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Abstract

Aims The HFA-PEFF score was developed to optimize diagnosis and to aid in early recognition of heart failure (HF) with
preserved ejection fraction (HFpEF) in patients who present with HF-like symptoms. Recognizing early-HFpEF phenogroups
is essential to better understand progression towards overt HFpEF and pave the way for early intervention and treatment.
Whether the HFA-PEFF domain scores can identify ‘early-HFpEF’ phenogroups remains unknown. The aims of this pilot study
are to (i) identify distinct phenogroups by cluster analysis of HFA-PEFF domain scores in subjects that present with HF-like
symptoms and (ii) study whether these phenogroups may be associated with distinct blood proteome profiles.
Methods and results Subjects referred to the Cardiology Centers of the Netherlands, location Utrecht, with non-acute pos-
sibly cardiac-related symptoms (such as dyspnoea or fatigue) were prospectively enrolled in the HELPFul cohort (N = 507) and
were included in the current analysis. Inclusion criteria for this study were (i) age ≥ 45 years and (ii) a left ventricular ejection
fraction (LVEF) ≥ 50%, in the absence of a history of HF, coronary artery disease, congenital heart disease, or any previous
cardiac interventions. Multinominal-based clustering with latent class model using the HFA-PEFF domain scores (functional,
structural, and biomarker scores) as input was used to detect distinct phenotypic clusters. For each bootstrapping run, the
92 Olink proteins were analysed for their association with the identified phenogroups. Four distinct phenogroups were
identified in the current analysis (validated by bootstrapping 1000×): (i) no left ventricular diastolic dysfunction (no LVDD,
N = 102); (ii) LVDD with functional left ventricular (LV) abnormalities (N = 204); (iii) LVDD with functional and structural LV
abnormalities (N = 204); and (iv) LVDD with functional and structural LV abnormalities and elevated BNP (N = 107). The
HFA-PEFF total score risk categories significantly differed between the phenogroups (P < 0.001), with an increase of the
HFA-PEFF score from Phenogroup 1 to 4 (low/intermediate/high HFA-PEFF risk score: Phenogroup 1: 88%/12%/0%;
Phenogroup 2: 9%/91%/0%; Phenogroup 3: 0%/92%/8%; Phenogroup 4: 5%/83%/12%). Thirty-two out of the 92 Olink protein
biomarkers significantly differed among the phenogroups. The top eight biomarkers—N-terminal prohormone brain
natriuretic peptide, growth differentiation factor-15, matrix metalloproteinase-2, osteoprotegerin, tissue inhibitor of
metalloproteinase-4, chitinase-3-like protein 1, insulin-like growth factor-binding protein 2, and insulin-like growth
factor-binding protein 7—are mainly involved in inflammation and extracellular matrix remodelling, which are currently
proposed key processes in HFpEF pathophysiology.
Conclusions This study identified distinct phenogroups by using the HFA-PEFF domain scores in ambulant subjects referred
for HF-like symptoms. The newly identified phenogroups accompanied by their circulating biomarkers profile might aid in a
better understanding of the pathophysiological processes involved during the early stages of the HFpEF syndrome.
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Background

Heart failure with preserved ejection fraction (HFpEF) is a
heterogeneous clinical syndrome that is associated with a
poor quality of life, high mortality rates, and significant
healthcare-related costs.1,2 Recently, the HFA-PEFF diagnostic
algorithm was developed to optimize diagnosis and aid in the
early recognition of this syndrome in patients who present
with heart failure (HF)-like symptoms.3 However, whether
the HFA-PEFF domain scores can identify ‘early-HFpEF’
phenogroups remains unknown. Recognizing early-HFpEF
phenogroups is essential to better understand progression
towards overt HFpEF and pave the way for early treatment.

Aims

The aims of this pilot study are to (i) identify distinct
phenogroups by cluster analysis of HFA-PEFF domain scores
in subjects that present with HF-like symptoms and (ii) study
whether these phenogroups may be associated with distinct
blood proteome profiles.

