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Abstract

Aims We sought to compare the generalizability and prognostic implications of heart failure with preserved ejection fraction
(HFpEF) scores (HFA-PEFF and H2FPEF score) in Treatment of Preserved Cardiac Function Heart Failure with an Aldosterone
Antagonist (TOPCAT) and Phosphodiesterase-5 Inhibition to Improve Clinical Status and Exercise Capacity in Heart Failure with
Preserved Ejection Fraction (RELAX) trial participants and matched controls from the Atherosclerosis Risk in Community (ARIC)
study.
Methods and results Based on the respective scores, the study participants from the TOPCAT (N = 356), RELAX (N = 216),
and ARIC (N = 379) studies were categorized as having a low, intermediate, or high likelihood of HFpEF. Age, sex, and race
matched controls free of cardiovascular disease who had unexplained dyspnoea were used to evaluate the diagnostic
performance. The prognostic value of scores was assessed using multivariable-adjusted Cox regression analyses. The median
HFA-PEFF scores in the TOPCAT, RELAX, and ARIC studies were 5.0 [interquartile range (IQR): 5.0–6.0], 4.0 (IQR: 2.0–4.0), and
3.0 (IQR: 2.0–4.0), respectively. The median H2FPEF scores in the three studies were 5.5 (IQR: 4.0–7.0), 6.0 (IQR: 4.0–7.0), and
3.0 (IQR: 2.0–5.0), respectively. A low HFA-PEFF and H2FPEF score can rule out HFpEF with high sensitivity (99.5% and 99.6%,
respectively) and negative predictive value (95.7% and 98.3%, respectively). A high HFA-PEFF and H2FPEF score can rule-in
HFpEF with good specificity (82.8% and 95.6%, respectively) and positive predictive value (79.9% and 90.4%, respectively).
Among TOPCAT participants, the hazard for adverse cardiovascular events per point increase in HFA-PEFF and H2FPEF score
was 1.26 (95% confidence interval: 0.98–1.63) and 1.01 (95% confidence interval: 0.88–1.15), respectively. A higher H2FPEF
score was associated with lower peak oxygen intake in RELAX trial participants (adjusted P = 0.01).
Conclusions The HFA-PEFF and the H2FPEF scores are reliable diagnostic tools for HFpEF. The prognostic utility of HFpEF
scores requires further validation in larger rigorously phenotyped populations.
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Introduction

Heart failure with preserved ejection fraction (HFpEF)
accounts for over half of heart failure admissions.1,2 With
an aging population that has multiple coexisting comorbidi-
ties, the prevalence of HFpEF is likely to rise in the coming
years.1,2 Accurately diagnosing the heterogeneous disease

state of HFpEF has been a significant limitation in providing
effective therapeutic management for the patients.

Despite advances in the understanding of the HFpEF
pathophysiology and the availability of imaging and cardiac
biomarker assessment,3–6 debate still exists regarding the
roles of cardiac imaging parameters, biomarker levels, and
comorbidity status for the diagnosis and prognostication of
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HFpEF.3,5–7 This has led to the development of two scoring
systems for the evaluation of patients with dyspnoea to risk
stratify their likelihood of having HFpEF: the H2FPEF score8

and the Heart Failure Association pre-test assessment,
echocardiography and natriuretic peptide, functional testing,
and final aetiology (HFA-PEFF)9 diagnostic algorithm. The
scoring systems differ in their usage of echocardiographic
cut-offs, biomarker inclusion, invasive haemodynamic assess-
ment, and the role of exercise testing.8–10 Data suggest that
these relatively new scoring systems have prognostic utility
in addition to their diagnostic efficacy for HFpEF.10,11

However, there are limited data comparing the diagnostic
and prognostic efficacy of the two HFpEF scoring systems.

The participants of the Treatment of Preserved Cardiac
Function Heart Failure with an Aldosterone Antagonist
(TOPCAT)12 and Phosphodiesterase-5 Inhibition to Improve
Clinical Status and Exercise Capacity in Heart Failure with
Preserved Ejection Fraction (RELAX)13 trials provide a unique
opportunity to evaluate the application of the two scores in
the HFpEF trial population and to examine their relationship
with adverse cardiovascular outcomes. We sought to evalu-
ate the generalizability of the HFA-PEFF and H2FPEF scoring
systems and their comparative prognostic utility among the
TOPCAT and RELAX trial participants. We also compared the
diagnostic utility of the scores in age-matched, sex-matched,
and race-matched participants of the Atherosclerosis Risk in
Communities (ARIC) study without any history of cardiovas-
cular diseases.

