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ABSTRACT
Objective  Heart failure with preserved ejection fraction 
(HFpEF) is a common heterogeneous syndrome that 
remains imprecisely defined and consequently has limited 
treatment options and poor outcomes.
Methods  The UK Heart Failure with Preserved 
Ejection Fraction Registry (UK HFpEF) is a prospective 
data-enabled cohort and platform study. The study 
will develop a large, highly characterised cohort of 
patients with HFpEF. A biobank will be established. 
Deep clinical phenotyping, imaging, multiomics and 
centrally held national electronic health record data will 
be integrated at scale, in order to reclassify HFpEF into 
distinct subgroups, improve understanding of disease 
mechanisms and identify new biological pathways and 
molecular targets. Together, these will form the basis for 
developing diagnostics and targeted therapeutics specific 
to subgroups. It will be a platform for more effective and 
efficient trials, focusing on subgroups in whom targeted 
interventions are expected to be effective, with consent 
in place to facilitate rapid recruitment, and linkage for 
follow-up. Patients with a diagnosis of HFpEF made by a 
heart failure specialist, who have had natriuretic peptide 
levels measured and a left ventricular ejection fraction 
>40% are eligible. Patients with an ejection fraction 
between 40% and 49% will be limited to no more than 
25% of the cohort.
Conclusions  UK HFpEF will develop a rich, multimodal 
data resource to enable the identification of disease 
endotypes and develop more effective diagnostic 
strategies, precise risk stratification and targeted 
therapeutics.
Trial registration number  NCT05441839.

INTRODUCTION
Heart failure (HF) is a major public health problem, 
with large and growing individual, societal and 
economic impacts.1 2 In Western-type and developed 
countries, lifetime risk for HF is high, estimated to be 
between 1 in 5 and 1 in 3, and prevalence is expected 
to increase by around 50% over the next 20 years.3 4 
HF is the leading cause of hospitalisation for people 
aged over 65, with a subsequent 1-year mortality 
rate of more than 30%.5 6 Quality of life is markedly 
impaired compared with other chronic diseases.7 
Importantly, there are substantial geographic, socio-
economic and ethnic disparities in HF incidence and 
outcomes.8 9 The economic burden of HF on health-
care systems is considerable; in 2012, the estimated 
global cost of HF was $108 billion per annum, and 
in 2019 estimated costs were more than $24 000 per 
patient per year in the USA.10 11

Approximately half of patients with HF have 
a left ventricular ejection fraction (LVEF) that 
is not markedly abnormal. The Candesartan in 
HF Assessment of Reduction in Mortality and 
Morbidity (CHARM) trial programme gave rise to 
the term ‘preserved’ EF, referring to patients with 
an EF>40%. Rather than being based on biology, 
it was a pragmatic approach to distinguish this 
group from the better studied group of patients 
with HF and a lower EF, for whom evidence-
based therapies already existed and for whom 
placebo was thus not an appropriate comparator, 
and because EF was available in all patients.12 13 
More recently, HF guidelines use the term HFpEF 
(heart failure with preserved ejection fraction) to 
designate a group with an LVEF>50%, and HF 
with mildly reduced EF for LVEF 41–49%, while 
also recognising that EF is a continuum, that its 
measurement is associated with error and that 
imaging guidelines from the same societies use 
different thresholds.1 2

Instead of being a single diagnosis, it is clear that 
HFpEF represents a heterogenous systemic syndrome. 
A wide range of cardiovascular and systemic disease 
mechanisms are described.14 Patients typically have a 
range of long-term cardiometabolic and other condi-
tions. Outcomes are also variable; around half of 
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deaths in patients with HFpEF are non-cardiovascular, and fewer 
than 20% of hospital admissions are due to HF.15 16

Understanding of HFpEF remains limited. For example, it 
is unclear why some people with cardiometabolic conditions 
develop HFpEF but most do not; there is a lack of pathophys-
iological features that reliably distinguish HFpEF from its risk 
factors and normal ageing; the marked heterogeneity in cardio-
vascular and ‘extra-cardiovascular’ phenotypes is unexplained; 
and predictors of outcomes are poorly defined.