Methods

Consecutive participants (n = 507) of the previously described
HELPFul observational cohort4 were included in this study. In
summary, the HELPFul cohort is a single-centre [Cardiology
Centers of the Netherlands (CCN), location Utrecht] prospec-
tive case-cohort study designed to better understand early
HFpEF and its progression towards overt HFpEF. The CCN
cardiology outpatient clinic is positioned between the general
practitioner and the hospital. It is intended to allow fast
cardiac screening in subjects with non-acute potential
cardiac-related symptoms such as dyspnoea or fatigue.4 The
HELPFul study population therefore provides a unique
possibility to study biomarkers and risk factors in patients
that have not yet developed (overt) left ventricular diastolic
dysfunction (LVDD) or HFpEF or are still in the early stages
of these conditions.4 Inclusion criteria for this study were (i)
age ≥ 45 years, (ii) signed informed consent, and (iii) a left
ventricular ejection fraction (LVEF) ≥ 50%, in the absence of
a medical history of HF (hospitalization), coronary artery
disease, congenital heart disease, or any previous cardiac
interventions. As a result, subjects with HF-like symptoms
and structural/functional/biomarkers abnormalities in line
with recently published HFA-PEFF score but without a

medical history of HFpEF diagnosis are among others
included in current study.3

At baseline visit, history taking, physical examination, labo-
ratory measurements, and transthoracic echocardiography
were performed as part of routine clinical care. For this study,
baseline plasma samples were analysed for 92 protein
biomarkers using the Olink Proseek Multiplex cardiovascular
panel III (CVDIII) as described previously.5 Missing clinical
data (total missing <2% with <10% missing per variable)
were imputed using factor analysis for mixed data (missMDA
v1.17). Subsequently, the structural, functional, and bio-
marker HFA-PEFF domain scores were calculated (maximum
score of 2 for each domain).3 Multinominal-based clustering
with latent class model using the domain scores as categori-
cal input was performed with Rmixmod v2.1.5. Four
phenogroups were identified based on the Bayesian informa-
tion criterion. The clustering was validated by bootstrapping
(n = 1000) with boot-package v1.3–25. The statistical
significance of the difference in clinical characteristics among
the phenogroups was estimated using the Kruskal–Wallis
rank-sum test and Mann–Whitney U test, or ANOVA and
t-test for continuous variables, and χ2 test or Fisher’s exact
test for categorical variables, where appropriate. For each
bootstrapping run, the 92 Olink proteins were analysed for
their association with the four phenogroups using the
Kruskal–Wallis rank-sum test (Figure 1). All analyses were
carried out with the R software (Version 4.0.4).

