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Aim Diagnosing heart failure with preserved ejection fraction (HFpEF) in the non-acute setting remains challenging.
Natriuretic peptides have limited value for this purpose, and a multitude of studies investigating novel diagnostic
circulating biomarkers have not resulted in their implementation. This review aims to provide an overview of studies
investigating novel circulating biomarkers for the diagnosis of HFpEF and determine their risk of bias (ROB).
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Methods
and results

A systematic literature search for studies investigating novel diagnostic HFpEF circulating biomarkers in humans
was performed up until 21 April 2020. Those without diagnostic performance measures reported, or performed
in an acute heart failure population were excluded, leading to a total of 28 studies. For each study, four reviewers
determined the ROB within the QUADAS-2 domains: patient selection, index test, reference standard, and flow
and timing. At least one domain with a high ROB was present in all studies. Use of case-control/two-gated designs,
exclusion of difficult-to-diagnose patients, absence of a pre-specified cut-off value for the index test without the
performance of external validation, the use of inappropriate reference standards and unclear timing of the index test
and/or reference standard were the main bias determinants. Due to the high ROB and different patient populations,
no meta-analysis was performed.
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Conclusion The majority of current diagnostic HFpEF biomarker studies have a high ROB, reducing the reproducibility and
the potential for clinical care. Methodological well-designed studies with a uniform reference diagnosis are urgently
needed to determine the incremental value of circulating biomarkers for the diagnosis of HFpEF.
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Introduction
Heart failure with preserved ejection fraction (HFpEF) is a clinical
syndrome that is associated with high mortality rates, poor quality
of life and significant healthcare resource utilization.1,2 Currently,
more than 5% of the elderly (>65 years of age) suffer from this
debilitating syndrome.1,2 The prevalence is expected to rise even
further in the upcoming years, due to the ageing population and
the growing occurrence of other HFpEF risk factors.1,2

Unfortunately, diagnosing HFpEF in the non-acute setting
remains challenging. Natriuretic peptides (NPs) have limited
diagnostic value for this purpose, which is mainly due to the
high prevalence of conditions within this syndrome that can lead
to higher [e.g. atrial fibrillation (AF), hypertension, pulmonary
diseases, renal function disorders] and lower (e.g. obesity) cir-
culating NP levels.3–11 Moreover, 18% to 30% of patients with
haemodynamically proven HFpEF have NP levels below ‘diagnostic’
threshold.12–14

The limited diagnostic accuracy of NPs, and the concept that
other circulating biomarkers could help to diagnose this complex
syndrome on a molecular level, has resulted in a multitude of stud-
ies investigating novel diagnostic HFpEF biomarkers.3,15 Remark-
ably, none of the suggested circulating biomarkers have been imple-
mented in the HFpEF clinics. The heterogeneous and systemic
nature of the syndrome could contribute to their lack of success,11

but a comprehensive overview of the literature on this topic is
absent. We therefore aimed to provide an overview of studies
investigating the diagnostic value of novel biomarkers for non-acute
HFpEF and determine their risk of bias (ROB).

Methods
A systematic literature search—based on the PRISMA-DTA
statement16 —of PubMed and EMBASE was performed to find
diagnostic papers within the field of HFpEF from its inception until
21 April 2020. A broad search (online supplementary Appendix S1)
was used for a set of systematic reviews and a meta-analysis for
the (early) detection of left ventricular diastolic dysfunction (LVDD)
and/or HFpEF. The search strategy and the protocol can be found on
PROSPERO (CRD42018065018). Studies that reported the diagnostic
value of novel circulating biomarkers for the detection of chronic
HFpEF were included in this study.

Study selection
Four reviewers (SR, MLH, AB and JB) screened the titles and abstracts
independently. Studies were included if they: (i) reported a diagnostic
performance measure (e.g. area under the receiver operating curve, ..
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value) of a novel circulating biomarker for the diagnosis of HFpEF in
humans as main or sub-analysis; and (ii) were written in English. Studies
were excluded if they: (i) studied the diagnostic value of a biomarker
in acute heart failure; (ii) only studied the diagnostic value of NPs; (iii)
studied the diagnostic value within a rare patient population (e.g. beta
thalassemia); or (iv) were a (systematic) review, meta-analysis, editorial,
or conference abstract.