Methods

The data for this study was obtained from the publicly
available National Institute of Heart, Lung and, Blood Institute
BioLINCC data repository. All participants of the TOPCAT and
RELAX trials with available data were included for analysis.
TOPCAT was a Phase 3, double-blinded multicentre random-
ized controlled trial that was conducted from August 2006
to January 2012 in the Americas, Russia, and the Republic
of Georgia.12 Due to previously reported concerns regarding
enrolled patients in Russia/Georgia, we included only the
TOPCAT patients from the Americas in our analysis. The
RELAX trial was also a multicentre double-blinded random-
ized controlled trial that was conducted between October
2008 and February 2012 across the USA and Canada.13,14

The ARIC study is a prospective cohort of US adults that were
followed for cardiovascular events starting in 1987.15 We in-
cluded information from Visit 5 of this cohort (2011–2013),
which is when the echocardiographic assessment was per-
formed. The protocols were approved at the trial sites by
the respective local institutional review boards.12–14 All par-
ticipants provided written, informed consent, and the studies
complied with principles in the Declaration of Helsinki.

The details of the inclusion and exclusion criteria, trial
methodology, and results have been published earlier and de-
scribed in the supporting information methods.12–14 Details
of study population derivation are presented in supporting
information Figure S1. The details of the ARIC study, including
the identification controls in the ARIC, are described in
supporting information methods. In brief, we performed 1:1
matching based on age (within 5 year range), race and sex,
in ARIC participants who had unexplained dyspnoea without
any history of cardiovascular disease (history of heart failure,
coronary artery disease, or stroke).

HFA-PEFF score

The HFA-PEFF score, which is measured on a scale of 0–6
points, incorporates three domains—functional, morphologi-
cal, and biomarker.9,10 A high score (≥5 points) is considered
diagnostic for HFpEF, and a low score (0–1 points) rules out
the disease.10 The score of 2–4 is intermediate, requiring fur-
ther evaluation.10 The additional steps, as described in the
HFA-PEFF scoring algorithm of diastolic stress testing,
invasive assessment, and etiological evaluation, were not
assessed. The details of the HFA-PEFF score estimation have
been described in supporting information methods and
Figure S2. The comparison of the TOPCAT study population
sub-group included in the current analysis with the rest of
the trial population is summarized in Table S1.

H2FPEF score

The details of the H2FPEF score (0–9 points) estimation have
been outlined in the supporting information methods and
Figure S3. We modelled the score as both a discrete (low:
0–1 points, intermediate: 2–5 points, and high: ≥6 points)
and continuous measure.8

Both HFA-PEFF and H2FPEF scores were available in 264
participants of TOPCAT, 188 participants of RELAX, and 362
participants of the ARIC study. For prognostic evaluation of
the scores, we used the primary endpoint of the TOPCAT
trial, which was a composite of heart failure hospitalization,
aborted cardiac arrest, or death due to cardiovascular causes.
We also evaluated the relationship of the scores with the
baseline peak VO2 in the RELAX trial.