Results

Compared with the other clusters, subjects in Phenogroup 1
were relatively young and had a normal left ventricular (LV)
function; subjects in Phenogroup 2 were characterized by
functional (diastolic) LV abnormalities but normal LV
structure; Phenogroup 3 by both structural and functional
LV abnormalities, normal BNP plasma levels, and a higher
prevalence of hypertension; and Phenogroup 4 by elevated
BNP levels (mostly) accompanied by structural and functional
LV abnormalities (Table 1). The HFA-PEFF total score risk
categories significantly differed between the phenogroups
(P < 0.001, Bonferroni’s correction), with an increase of the
HFA-PEFF score from Phenogroup 1 to 4 (low/intermediate/
high HFA-PEFF risk score: Phenogroup 1: 88%/12%/0%;
Phenogroup 2: 9%/91%/0%; Phenogroup 3: 0%/92%/8%;
Phenogroup 4: 5%/83%/12%). Prevalence of sex, medical
history of atrial fibrillation, LVEF, creatinine levels, and body
mass index did not significantly differ between the four
phenogroups (Table 1). Thirty-two out of the 92 Olink protein
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Figure 1 Top panel: Multinominal-based clustering with latent class model using the HFA-PEFF domain scores as categorical input revealed four dis-
tinct phenogroups with significant difference between the HFA-PEFF total score risk categories (P < 0.001, after applying Bonferroni’s correction). Left
bottom panel: Bootstrapping (1000×) results [P-value and interquartile range (IQR)] of the Olink proteins for their association with the four
phenogroups using the Kruskal–Wallis rank-sum test. Biomarkers of which the upper interquartile range (IQR) limit of the bootstrapping results were
significantly (P < 0.05) associated with the clusters are shown (vertical red dotted line indicates the P-value cut-off after Bonferroni’s correction: 0.05/
92). Right bottom panel: Heatmap of the mean value of z-scores of these Olink proteins in each cluster. CCL15, C–C motif chemokine 15; CD93, com-
plement component C1q receptor; CHI3L1, chitinase-3-like protein 1; CSTB, cystatin-B; DLK-1, protein delta homologue 1; EGFR, epidermal growth fac-
tor receptor; EPHB4, ephrin type-B receptor 4; FABP4, fatty acid-binding protein 4; FAS, tumour necrosis factor receptor superfamily member 6; Gal-3,
galectin-3; Gal-4, galectin-4; GDF-15, growth differentiation factor-15; IGFBP-2, insulin-like growth factor-binding protein 2; IGFBP-7, insulin-like growth
factor-binding protein 7; IL-18BP, interleukin-18-binding protein; IL2-RA, interleukin-2 receptor subunit alpha; LTBR, lymphotoxin-beta receptor; MB,
myoglobin; MCP-1, monocyte chemotactic protein 1; MMP-2, matrix metalloproteinase-2; Notch3, neurogenic locus notch homologue protein 3;
NT-proBNP, N-terminal prohormone brain natriuretic peptide; OPG, osteoprotegerin; OPN, osteopontin; PLC, perlecan; SPON1, spondin-1; TFF3, trefoil
factor 3; TIMP4, tissue inhibitor of metalloproteinase-4; TNF-R1, tumour necrosis factor receptor 1; TNF-R2, tumour necrosis factor receptor 2; t-PA,
tissue-type plasminogen activator; U-PAR, urokinase plasminogen activator surface receptor.
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biomarkers significantly differed among clusters (Figure 1;
proteins with an upper interquartile range limit of P-value
in bootstrapping < 0.05 are shown, with a P-value < 0.05
for the top eight after applying Bonferroni’s correction).
The top eight biomarkers—N-terminal prohormone brain na-
triuretic peptide, growth differentiation factor-15, matrix me-
talloproteinase-2, insulin-like growth factor-binding protein 2,
insulin-like growth factor-binding protein 7, osteoprotegerin,
tissue inhibitor of metalloproteinase-4, and chitinase-3-like
protein 1—included biomarkers that have been previously
associated with HFpEF and/or LVDD and are mainly involved
in inflammation and extracellular matrix remodelling.6,7

Conclusions

This is the first study revealing distinct phenogroups by using
the HFA-PEFF domain scores in ambulant subjects referred
for HF-like symptoms. While it is unlikely that individual circu-
lating biomarkers will have diagnostic value to detect ‘early
HFpEF’,7 the newly identified phenogroups accompanied by
their circulating biomarkers profile might aid in a better un-
derstanding of the pathophysiological processes involved
during the early stages of the heterogeneous HFpEF syn-
drome. In addition, this information might help to identify
those individuals who progress from LVDD towards overt
HFpEF and possibly could benefit from early treatment in
the future.

Certain study limitations have to be addressed, including
the case-cohort cross-sectional design, non-fasting blood
samples, the lack of information on global longitudinal strain

(which was therefore not used for the calculation of the func-
tional HFA-PEFF score), and potential under-detection of
LVDD because no exercise echocardiography or invasive
haemodynamic stress testing was performed.8 Moreover, it
is unclear whether the biomarkers are a primary cause or ef-
fect of the phenogroups, and whether the biomarker profiles
itself are (indirectly) driven by elevated BNP levels, which
needs to be determined in longitudinal studies with sequen-
tial biobanking. The current approach’s strength is the usage
of easy to assess, widely available diagnostic parameters that
are currently being used in cardiology and HFpEF clinics.3

Follow-up of clinical and biomarker data with serial (exercise)
echocardiographies—along with validation in similar cohorts
—is required to prove the added value of the currently
identified phenogroups in predicting new-onset HFpEF and
its progression.
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