Data extraction
The following data were extracted for each study: publication details
(first author, year of publication), study characteristics (patient popula-
tion description, exclusion criteria), used reference standard, and the
biomarker(s) studied (index test).

Risk of bias assessment
The methodological quality of the full-text articles was indepen-
dently evaluated by four reviewers (SR, ER, RV, MH) by utilising the
QUADAS-2 tool.17 This tool was used to determine the ROB within
four domains: patient selection, index test, reference standard, and
flow and timing. Based on the information provided in the included
studies, the ROB was rated low, intermediate, or high for these
domains separately.

For the reference standard domain the ROB was rated low if
(exercise) right-sided heart catheterisation was used for the diagno-
sis of HFpEF, intermediate if signs/symptoms of heart failure with left
ventricular ejection fraction≥ 40–50% and structural/functional abnor-
malities indicative of LVDD was used,10,18–21 and high for all other
reference standards. Within the remaining domains the ROB was
rated low, intermediate or high when respectively all, two, and one
or none of the supporting questions (online supplementary Table S1;
three pre-defined questions per domain) were answered in a posi-
tive manner. However, certain study characteristics—no avoidance of
case-control/two-gated designs, or unclear/inappropriate timing for the
index test and/or reference standard—would immediately lead to a
high ROB for the respective domain. Inconsistencies in quality assess-
ment between the four reviewers were resolved by discussion until
consensus was reached.

Results
Search results
A total of 20 757 studies were derived from the extensive liter-
ature search. A total of 28 studies were deemed eligible for this
review (online supplementary Figure S1). The 28 selected studies
included a wide range of potential novel diagnostic HFpEF circulat-
ing biomarkers (Table 1).22–49
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.. Quality assessment

All papers had at least one domain with a high ROB, and 11 papers
(39%) showed a high ROB within all four domains (online supple-
mentary Table S2). Main reasons for bias within the QUADAS-2
domains of each individual article are shown in online supplemen-
tary Table S3.

The ROB within the patient selection domain was high in 24 out
of 28 studies (86%; Figure 1). This was mainly driven by the use of
case-control/two-gated designs. Additionally, in 13 studies inappro-
priate exclusion criteria were not avoided (online supplementary
Tables S3 and S4). This was often the result of excluding difficult
to diagnose patients—e.g. patients with AF, obesity, and/or pul-
monary diseases—or by excluding patient conditions which could
possibly influence the outcome of the index test (e.g. kidney func-
tion disorders). Only nine studies (32%) did not use a case-control
design, in only two of these studies inappropriate exclusion criteria
were avoided (online supplementary Table S3).

Even though the index tests of all studies were classified as
objective, the ROB for the index test domain was rated high in
26 out of 28 studies (93%; Figure 1). This was caused by the fact
that most studies did not use pre-specified cut-off values and did
not perform any external validation. Only one article provided
information about the sensitivity and specificity of a pre-specified
cut-off value for the index test studied,23 and one article performed
validation of their findings in an external cohort.45

All studies suffered from an intermediate or high ROB within
the reference standard domain, being rated as intermediate/high in
14 out of 28 studies (50%; Figure 1). Different reference standards
(and definitions of LVDD) were used, and none of the studies
performed (exercise) right-sided heart catheterisation in all study
subjects (Table 1).

A total of 27 out of 28 studies (96%; Figure 1) scored a high ROB
within the flow and timing domain. In all these studies this was
caused by the fact that the exact timing of the index test and/or
reference standard was unclear (online supplementary Table S3).

Given the high ROB, combined with limited overlap in inves-
tigated biomarkers and different statistical methods used, no
areas under the receiver operating curve were reported and no
meta-analysis was performed.