Statistical analysis

Baseline characteristics between the scoring strata were
compared separately for the three populations. Median and
interquartile range (IQR) summarized the continuous data
and were compared using the Wilcoxon rank-sum test or
the Kruskal–Wallis test. Categorical data were compared
using the χ2 test or Fisher’s exact test and reported as counts
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and percentages. Sensitivity, specificity, positive predictive
value (PPV), and negative predictive values (NPV) were
estimated using the trial populations as HFpEF cases and
the ARIC participants without any history of cardiovascular
diseases as controls. We employed two approaches for
assessing the diagnostic performance: (i) rule-in approach of
taking only the high score category as ‘positive’ and (ii)
rule-out approach taking intermediate and high-score catego-
ries as ‘positive’. The diagnostic area under the curve (AUC)
was also generated for the two scores. Sensitivity analyses
of the diagnostic performance of the two scores were
performed in the ambulatory trial population and using
matched controls from ARIC. Among the TOPCAT trial partic-
ipants, Cox proportional hazards models were used to assess
the prognostic ability of both HFA-PEFF and H2FPEF scores for
adverse cardiovascular events. Analyses were adjusted for
age, sex, race (Whites vs. non-White), body mass index, en-
rolment strata (hospitalization vs. natriuretic peptides), and
treatment group.16,17 The Kaplan–Meier method was used
to plot the cumulative incidence of cardiovascular events by
score categories. The log-rank test was used to compare the
outcome across the categories of the two scoring systems.
Outcome analyses were limited to TOPCAT participants due
to few cardiovascular events among RELAX participants.
Receiver operating characteristic curves were generated,
and the AUC and Harrell’s C-statistics were computed by
the inclusion of the respective scores in the Cox models to
compare the prognostic ability of the two scoring systems.
Additionally, multivariable-adjusted logistic regression was
performed to obtain the odds of the primary outcome and
heart failure hospitalization outcome in the TOPCAT popula-
tion. In a secondary analysis, we evaluated the relationship
of the scores with the baseline peak VO2 in the RELAX trial,
adjusted for age, sex, race, and body mass index. We also
performed logistic regression to assess the association of high
HFpEF scores with peak VO2 < 15 mL/kg/min. All statistical
analyses were conducted using SAS 9.4 (Cary, N.C.). A
two-sided Type I error of 0.05 was considered significant for
all the reported analyses.

Results

HFA-PEFF score in the study populations

Among the TOPCAT trial participants (N = 356), the median
HFA-PEFF score was 5.0 (IQR: 5.0–6.0). This was similar across
sex [male: 5.0 (IQR: 5.0–6.0) vs. female: 5.0 (IQR: 5.0–6.0);
P = 0.59], race [Whites: 5.0 (IQR: 5.0–6.0) vs. non-Whites:
5.0 (IQR: 5.0–6.0); P = 0.92], and treatment strategy
[spironolactone: 5.0 (IQR: 5.0–6.0) vs. placebo: 5.0 (IQR:
5.0–6.0); P = 0.80] strata. The scores were higher in those
enrolled by natriuretic peptide criteria [5.0 (IQR: 5.0–6.0)]

compared with those enrolled by hospitalization criteria
[5.0 (IQR: 5.0–5.0); P = 0.04]. The baseline characteristics of
the TOPCAT participants stratified by HFA-PEFF score catego-
ries are illustrated in Table 1. In TOPCAT, 19.7% of participants
had an intermediate score2–4 and 80.3% had a high score (≥5).

Among the RELAX trial participants (N = 216), the median
HFA-PEFF score was 4.0 (IQR: 2.0–4.0). The baseline charac-
teristics of RELAX participants stratified by HFA-PEFF score
categories are illustrated in Table 1. The median scores were
similar across sex [male: 4.0 (IQR: 2.0–4.0) vs. female: 4.0
(IQR: 2.0–5.0); P = 0.41], race [Whites: 4.0 (IQR: 2.0–5.0) vs.
non-Whites: 4.0 (IQR: 2.0–4.0); P = 0.80], and treatment
strategy [sildenafil: 4.0 (IQR: 2.0–4.0) vs. placebo: 4.0 (IQR:
3.0–4.0); P = 0.14] strata. While only 2.8% of participants
had a low score (<2), 76.9% of participants had an interme-
diate score,2–4 and 20.4% of participants had a high score
(≥5). The distribution of the score domains for both trial pop-
ulations is presented in Figure 1.

In the ARIC population (N = 362), a population with any
history of atherosclerotic cardiovascular diseases, the median
HFA-PEFF score was 3.0 (IQR: 2.0–4.0). The scores were
different across sex [male: 3.0 (IQR: 2.0–4.0) vs. female: 3.0
(IQR: 3.0–4.0); P = 0.005] strata but not race [Whites: 3.0
(IQR: 2.0–4.0) vs. non-Whites: 3.0 (IQR: 2.0–4.0); P = 0.28]
strata. ARIC participants mostly had intermediate HFA-PEFF
scores (68.5%). In the remaining participants, 21.8% had a
high score and 9.7% had a low score (Table 1).