As a consequence, identification and management of patients 
with HFpEF remains challenging. A variety of diagnostic guide-
lines and algorithms exist, each comprising differing variables 
with varying measurement thresholds.17 18 No single classifica-
tion or score is able to determine the presence or absence of 
HFpEF. Treatment options are limited. Almost all phase III trials 
have been neutral, in part because study design has considered 
HFpEF to be a single disease entity. Indeed, it is noteworthy 
that subgroup analyses suggest that some agents might be effec-
tive in subgroups of patients with particular characteristics.19–22 
Sodium-glucose co-transporter-2 inhibitors are undoubtedly 
moving the field forward, improving quality of life and reducing 
the risk of HF hospitalisation, as well as prompting discussion 
around organisation of care.15 16 No therapies, however, reduce 
mortality. The heterogeneity of patients with the same diagnostic 
label, lack of unified diagnostic criteria and limited treatment 
options have resulted in patients receiving inconsistent care.

It is with these factors in mind that the UK Heart Failure 
with Preserved Ejection Fraction Registry (UK HFpEF) has been 
conceived and designed. The overarching goal is that developing 
a large, deeply characterised cohort will enable novel under-
standing of HFpEF and identification of distinct disease endo-
types, which will form the basis for more effective diagnostic 
strategies, precise risk stratification and targeted therapies, that 
will lead to improved quality of life and outcomes.

DESIGN AND METHODS
Overall study design and aims
UK HFpEF is a national prospective data-enabled cohort and 
platform study. It is a unique resource that will become a key 
platform for collaborative UK clinical and translational HFpEF 

research. The overarching objective is to provide genotyping 
and deep phenotyping, linked to outcomes, in a large cohort 
of patients. This will enable machine learning techniques to be 
applied in order to reclassify HFpEF into more distinct diagnoses. 
It will be a platform for the development of diagnostics specific to 
the different HFpEF subgroups, and for more effective trials that 
will target subgroups in whom new, repurposed or previously 
discarded treatments are expected to be effective. Moreover, it 
will provide cohorts of patients readily available for recruitment 
to such trials, with linkage in place for follow-up. It will enable 
scaled investigation aimed at understanding the causes of HFpEF, 
improving risk stratification and facilitating preventative inter-
vention, and will leverage commercial funding and participation, 
facilitated by simplified, single-point, UK-wide access. Overall 
study design and aims are summarised in figure 1 and box 1.

Oversight and governance
The study sponsor is Manchester University NHS Foundation 
Trust. The Executive Steering Committee is responsible for over-
sight of study conduct. The study was designed by the Executive 
Steering Committee, working in conjunction with a dedicated 
patient advisory group and a working group that includes repre-
sentatives from sites expressing an interest in participating and 
other expertise such as data science, data governance and statis-
tics. Membership of the study management committees is given 
in the online supplemental appendix.

Study set-up and initial recruitment are funded by the UK 
National Institute for Health and Care Research (NIHR) 
(NIHR301848). The funder had no role in study design other 
than through their external peer review processes. The study 
is supported by the NIHR–British Heart Foundation (BHF) 
Cardiovascular Partnership and the British Society for Heart 
Failure, is adopted onto the NIHR Clinical Research Network 
Portfolio (Central Portfolio Management System reference 
52749) and registered at ​ClinicalTrials.​gov (NCT05441839). 
Study website: https://www.ukhfpef.org/

Patients
Eligibility criteria are summarised in box 2. Enrolment began on 
7 October 2022 after approval. The study is being conducted in 

Figure 1  UK Heart Failure with Preserved Ejection Fraction Registry (UK HFpEF) overview. UK HFpEF will develop a rich, multimodal data resource 
to enable the identification of disease endotypes and develop more effective diagnostic strategies, precise risk stratification and targeted therapeutics. 
Figure created with BioRender.com. RCTs, Hurandomised controlled trials.
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accordance with the principles of Good Clinical Practice and the 
World Medical Association Declaration of Helsinki. All partici-
pants provided written informed consent.