Discussion
This is the first study that provides a comprehensive overview
of studies that included diagnostic evaluation of novel circulating
biomarkers for the detection of HFpEF. All included studies in
this review contributed to our current level of knowledge of
this complex syndrome. However, this systematic review exposes
multiple study limitations that together limit our ability to evaluate
the true diagnostic value of circulating biomarkers. The main
limitations that we found were: (i) use of case-control/two-gated
designs; (ii) exclusion of a relevant/representative subset of the true
HFpEF population; (iii) use of optimal rather than pre-specified
cut-off points for the index test without the performance of
external validation; (iv) inadequate and highly variable reference
standards, none including the true gold standard; and (v) unknown

© 2020 The Authors. European Journal of Heart Failure published by John Wiley & Sons Ltd on behalf of European Society of Cardiology.
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Figure 1 Percentage of studies with low, intermediate or high risk of bias within the four QUADAS-2 domains (patient selection, index test,
reference standard, flow and timing) and the main reasons for a high risk of bias within these domains.

timing of the index and/or reference standard. The overall high
ROB might play an important role in the limited uptake of these
biomarkers in the HFpEF clinics and calls for methodologically
well-designed studies.50,51

Patient selection
Most studies determined the diagnostic value of the biomarkers in
cases with known HFpEF compared to (healthy) controls. During
the early stages of novel biomarker discovery, these designs with
contrasting populations can be useful to screen whether novel
biomarkers might be of any interest for future analysis.52 Such
studies may also reveal mechanistic insights into the syndrome.
However, for diagnostic utility these designs induce spectrum
bias, which overestimates the diagnostic value of the investigated
biomarker(s).52–55

Additionally, extensive exclusion criteria including AF, pul-
monary diseases, or even chronic kidney function disorders were
often used, which are all highly prevalent comorbid conditions
in HFpEF.56–58 For example, over 50% of HFpEF patients have
AF.59–61 Excluding these patients introduces selection bias that
could result in a serious misinterpretation of the diagnostic value
and reduce external validity of these biomarkers in unselected
HFpEF populations.52,54,62

Index test
The use of optimal cut-off values for the index test without per-
forming external validation within the majority of previous studies ..
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. will have resulted in an overestimation of the diagnostic per-

formance of the biomarkers examined.63 Moreover, a biomarker
should have incremental value on top of easy to determine
characteristics—e.g. age, sex and body mass index—to really yield
potential for clinical use. While this was not part of the ROB
assessment within this study, it will partially explain the lack of the
implementation of novel diagnostic HFpEF biomarkers.

Reference standard
Test accuracy of a novel biomarker is based on the concept that
every inconsistency between the index test and reference stan-
dard is due to an incorrect index test.17,51 Since different ref-
erence standards will significantly alter the prevalence of cases
within the cohort of interest—as already shown within the field
of LVDD64 —this will significantly affect the diagnostic value of
the biomarker(s) studied. None of the included studies used
(exercise) right-sided heart catheterisation—the real gold stan-
dard for HFpEF—as uniform reference standard. Studies validating
the biomarker value against this gold standard are urgently needed.

Recognising the challenges of widespread implementation of
gold standard invasive haemodynamic testing, we also examined
the use of guideline-recommended reference standards that were
published at the moment of publication for the diagnosis of heart
failure with normal ejection fraction since 200718 or HFpEF since
2016,19 and found that most studies did not apply these. Also,
these reference standards were not in line with the recently
published H2FPEF59 or HFA-PEFF scores.10 Nonetheless, even

© 2020 The Authors. European Journal of Heart Failure published by John Wiley & Sons Ltd on behalf of European Society of Cardiology.



Risk of bias in studies investigating novel diagnostic HFpEF biomarkers 1595

the recommended reference standards and risk scores differ
significantly in included diagnostic criteria, used cut-off values and
the role comorbidities play within these standards, highlighting the
uncertainty of diagnosing HFpEF.

Flow and timing
Most studies did not provide (detailed) information regarding
the timing of the index test and the reference standard. This
lack of information is regrettable given that biomarker levels
will likely change over time. Moreover, it is highly likely that
diuretics are prescribed and/or dosage were changed in patients
with signs of congestion. Diuretics will reduce filling pressure and
very likely influence the concentration of the circulating biomarker
measured. It has already been shown that diuretics affect the
urinary proteome in rats,65 and the pleural protein concentration
in patients with congestive heart failure.66 In the latter also an
increase in total serum protein content after the administration
of diuretics was observed.66 Therefore, it is highly desirable that
the circulating biomarkers are measured at the same moment as
the HFpEF diagnosis is made and before any intervention occurs.