H2FPEF score in the study populations

The median score of the TOPCAT population (N = 214) was
5.5 (IQR: 4.0–7.0) and was different by sex [male: 6.0 (IQR:
5.0–8.0) vs. female: 5.0 (IQR: 4.0–7.0); P = 0.02], and
race [Whites: 5.0 (IQR: 4.0–6.0) vs. non-Whites: 6.0 (IQR:
4.0–8.0); P = 0.005]. The scores were similar in those enrolled
by natriuretic peptide criteria [6.0 (IQR: 4.0–7.0)] compared
with those enrolled by hospitalization criteria [5.0 (IQR:
4.0–7.0); P = 0.88]. In TOPCAT, 1.1% of participants had a
low score, 48.9% of participants had an intermediate score,
and 50% of participants had a high score. The baseline char-
acteristics of the TOPCAT population stratified by H2FPEF
score categories are described in Table 2.

In the RELAX population (N = 188), the median score was
6.0 (IQR: 4.0–7.0). The scores were similar across sex [male:
6.0 (IQR: 4.0–7.0) vs. female: 6.0 (IQR: 4.0–7.0); P = 0.97],
race [Whites: 6.0 (IQR: 4.0–7.0) vs. non-Whites: 6.0 (IQR:
4.0–7.0); P = 0.87], and treatment strategy [sildenafil: 6.0
(IQR: 5.0–7.0) vs. placebo: 6.0 (IQR: 4.0–7.0); P = 0.42] strata.
Among the participants with available H2FPEF score, 2.7%
had a low score, 42.0% had an intermediate score, and
55.3% had a high score. The baseline characteristics of the
RELAX trial participants by H2FPEF score categories are de-
scribed in Table 2.
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In the ARIC population (N = 362), the median H2FPEF score
was 3.0 (IQR: 2.0–4.0). The score was similar across sex
[male: 3.0 (IQR: 2.0–5.0) vs. female: 3.0 (IQR: 2.0–5.0);
P = 0.83], and across race [Whites: 3.0 (IQR: 2.0–5.0) vs.
non-Whites: 4.0 (IQR: 2.0–5.0); P = 0.12]. The ARIC partici-
pants generally had low (8.0%) or intermediate H2FPEF scores
(84.5%), and only 7.5% had high H2FPEF score (Table 2).

HFA-PEFF vs. H2FPEF score

In participants with both scores calculated (N in TOPCAT: 264;
RELAX: 188), the application of the HFA-PEFF score categories
to patients categorized using H2FPEF score led to a reclassifi-
cation of 52.7% of TOPCAT and 50.5% of RELAX trial partici-
pants (Figures 2 and S4).

In the TOPCAT trial, 81.4% of patients with an intermediate
likelihood of HFpEF based on H2FPEF score (score 2–5) were
reclassified as having a high likelihood based on the
HFA-PEFF scale (score ≥5). Among those with a high H2FPEF
score (score ≥6), 23.5% were reclassified into the intermedi-
ate category (Figure 2). In the RELAX trial, 13.9% of patients
with an intermediate likelihood of HFpEF on the H2FPEF scale
(score 2–5) were reclassified as having a high likelihood of
HFpEF on the HFA-PEFF scale. The majority of participants
with high H2FPEF scores was reclassified as having intermedi-
ate (70.2%) or low HFA-PEFF scores (2.9%) (Figure 2).

Diagnostic value of the HFA-PEFF and H2FPEF
scores

We presumed that all TOPCAT and RELAX participants had
HFpEF and none of the ARIC participants had heart failure.
Both the scores generally performed well for diagnostic
purposes when assessed in the study populations (Table 3).

Using a rule-in approach, the specificity and PPV of the
HFA-PEFF score were 78.2% and 76.2%, respectively. The
specificity and PPV of the H2FPEF score rule-in approach were
92.5% and 85.6%, respectively. The sensitivity and NPV of the
HFA-PEFF score using a rule-out approach were 99.7% and
97.2%, respectively. The H2FPEF score had a sensitivity of
99.6% and an NPV of 96.7% using the rule-out approach
(Table 3). The diagnostic performance of the rule-in and
rule-out approach of the scores in respective trials is shown
in Tables S2–S3. The diagnostic performance of the AUC
curves for the two scores are depicted in Figure S5.