Study procedures
The study protocol, participant information sheet and consent 
form are available at https://www.ukhfpef.org/

Recruitment
It is expected that the majority of patients will be recruited via 
HF services, including outpatient clinics and inpatient wards. 
Patients can also be identified by primary care physicians with 
HF expertise, or express an interest in participating directly 
via patient-centred recruitment platforms such as CardioTrials 
(https://cardiotrials.org/), in which case they will be invited to 
the most appropriate secondary care centre. Reasons for non-
recruitment will be recorded in a screening log.

Baseline evaluations
Study assessments and procedures are illustrated in figure 2. The 
study uses data collected as part of clinical care supplemented 
with study-specific data.

Personal data
Participant personal details are collected in order to retrieve 
medical, health and social care data from local, regional and 
national data systems and organisations, and to allow partici-
pants to be contacted regarding stage 2 studies (see below).

Medical, health and social care information
Data collected include demographics, medical history, HF 
history, medications, laboratory investigations, ECG, echocardi-
ography and other investigations that participants may undergo 
as part of their clinical care, for example, cardiac catheterisation, 

cardiopulmonary exercise testing, exercise echocardiogram, 
heart rhythm monitoring, nuclear scintigraphy. Date of each 
item is also captured.

To standardise the clinical evaluation that patients with HFpEF 
receive across the UK, and data collection, a core set of labora-
tory investigations are advised (online supplemental appendix). 
Similarly, there is a standardised echocardiography protocol, in 
line with the British Society of Echocardiography minimum data 
set (online supplemental appendix).

Pseudonymised ECGs and echocardiogram digital imaging 
and communications in medicine (DICOM) images are 
uploaded to the study database, where they are available for 
central analysis, including using automated artificial intelligence 
(AI) algorithms.

Physical status
Data collected include HF symptoms and signs, New York Heart 
Association (NYHA) class, blood pressure, pulse rate, height, 
weight and Rockwood Clinical Frailty Scale.23

Patient-reported outcome measure
To characterise patient health-related quality of life, the Minne-
sota Living with Heart Failure Questionnaire is conducted.24

Box 1  Aims of UK Heart Failure with Preserved Ejection 
Fraction Registry (UK HFpEF)

To develop a large, deeply characterised cohort that will be 
a platform for collaborative clinical and translational HFpEF 
research, in order to:

	⇒ Reclassify HFpEF into distinct diagnoses, where possible, 
based on disease mechanisms, clinical factors and outcome.

	⇒ Evaluate whether patients in the distinct groups respond 
differentially to treatments, with the aim of predicting 
individual patient treatment response.

	⇒ Create a platform for clinical trials that:
Matches mechanism of action of therapies (new, repurposed 
or previously discarded) with HFpEF subgroup/anticipated 
treatment response.
Provides groups of patients readily available for recruitment 
to trials.
Has data linkage in place for clinical outcomes.

	⇒ Create a platform for identifying phenotypic and genetic 
factors that could be used as the basis for:
Improving understanding of the causes of HFpEF.
Developing diagnostics.
Improving risk stratification.

	⇒ Facilitate industry engagement by providing a single point of 
access for industry.

HFpEF, heart failure with preserved ejection fraction.

Box 2  Eligibility criteria for UK Heart Failure with 
Preserved Ejection Fraction Registry (UK HFpEF)

Inclusion criteria
	⇒ Written informed consent.
	⇒ Diagnosis of HFpEF by an HF specialist (eg, a cardiologist 
with HF expertise, a primary care physician with HF expertise, 
a secondary/tertiary care physician with HF expertise, an HF 
nurse specialist, a specialist HF pharmacist).*

	⇒ Natriuretic peptide levels measured.
Exclusion criteria

	⇒ LVEF ever <40%.† (For clarity, patients with a previous LVEF 
below 40%, which has since improved to above 40%, are 
excluded.)‡

	⇒ Known infiltrative cardiomyopathy (eg, amyloid, sarcoid, 
lymphoma, endomyocardial fibrosis).