Phenotype specific biomarkers
The question remains to which extent the absence of novel diag-
nostic HFpEF biomarkers is due to the real lack of diagnostic value
of these biomarkers, vs. the heterogeneity of the syndrome itself.
In contrast to HFpEF, heart failure with reduced ejection frac-
tion, characterised by cardiomyocyte loss and ventricular dilata-
tion, is diagnostically well-captured by natriuretic peptides that
increase in response to wall stress and by troponins indicating car-
diomyocyte injury.3 In the more heterogeneous HFpEF syndrome,
biomarkers likely reflect less well the complex, mainly non-cardiac
multi-organ nature of the syndrome.11,56 Therefore, biomarkers
reflecting more general pathophysiological processes like inflam-
mation (growth differentiation factor-15), fibrosis (soluble ST2,
galectin-3), and metabolic dysfunction (insulin-like growth factor
binding protein-7) could have potential; moreover, the search for
one single biomarker may not be sufficient.11 An approach with
multiple biomarkers in methodologically well-designed studies may
be more appropriate and successful.11,50,51 One may postulate if
it will ever be possible to find a single diagnostic test or panel
of biomarkers with adequate diagnostic value for the entire syn-
drome, and perhaps the optimal approach may be to use specific
biomarkers to diagnose distinct subtypes of HFpEF, which could
eventually also lead to a more tailored therapy.67–70

Future perspectives
There is an urgent need for prospective studies to validate the diag-
nostic value of the HFA-PEFF score against gold standard invasive
exercise haemodynamic testing in unselected symptomatic patients
with suspected HFpEF.10 The inclusion of blood biomarker testing
in such a study will enable the evaluation of the possible role of
novel biomarkers in the HFA-PEFF algorithm on top of NPs and ..
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.. echocardiographic biomarkers. Possibilities that warrant investiga-
tion include implementation of biomarker testing in step 1 (pre-test
assessment) or step 2 (diagnostic work-up) of the HFA-PEFF algo-
rithm. Furthermore, promising novel biomarkers may be assessed
as potential alternatives to NPs. NP levels should not be used as a
selection criterium in these studies since 18% to 30% of patients
with haemodynamically proven HFpEF have NP levels below ‘diag-
nostic’ threshold.12–14 Such studies will require close collaboration
between basic scientists, clinicians, epidemiologists, industry, and
(federal) sponsors.50,51

Study limitations
Although all papers were reviewed and discussed by our interdis-
ciplinary team until consensus was reached, the ROB classifica-
tions are based on the information provided in the studies, the
pre-defined risk of bias criteria, as well as on the interpretation of
the reviewers themselves. Therefore, it is possible that analysis of
the studies by another group of reviewers results in another level of
bias within certain domains of studies. However, we defined clear
roles and results are rather uniform and unambiguous, making it
highly unlikely that the main conclusion would differ significantly.
Our review did not aim for a head to head comparison between
these studies, and therefore should not be used for this purpose.

To the best of our knowledge, this review includes all current
novel diagnostic circulating biomarker studies to detect chronic
HFpEF. However, given the extent of the search performed, it
cannot be completely excluded that studies were missed if diag-
nostic performance measures were not mentioned in the abstract.
Additionally, the main aim of some studies was not to study the
diagnostic value of circulating biomarkers to detect HFpEF, though
since they studied the diagnostic value in sub-analysis, they were
still included in this review to provide a complete overview of cur-
rent circulating diagnostic HFpEF biomarker analysis.

Finally, since some studies included (previous) hospitalised
patients and timing of the reference standard and the drawing
of blood was often unclear, we may have unintentionally included
acute HFpEF populations. Since this does not affect the main con-
clusion of this review, we decided not to exclude these studies.

Conclusion
The majority of current diagnostic HFpEF biomarker studies have a
high ROB, reducing the reproducibility and the potential for clinical
care. Methodological well-designed studies with a uniform refer-
ence diagnosis are urgently needed to determine the incremental
value of circulating biomarkers for the diagnosis of HFpEF.
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