In sensitivity analyses, the scores were computed in the
ambulatory cohort of TOPCAT and RELAX trials. In 215
TOPCAT patients with either score available, 82.8% and
17.2% had a high and intermediate HFA-PEFF score, respec-
tively. While 2.0%, 47.1%, and 51.0% had low, intermediate,
and high H2FPEF scores in TOPCAT ambulatory cohort. In
137 ambulatory RELAX patients, 3.4%, 78.8%, and 17.5%
had low, intermediate, and high HFA-PEFF score, respectively.
Similar to TOPCAT, 4.1%, 43.9% and, 52.0% had low, interme-
diate, and high H2FPEF scores. Using the rule-in approach in
these patients, the HFA-PEFF score specificity and PPV were
76.8% and 74.9%, respectively. The H2FPEF score specificity
and PPV were 89.7% and 80.8%, respectively. The
sensitivity and NPV of the HFA-PEFF score using a rule-out
approach in these patients were 99.6% and 95.2%, respec-
tively. The H2FPEF score had a sensitivity of 99.4% and an
NPV of 94.7% using the rule-in approach (Table S4).

Prognostic value of the HFA-PEFF and H2FPEF
scores in TOPCAT trial

For every one-point increase in the HFA-PEFF score, the
hazard for adverse cardiovascular events increased by 26%

Figure 1 Frequency distribution of HFA-PEFF score domains in Treatment of Preserved Cardiac Function Heart Failure with an Aldosterone Antagonist
(TOPCAT) and Phosphodiesterase-5 Inhibition to Improve Clinical Status and Exercise Capacity in Heart Failure with Preserved Ejection Fraction (RELAX)
trials. Panel (A) represents the HFA-PEFF score categories in the TOPCAT trial, while Panel (B) represents the HFA-PEFF score categories in the RELAX
trial.
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[hazard ratio (HR): 1.26, 95% confidence interval (CI)
0.98–1.63]. The hazard ratio for one-point increase in the
H2FPEF score was 1.01 (95% CI: 0.88–1.15). A similar associa-
tion was seen when the scores were assessed as a categorical
measure. The Kaplan–Meier curves for the risk of adverse

cardiovascular outcomes across various strata of HFA-PEFF
and H2FPEF scores are shown in Figure 3. In multivariable-
adjusted logistic regression, the odds of the primary outcome
and for heart failure hospitalizations in those with high
HFA-PEFF scores were 2.06 (95% CI: 1.06–4.03) and 2.07
(95% CI: 0.99–4.33), respectively. In those with high H2FPEF
score, the odds of the primary outcome and of heart failure
hospitalizations were 1.12 (95% CI: 0.62–2.03) and 1.08
(95% CI: 0.57–2.06), respectively.

Among TOPCAT participants who had both scores available
(N = 264), every one-point increase in the HFA-PEFF score led
to an increase in the hazard for adverse cardiovascular events
by 42% (HR: 1.42, 95% CI: 1.04–1.93). The predictive ability
(estimated by C-statistics) for the incidence of adverse cardio-
vascular events from the multivariate-adjusted model was
0.69 (95% CI: 0.63–0.74). This improved with the inclusion of
either the HFA-PEFF score (C-statistic: 0.70, 95% CI:
0.65–0.75) or the H2FPEF score (C-statistic: 0.70, 95% CI:
0.63–0.77) to the multivariate model (Figure S6). The
C-statistics for HFA-PEFF and H2FPEF score alone were 0.54
(95% CI: 0.49–0.58) and 0.53 (95% CI: 0.48–0.59), respectively.

In multivariable-adjusted logistic regression among
TOPCAT participants with both scores available (N = 264),
the odds of the primary outcome and for heart failure hospi-
talizations in those with high HFA-PEFF scores were 1.97
(95% CI: 1.00–3.86) and 2.00 (95% CI: 0.94–4.17), respec-
tively. In those with high H2FPEF score, the odds of the
primary outcome and for heart failure hospitalizations in
those with high HFA-PEFF scores were 0.96 (95% CI:
0.53–1.73) and 0.86 (95% CI: 0.46–1.63), respectively.