	⇒ Known active myocarditis, constrictive pericarditis or cardiac 
tamponade.

	⇒ Known genetic hypertrophic cardiomyopathy or obstructive 
hypertrophic cardiomyopathy.

	⇒ Known arrhythmogenic right ventricular cardiomyopathy.
	⇒ Known severe primary valvular heart disease.
	⇒ Known idiopathic, heritable or drug-induced pulmonary 
arterial hypertension.

	⇒ Heart transplantation or ventricular assist device.
	⇒ Complex congenital heart disease.

*Original text (diagnosis of HFpEF by a cardiologist with HF expertise, or a 
primary care physician with HF expertise, or a heart failure nurse) clarified 
in a protocol amendment.
†Note regarding LVEF: recruitment will be centrally monitored; the 
proportion of participants with LVEF 40–49% will be limited to no more 
than 25% of the cohort.
‡Original text (LVEF<40% (at screening or any previous measurement)) 
clarified in a protocol amendment.
HF, heart failure; LVEF, left ventricular ejection fraction.
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Blood sampling
Up to 50 mL of blood is collected and aliquoted (plasma (10 
aliquots), serum (10 aliquots), buffy coat (4 aliquots)), before 
being transferred for central storage at NIHR National Biosample 
Centre.

Substudies
Substudies will focus on specific aspects of HFpEF in addition to 
the core data set, involving investigators and sites with a partic-
ular interest. This approach ensures that the registry population 
is as representative of HFpEF as possible, while also providing 
a platform for more specific evaluations. Substudies will benefit 
from the data present in the wider registry, and the wider 
registry will benefit from data collected as part of the substudies. 
Substudies may include, for example, invasive assessments. 
Example substudies included from the outset are:

Exercise capacity
Where possible, in terms of site logistics and participant charac-
teristics, 6-min walk testing is performed.25

Cardiovascular MRI
Where participants are undergoing cardiovascular MRI (CMR) 
as part of their clinical care, a standardised protocol is advised 

(online supplemental appendix). This includes approximately 5 
min of additional research imaging above that considered part 
of the clinical scan. The pseudonymised DICOM images are 
uploaded to the study database, where they are available for 
central analysis.

Blood sample analyses
Multiple types of analyses will be performed on the donated 
samples including genomic, transcriptomic, proteomic, lipid-
omic, metabolomic and biochemical analyses, dependent on 
future funding. Participants provide consent for sequencing 
up to the level of the whole genome. Data generated from the 
samples will be linked with the other data.

Data flow and management
Figure 3 provides an overview of the flow and management of 
data. Data collected at sites are entered via a secure Research 
Electronic Data Capture (REDCap, version 12.4.11) web appli-
cation.26 Consent forms and pseudonymised ECGs are uploaded 
via REDCap, and pseudonymised echocardiogram and CMR 
DICOM files are uploaded via REDCap using a secure file 
transfer system (ownCloud V.10.11.0). In addition, patient-level 
data will be incorporated from national healthcare data services, 
such as NHS England, Digital Health and Care Northern Ireland 

Figure 2  UK Heart Failure with Preserved Ejection Fraction Registry (UK HFpEF) study design. Baseline assessments use data collected as part of 
clinical care supplemented with study-specific data. Recruitment to other heart failure with preserved ejection fraction (HFpEF)-related studies, such 
as clinical trials and evaluation of diagnostics, will be supported. Follow-up will be incorporated from national healthcare data services. See text for 
further details. Figure created with BioRender.com.
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(Northern Ireland), Research Data Scotland (Scotland) and 
Secure Anonymised Information Linkage Databank for Wales 
(Wales). Such data include primary care, community dispensing, 
hospital episode and death registry data.

