selected soluble proteins with
multiple biological roles using a multiplex assay in a
subset of the TOPCAT (Treatment of Preserved Car-
diac Function Heart Failure With an Aldosterone
Antagonist Trial) participants (n = 379) to derive
clusters of soluble proteins to potentially explain
mechanisms of action of HFpEF. Next, the in-
vestigators identified biomarkers predicted the com-
bined endpoint of all-cause death and HF-related
hospitalization using advanced statistical modeling
to develop a multimarker predictive model. This work
produced multiple valuable findings. Two large and
tightly related, dominant biomarker clusters were
identified, which included biomarkers of fibrosis/tis-
sue remodeling, inflammation, renal injury/dysfunc-
tion, and fibrosis. Multiple biomarkers predicted
incident death and HF hospitalization. A machine-
learning derived model using a combination of bio-
markers was strongly predictive of the risk of death
and HF-hospitalization (hazard ratio [HR]: 2.85; 95%
confidence interval [CI]: 2.03 to 4.02; p < 0.0001) and
markedly improved the risk prediction when added to
the MAGGIC (Meta-Analysis Global Group in Chronic
HF) risk score. The predictive model was then vali-
dated in the HFpEF portion of the Penn Heart Failure
Study, and they found similar results. Altogether, the
authors present a compelling case that unbiased
biomarker analysis has the promise of identifying
fundamental biological signals that can reflect both
clinical and subclinical pathophysiology with poten-
tial implications for early diagnosis and therapy.
Previous studies using multiplex analyses of solu-
ble proteins representing potential mechanistic do-
mains combined with network analysis, which also
identified biomarker profiles that were relatively
specific for HFpEF, were generally related to inflam-
mation and extracellular matrix remodeling.
Although the clustering is interesting, the present
data would be even more informative if there were a
comparison group of age-/sex-matched subjects
without HF. In addition, the present study focused
only on HF hospitalizations plus all-cause mortality.
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However, in community-based studies, only about
17% of rehospitalizations after an initial hospitaliza-
tion for acute HFpEF are for HF, and the majority are
for noncardiac causes (7). These non-HF hospitaliza-
tions produce a heavy burden for patients and in-
crease health care costs. Thus, future work in this
area should also examine all-cause hospitalizations,
because that better assesses the overall patient
experience in this systemic disorder.

The present study evaluating potential novel
biomarkers builds on the relatively sparse published
data regarding biomarkers and their utility in
HFpEF. Increased natriuretic peptide levels are
strongly associated with increased mortality in
HFpEF; however, in TOPCAT, there was a concep-
tually paradoxical inverse relationship between
natriuretic peptide levels and benefit from spi-
ronolactone. Tumor necrosis factor, C-reactive pro-
tein, soluble ST2, galectin-3, and pentraxin-3 are
increased in HFpEF (8-10), and TNF levels correlate
with mortality in HFpEF (8). In HFpEF patients with
elevated C-reactive protein levels indicative of sys-
temic inflammation, IL-1 blockade with anakinra
reduced systemic inflammation and improved exer-
cise capacity (11).

Given that HFpEF is a complex syndrome with
multiple pathophysiological mechanisms contrib-
uting to varying degrees within individual patients,
the use of multimarker arrays to understand patho-
physiology, classify patients into appropriate sub-
types, and identify potential individualized
treatments is inherently appealing (5). Such ap-
proaches have been limited by challenges due to lack
of specificity, complexity, multiplicity, and interpre-
tation (12). The present results from Chirinos et al. (6)
provide hope that newer, sophisticated techniques,
perhaps also including other types of biomarkers
(such as cellular, exosomal, miRNA, and bioenergetic)
will overcome these barriers and help advance our
understanding of the pathogenesis and treatment of
the large and growing population of patients with
HFpEF.
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