Figure 2 Reclassification of HFA-PEFF score categories from H2FPEF score categories in (A) Treatment of Preserved Cardiac Function Heart Failure with
an Aldosterone Antagonist (TOPCAT) and (B) Treatment of Preserved Cardiac Function Heart Failure with an Aldosterone Antagonist (RELAX) trials. The
arrows in red represent upward reclassification, and the curves in green represent a downward reclassification. The arrows in yellow show the reclas-
sification in the same score category. The arrows in green indicate a downward reclassification.

Table 3 Diagnostic performance of HFA-PEFF and H2FPEF scores

HFA-PEFF scorea

Rule-in
approachb (%)

Rule-out
approachc (%)

Sensitivity 69.9 99.7
Specificity 78.2 9.7
Positive predictive value 76.2 52.5
Negative predictive value 72.2 97.2

H2FPEF scored

Rule-in
approachb (%)

Rule-out
approachc (%)

Sensitivity 58.1 99.6
Specificity 92.5 8.0
Positive predictive value 85.6 45.3
Negative predictive value 74.3 96.7
aIncludes 379 participants from Atherosclerotic Risk in Communi-
ties (ARIC) study and 379 participants from Treatment of Preserved
Cardiac Function Heart Failure with an Aldosterone Antagonist
(TOPCAT) and Phosphodiesterase-5 Inhibition to Improve Clinical
Status and Exercise Capacity in Heart Failure with Preserved
Ejection Fraction (RELAX) trials.

bFor the rule-in approach, only the high-risk category is considered
as a ‘positive’ test result.

cFor the rule-out approach, both the intermediate-likelihood and
high-likelihood categories are considered as a ‘positive’ test result.
dIncludes 379 participants from ARIC study and 291 participants
from TOPCAT and RELAX trials.
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Relationship of the HFA-PEFF and H2FPEF scores
with exercise capacity in RELAX trial

A higher H2FPEF score was associated with decreased VO2

maximum in unadjusted (β: �0.51, P < 0.001) and adjusted
models (β: �0.26, P = 0.01). The β-estimate for the associa-
tion of HFAPEFF score with VO2 maximum was �0.10
(P = 0.50) and �0.02 (P = 0.90) in unadjusted and adjusted
models, respectively (Figures S7 and S8). The relationship of
the scores with baseline VO2 maximum stratified by prior
heart hospitalization is described in Figures S9 and S10. A
high H2FPEF score was associated with a peak VO2 of
<15 mL/kg/min (odds ratio: 2.0; 95% CI: 0.93–4.15%). The
odds of peak VO2 being <15 mL/kg/min in those with high
HFA-PEFF scores were 0.76 (95% CI: 0.32–1.79).

Discussion

This study evaluated the generalizability of the HFA-PEFF and
the H2FPEF score in the HFpEF participants of the TOPCAT
and RELAX trials. Both scores predict a high likelihood of
HFpEF in the trial cohorts. Both the scores are effective in
ruling out HFpEF and may also be used to rule-in the diagno-
sis of HFpEF. In addition to providing diagnostic probability,
the HFA-PEFF and H2FPEF scores may also predict the risk
for the development of adverse cardiovascular events. The
H2FPEF score was robustly associated with decreased exer-
cise capacity. A large proportion of individuals classified in a
particular H2FPEF score category were reclassified after the
application of the HFA-PEFF score. A large proportion of
participants from TOPCAT, RELAX, and ARIC were categorized
as having an intermediate likelihood for HFpEF diagnosis by
both the scores, indicating the need for additional testing in
these participants.

Heart failure with preserved ejection fraction is increas-
ingly being recognized as a multi-systemic disorder with a
heterogeneous population substrate.18–21 Cardiac dysfunc-
tion exists along with multiple comorbidities contributing to
the complex etiopathogenesis and diverse phenotypes of
HFpEF.18–21 The diagnosis of HFpEF patients has been chal-
lenging due to the distinct clinical phenotypes and absence
of invasive haemodynamic assessment in the routine care
of patients.18,20 The H2FPEF score, which was derived from
a single-centre cohort of dyspnoea patients undergoing
invasive haemodynamic exercise assessment, has been vali-
dated in other HFpEF populations.8,10 The recently developed
and validated HFA-PEFF algorithm provides a comprehensive
stepwise approach for the diagnosis of HFpEF in suspected
patients.9,10