Data are stored in an accredited Trusted Research Environ-
ment in collaboration with the BHF Data Science Centre, part 
of Health Data Research UK, the UK’s Institute for Health data 
science. The Trusted Research Environment enables highly 
secure and privacy-preserving data storage, access, sharing, 
analysis and linkage in a well-governed environment. Access, 
determined by the Executive Steering Committee, is controlled, 
secure and role based on a named person basis only, with indi-
vidual user authentication. The Trusted Research Environment 
provides an accredited platform to enable data sharing frame-
work agreements with national data organisations and services, 
allowing the data described above to be incorporated and linked 
at participant level. It also provides an analysis environment that 
supports statistical software. Activity is audited and outputs are 
reviewed by the Executive Steering Committee before they are 
released. REDCap and ownCloud are hosted within the Trusted 
Research Environment.

Participant confidentiality
Participants are given a unique participant identification number. 
Deidentified, pseudonymised study data are held in the ‘UK 
HFpEF Research Data’ database in the Trusted Research Envi-
ronment. Personal data and uploaded consent forms are held in 
a separate ‘UK HFpEF Consent & Personal Information’ data-
base in the Trusted Research Environment. The link between the 
pseudoidentifiers and participant personal details is kept securely 
in the Consent & Personal Information database. Only a small 
number of appropriately trained, named study team members 

determined by the Executive Steering Committee can access the 
identifiable information.

Stage 2 studies
A key aim of the study is to be a platform to support recruitment 
to other HFpEF-related studies, such as clinical trials of novel 
and repurposed therapies and evaluation of diagnostics. The 
genotyping and deep phenotyping mean that patients who meet 
recruitment criteria for other studies can be readily identified 
and contacted, enabling efficient recruitment and more effective 
research, for example, allowing mechanism of action of a new 
therapy to be matched with anticipated individual treatment 
response. The data linkage may be used to support collection 
of clinical outcomes for these other studies. Importantly, the 
process provides patients who would like to take part in other 
studies the opportunity to do so.

UK HFpEF participants are asked to provide consent to being 
contacted regarding up to four stage 2 studies in any 12-month 
period. It is generally expected that data generated from stage 2 
studies will be deposited in the UK HFpEF database.

Industry collaboration
In line with the NIHR–BHF Cardiovascular Partnership strategy, 
an important objective is to develop appropriate industry 
collaborations. Private sector partnership provides opportu-
nity for resource and expertise to support HFpEF research, 
and to access novel technologies at an early stage to facilitate 
innovative research and more rapid translation. The Executive 
Steering Committee will retain control of commercial relation-
ships, which are anticipated to be on a project-by-project basis. 
Multiple industry partners are expected rather than exclusivity. 
As a prerequisite, data generated must be deposited back into the 

Figure 3  UK Heart Failure with Preserved Ejection Fraction Registry (UK HFpEF) data flow and management. Data collected at sites are entered and 
uploaded via a secure web application. Patient-level data will be incorporated from national healthcare data services. Data are stored in an accredited 
Trusted Research Environment in collaboration with the British Heart Foundation Data Science Centre. See text for further details. NHS, National 
Health Service; SAIL, Secure Anonymised Information Linkage.
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study database. All participants are made aware of the potential 
for industry collaboration in the participant information sheet 
and are specifically asked to provide consent to their data and 
samples being shared with industry.

Additional methods are found in the online supplemental 
appendix.

DISCUSSION
UK HFpEF realises the full potential of the UK healthcare system 
and clinical research infrastructure for cardiovascular research. 
The study combines research-specific data, with clinical data 
available via individual patient records at sites, nationally 
held patient-level healthcare data, contemporary imaging and 
biobanking, at scale, from all four nations. It is supported by the 
NIHR–BHF Cardiovascular Partnership, which brings together 
NIHR and BHF research infrastructure, and the NIHR Clinical 
Research Network. It is a vanguard for the BHF Data Science 
Centre, specifically its ‘Enabling Cohorts’ thematic area, and 
samples are stored centrally in the NIHR National Biosample 
Centre. The study aims to link with similar projects interna-
tionally, such as the National Heart, Lung and Blood Institute 
(NHLBI) HeartShare programme,27 and other large studies 
investigating allied pathophysiology, such as the UK Pulmonary 
Arterial Hypertension Cohort Study.

