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This article refers to ‘Risk of bias in studies investigating
novel diagnostic biomarkers for heart failure with pre-
served ejection fraction. A systematic review’ by M.T.H.M.
Henkens et al., published in this issue on pages 1586–1597.

Over the past three decades, the prevalence of heart failure (HF)
with preserved ejection fraction (HFpEF) has risen from 41% to
56% of all cases of HF, while the prevalence of HF with reduced
ejection fraction (HFrEF) and HF with mid-range ejection fraction
has fallen from 44% to 31% and from 15% to 13%, respectively.1,2

Since the burden of HFpEF is growing, defining a standardized diag-
nostic approach to this condition becomes increasingly important.3

Overt congestion in hospitalized patients can usually be readily
detected from physical examination, chest X-ray, and measure-
ment of B-type natriuretic peptides (NPs), whereas the diagnosis
of HFpEF may be challenging in outpatients complaining of dys-
pnoea on effort, and relies largely on demonstration of elevated
pulmonary pressures.3,4 Invasive haemodynamic exercise testing
(right heart catheterization with measurement of pulmonary cap-
illary wedge pressure at rest or during exercise) has emerged as
the gold standard to diagnose or exclude HFpEF in patients with
exertional dyspnoea of unclear aetiology, but cost, risk, and the
requirement for specialized training and equipment may limit its
broad application in practice and in clinical trials, while exercise
echocardiography cannot be proposed as a stand-alone diagnos-
tic examination for HFpEF.4 The search for non-invasive alterna-
tives for the diagnosis of HFpEF has led to the introduction of
the stepwise diagnostic algorithm by the European Society of Car-
diology Heart Failure Association (HFA-PEFF),5 and the H2FPEF
score derived from dichotomized variables or the HFpEF nomo-
gram derived from continuous variables.6 These systems are able
to discriminate non-cardiac dyspnoea from HFpEF with a high
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.. diagnostic accuracy.5–7 Briefly, the HFA-PEFF score adopts a step-

wise approach that starts by establishing the pre-test likelihood of
HFpEF through the assessment of risk factors and exercise intoler-
ance. The score then incorporates three domains (functional, mor-
phological, and biomarkers) to estimate the likelihood of HFpEF. A
high-likelihood score is considered diagnostic for HFpEF, while a
low-likelihood score allows to rule out HFpEF. For patients with
an intermediate score, further evaluation by means of exercise
echocardiography or invasive measurement of cardiac filling pres-
sures is advised, together with additional diagnostic test to evaluate
specific causes when appropriate.5 A high HFA-PEFF score allows
to diagnose HFpEF with 93% specificity, and a low HFA-PEFF score
to rule out HFpEF with 99% sensitivity. Moreover, a similar pattern
of HFA-PEFF score was found in two independent cohorts despite
different patient characteristics, diagnosing >60% of HFpEF patients
in the high-likelihood category, although a rather large group of
patients with an intermediate likelihood requiring additional test-
ing remained.7 The H2FPEF score includes obesity, atrial fibrillation,
age > 60 years, treatment with ≥2 antihypertensives, E/e′ ratio > 9,
and pulmonary artery systolic pressure > 35 mmHg, and ranges
from 0 to 9. The odds of having HFpEF increased by a factor of
two for every one-unit increase in the score, and the score allowed
good discrimination of HFpEF from controls.6 The same Authors
proposed also the HFpEF nomogram derived from the same items,
reported as continuous variables.6

Beyond NPs, several biomarkers have been evaluated as possible
tools to diagnose HFpEF. Among them, there are several molecules
reflecting the processes of inflammation and fibrosis (most notably
galectin-3 and soluble suppression of tumorigenesis-2), extracellu-
lar matrix remodelling (such as matrix metalloproteinases 2 and 9,
carboxy-terminal telopeptide of collagen type I and aminotermi-
nal propeptide of type III procollagen), elevated ventricular wall
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tension (adrenomedullin), and a vast array of other biomarkers
including growth differentiation factor-15, cystatin C, resistin,
cancer antigen-125 and von Willebrand factor.8 Many studies have
been conducted with the challenging goals of establishing the
diagnostic performance of these biomarkers. In this issue of the
Journal, this body of literature is critically reappraised, stressing
methodological issues that could affect the reliability of their
conclusions.