It is of great interest to us that both scoring systems
exhibit diagnostic utility despite their contrasting focus on
cardiac and extracardiac features. While both scoring sys-
tems emphasize the importance of filling pressures by
assigning points for elevated E/e′ ratios and tricuspid
regurgitant velocity, the H2FPEF score seemingly has a
greater focus on clinical features such as obesity, hyperten-
sion, and age. Due to the simplified scoring and high
validity,8,11,16,17 the H2FPEF score may be readily employed
in routine clinical practice. However, the H2FPEF score does
not account for gender, natriuretic peptide levels, and cardiac
morphological features, such as left atrial volume index and
left ventricular mass index. This may limit the diagnostic
and prognostic applicability of the scoring system.8 We also
validate the previously reported association of H2FPEF score
with exercise capacity.22 This indicates that the H2FPEF score
may be a reliable surrogate for underlying functional capacity
in patients with HFpEF, which is not reliably estimated in clin-
ical settings.

In comparison, the HFA-PEFF scoring system assigns a
greater focus on cardiac morphological features, biomarkers,
and functional testing. The HFA-PEFF algorithm suggests

Figure 3 Kaplan–Meier curves for the risk of primary outcome in Treatment of Preserved Cardiac Function Heart Failure with an Aldosterone Antag-
onist (TOPCAT) trial: stratified by HFA-PEFF and H2FPEF score categories. The figure depicts Kaplan–Meier curves for the primary outcome of the
TOPCAT trial, stratified by the HFA-PEFF score categories (Panel A) and H2FPEF score categories (Panel B).
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diastolic stress testing or invasive haemodynamic assessment
for those in the intermediate score category.9 We found in
our investigation that this may amount to a large proportion
of patients—approximately 25% in TOPCAT and approxi-
mately 75% in the RELAX trial. Additionally, the HFA-PEFF
score does not account for body mass index. This may be im-
portant given the recognition of the obese-HFpEF phenotype
as a distinct pathophysiological phenotype.14,23,24 The diag-
nostic weightage and importance of the numerous individual
components in the multi-step algorithm have been subject to
deliberations.10,25

Our findings substantiate the diagnostic validity of the
HFA-PEFF and H2FPEF scoring systems for the identification
of HFpEF patients.10,11,16,17 We also advance these findings
by comparing the two study cohorts with a group of
individuals that had a low pre-test probability of cardiovascu-
lar disease to identify test characteristics. The differences in
scores within the TOPCAT and RELAX cohorts highlight the
significant heterogeneity in the populations identified
and classified by the two scores. The scores may capture
non-overlapping populations when applied to the same
population, thereby highlighting the need for a unified, com-
prehensive approach that incorporates the features of both
the scores. The reclassification and differences in the two
trial populations also underscore the heterogeneous popula-
tion recruitment in HFpEF trials. This heterogeneity has been
proposed as being a contributor to the neutral trial results
reported over the last few years.26 Additionally, our findings
regarding the significant geographical heterogeneity in the
probability of HFpEF in TOPCAT participants add to the
existing evidence of regional variations in the recruited
population.16,17,27 The inclusion of patients based on N termi-
nal pro brain natriuretic peptide (NT-proBNP) as one of the
inclusion criteria for TOPCAT preferentially biases the popula-
tion to a higher HFA-PEFF score because NT-proBNP is
accounted for in the HFA-PEFF score, but not in the H2FPEF
score. Given the variable association of NT-proBNP with both
the diagnosis and symptomatic burden in HFpEF,3,28 the
patients diagnosed with HFpEF without elevated NT-proBNP
(such as those in RELAX), the HFA-PEFF score may have
a lower discriminatory value. However, the presented
analyses indicate that NT-proBNP may have prognostic
utility in HFpEF. Both the HFA-PEFF and H2FPEF scores have
been reported to have important prognostic implications
in predicting adverse clinical events in patients with
HFpEF.10,11,16,17 Our results differ from the prior works in
the TOPCAT trial due to differences in the population selec-
tion and analytical approach. The findings from our study
add to the growing evidence for the prognostic value of both
the scoring systems and their use in daily practice for risk
stratification of HFpEF patients.10,11,16,17 The reliance on
obesity in the H2FPEF score and the resulting statistical
obesity paradox may have also accounted for lack of
association between H2FPEF score and adverse outcomes.