Precision medicine requires detailed characterisation, at scale, 
and digital technologies to make sense of the data optimally. 
UK HFpEF will develop a rich, multimodal data resource that 
integrates deep clinical phenotyping, imaging, multiomics and 
electronic health records in a large cohort. Machine learning 
algorithms will be applied to reclassify HFpEF into subgroups, 
improve understanding of disease mechanisms underlying the 
development and progression of HFpEF and identify novel 
biological pathways, new molecular targets and validation of 
existing targets. Together, these will form the basis for devel-
oping diagnostics and targeted therapeutics specific to subgroups. 
Moreover, the study will be a platform for more effective and 
efficient trials, focusing on groups of patients in whom inter-
ventions are expected to be effective, with consent in place to 
facilitate rapid recruitment, and linkage in place for follow-up. 
While existing HF registries aim to address important knowl-
edge gaps, UK HFpEF will focus on HFpEF and combine exten-
sive phenotyping with genetic data at scale to enable systems 
biology approaches. Similar approaches have yielded important 
translational insights into other high burden diseases such as 
type 2 diabetes; however, a lack of available data sets has stymied 
the application of these approaches to HFpEF.

Previous attempts to reclassify HFpEF with machine learning 
techniques suggest that distinct subgroups may exist, but have 
been limited by sparse characterisation and often small retro-
spective cohorts. The resulting clusters have, therefore, been 
superficial and not advanced the field. The analysis of genetic 
susceptibility to HFpEF is likely to be important for deconvo-
luting causal factors and therapeutic targets: to date, however, 
genetic investigations have been restricted by sample size and 
limited phenotyping.

Recruitment criteria are pragmatic. There are no widely 
accepted evidence-based HFpEF diagnostic criteria, and the field 
is rapidly evolving. Requiring a diagnosis of HFpEF by a health-
care professional with specialist HF expertise provides speci-
ficity, and means the cohort reflects current practice. It was felt 
important to document natriuretic peptide levels in all patients, 
but given the lack of consensus regarding appropriate thresholds, 
and because levels are confounded by factors common to this 

patient group, no threshold is specified. Instead, the cohort will 
be used to develop new criteria, while also evaluating existing 
criteria and scoring systems.

An LVEF threshold of 40% was chosen, after extensive 
Steering Committee and working group discussion, for a number 
of reasons: (1) the guideline-designated LVEF cut-offs are 
recognised within the guidelines as being ‘arbitrary’1; (2) LVEF 
measurement is associated with substantial variation28; (3) of the 
eight phase III HFpEF trials currently listed on ​ClinicalTrials.​
gov as ‘recruiting’ or ‘active not recruiting’, seven have an entry 
LVEF criterion of less than 50%, and thus an LVEF threshold of 
40% permits investigation of the patients that are being included 
in HFpEF trials29; and (4) fundamentally, the aim of the study is 
to move the field forward, so that patient evaluation and inter-
vention become based on the underlying biology.

Including patient-level linked electronic medical, health and 
social care record data from national data services provides 
several advantages. It will add retrospective information to 
enrich medical history data, and prospective information to 
enable longitudinal follow-up of health-related outcomes. Less 
manual data input is required, and as more data become available 
via national services, manual data input should reduce further. 
Community-prescribing data are accurate and contemporary, 
and hospital episode and death data, which would otherwise be 
challenging to collect at scale, are comprehensive.

Having raw DICOM image data available centrally will facili-
tate development and application of current and future AI image 
analysis algorithms, data from which will be incorporated into 
the wider machine learning analyses. The study provides the 
opportunity for synergistic training and development of clini-
cally and non-clinically trained individuals.

In summary, UK HFpEF will develop a rich, multimodal data 
resource to enable novel understanding of HFpEF, which will 
form the basis for more effective diagnostic strategies, precise 
risk stratification and targeted therapies.
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