Henkens et al.9 performed a systematic review of studies evaluat-
ing the risk of bias (ROB) in 28 studies assessing the performance of
circulating biomarkers for the diagnosis of HFpEF in the non-acute
setting. The ROB was evaluated across the four domains of a dedi-
cated tool for the quality assessment of diagnostic accuracy studies
(the QUADAS-2 tool): patient selection, index test, reference stan-
dard, and flow and timing. The Authors report that all studies pre-
sented at least one domain with a high ROB, and 39% of studies had
a high ROB within all four domains. The most common issues were
the use of a case-control or two-gated design, the exclusion of
difficult-to-diagnose patients, the absence of a pre-specified cut-off
value for the index test with the lack of external validation, the use
of inappropriate reference standards, and the unclear timing of the
index test and/or reference standards. Because of these method-
ological issues, and, even more importantly, of the high degree of
heterogeneity across trials, a comprehensive assessment of trial
results was not performed.9

This article has been authored by leading experts in HFpEF, who
tried to clarify the problems of studies investigating novel diagnostic
biomarkers. It is interesting to notice that all studies had an
intermediate or high ROB regarding the reference standard, given
that HFpEF was diagnosed based on signs/symptoms of HF with left
ventricular ejection fraction ≥40–50% and structural/functional
abnormalities indicative of left ventricular diastolic dysfunction, or
other reference standards.9 This result confirms the limited use of
right heart catheterization also in research settings, thus making the
case for the use of the HFA-PEFF and H2FPEF scores as reasonable
alternatives to this gold standard to make the diagnosis of HFpEF,
even while their validation against right heart catheterization is still
pending.5–7 Under this light, future studies on potential diagnostic
biomarkers of HFpEF should assess if these biomarkers have a
similar diagnostic accuracy than existing diagnostic scores, and if
they improve discrimination (i.e. the area under the curve values)
when added to these scores. A head-to-head comparison of the
two scores would be important to clarify if either of them can be
used, or one of them should be preferred because of its greater
accuracy.

It is interesting to consider that the 28 studies included in the
Henkens et al. evaluated around 40 single biomarkers as well as
‘miscellaneous miRNAs’, ‘metabolites’ and ‘proteins’.9 In other
words, a wide array of biomarkers was evaluated in studies with
small sample sizes (down to 32 subjects, with a median number
of just 154 subjects), and all the other methodological issues high-
lighted in the paper.9 Therefore, there is an urgent need to improve
methodological quality of studies searching for diagnostic biomark- ..
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.. ers of HFpEF. The Authors should be congratulated for pointing

out some of the most crucial issues that must be considered when
designing similar studies. They should have preferably a prospective
design, should enrol consecutive patients referred for exertional
dyspnoea of unclear aetiology (using clear but not too stringent
inclusion and exclusion criteria to avoid a selection bias), and be
large enough to capture the phenotypic heterogeneity and comor-
bidity burden of HFpEF and to enable meaningful subgroup analyses,
possibly by means of international collaborative studies. As cor-
rectly pointed out by the Authors, biomarkers should be ‘measured
at the same moment as the HFpEF diagnosis is made and before
any intervention occurs’, to avoid the confounding effect of medi-
cations such as diuretics.9 When right heart catheterization cannot
be systematically performed, one of the two validated scores (the
HFA-PEFF and H2FPEF scores) can represent an acceptable alter-
native as the reference standard to diagnose HFpEF. NP levels were
included in the HFA-PEFF but not in the H2FPEF score. The diag-
nostic role of NPs in HFpEF deserves further consideration, and
NP measurement could provide a link between diagnosis and the
following steps of characterization of patient phenotype and risk
prediction, which are all crucial to define a tailored therapeutic
approach to HFpEF.
Conflict of interest: none declared.
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