Our findings carry importance on a public health level.
Both scoring systems have clear clinical utility with the poten-
tial to allow for the differentiation of HFpEF from many over-
lapping cardiorespiratory syndromes. In an era where
cost-conscious care is of paramount importance, an accurate
diagnosis could yield more efficient resource utilization for
expensive and invasive investigations such as right heart
catheterization and diastolic stress testing. Our efforts to
compare the diagnostic utility of these scoring systems also
allow clinicians to decide upon an optimal method for the
HFpEF diagnosis. Both the scores may be useful to rule-out
HFpEF and streamline the further investigation of aetiology
in the exclusion of HFpEF. Standardized and accurate
diagnosis of HFpEF would allow for uniform determination
of patient eligibility, risk enrichment, and evaluation of ther-
apeutic efficacy in future global HFpEF clinical trials. This
may limit the heterogeneity of the trial participants, which
has been frequently cited as a limiting factor for showing
adequate effect size with clinical interventions.27 Finally, the
prognostic value of both scoring systems may also have
significant benefits for clinical practice. This may potentially
shape shared patient–physician decision making to deter-
mine the optimal treatment approach that is suited to
individual patients.

By describing the test characteristics of each of the scoring
systems, our data also inform directions for future research.
There has been debate regarding the weighting of the major
and minor criteria. The inclusion of global longitudinal strain
and the arbitrary cut-off values for the left atrial volume in-
dex and left ventricular mass index have been suggested to
require further prospective examination before inclusion into
a globally valid diagnostic score.10,25 Moreover, there may be
limited applicability of the HFA-PEFF algorithm to individuals
who cannot exercise and/or have contraindications to inva-
sive assessment.25 Resting echocardiographic evaluation
along with biomarker assessment (galectin-3) may also pro-
vide a reliable method for diagnostic and prognostic assess-
ment of suspected HFpEF patients unable to exercise.29

Lastly, our findings should provide the impetus for future re-
search that examines whether treatment changes lead to
changes in individual patients’ risk scores and, ultimately,
their hazard of adverse events.

Study limitations

Our study has several limitations. All participants enrolled in
the trials were presumed to be HFpEF patients by their enrol-
ment definitions in the respective trials. The definitions of
HFpEF and the inclusion criteria differed in the two trials,
which may have contributed to the differences in the scores
and the diagnostic performance in the respective trial popu-
lations. It is notable that the two systems score the patients
on a different scale, and the same points cannot be directly
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compared between both the systems. For example, 5 points
on the HFA-PEFF score (range: 0–6 points) are not equivalent
to 5 points on the H2FPEF score (range: 0–9 points). There are
key differences in the components of the two scores such
as the requirement of natriuretic peptide levels as a key
component for computation of the HFA-PEFF score but not
the H2FPEF score. The use of control population from ARIC
without any history of cardiovascular disease and with unex-
plained dyspnoea helped in improving the clinical representa-
tiveness of the study population. The present study is subject
to selection bias as only a subset of the trial population with
available data was included in the analyses. The echocardio-
graphic cohort of the TOPCAT trial was a subset of the total
trial population, and even fewer had the global longitudinal
strain data available. Due to the study design, we could not
estimate the results of the Step 3 of the HFA-PEFF algorithm,
that is, invasive and/or exercise testing. Also, the small sam-
ple size might have had an impact on the study’s ability to as-
sess the diagnostic and prognostic value of the scores
adequately. Hence, a larger cohort of suspected HFpEF pa-
tients with gold standard invasive haemodynamic metrics
would aid in verifying the diagnostic validity and prognostic
ability of the scoring systems. Findings from such studies
could have significant implications in routine patient care
and could help determine eligibility for clinical trials.

Conclusion

Despite recent advances in the understanding of the patho-
physiology of HFpEF, the diagnosis of HFpEF remains chal-
lenging. Both the HFA-PEFF and H2FPEF scoring systems are
reliable diagnostic tools for HFpEF patients. Further research
in large, diverse, and well-phenotyped population-based co-
horts is needed to substantiate the validity of the
scoring systems and to simplify the diagnosis in those with
intermediate-likelihood of HFpEF based on these scores.
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