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ABSTRACT
Introduction Heart failure (HF) is a complex clinical 
syndrome. Accurate risk stratification and early diagnosis 
of HF are challenging as its signs and symptoms are non- 
specific. We propose to address this global challenge by 
developing the STRATIFYHF artificial intelligence- driven 
decision support system (DSS), which uses novel analytical 
methods in determining the risk, diagnosis and prognosis 
of HF. The primary aim of the present study is to collect 
prospective clinical data to validate the STRATIFYHF DSS 
(in terms of diagnostic accuracy, sensitivity and specificity) 
as a tool to predict the risk, diagnosis and progression of 
HF. The secondary outcomes are the demographic and 
clinical predictors of risk, diagnosis and progression of HF.
Methods and analysis STRATIFYHF is a prospective, 
multicentre, longitudinal study that will recruit up to 1600 
individuals (n=800 suspected/at risk of HF and n=800 
diagnosed with HF) aged ≥45 years old, with up to 24 
months of follow- up observations. Individuals suspected 
of HF will be divided into two categories based on current 
definitions and predefined inclusion criteria. All participants 
will have their medical history recorded, along with data 
on physical examination (signs and symptoms), blood 
tests including serum natriuretic peptides levels, ECG 
and echocardiogram results, as well as demographic, 
socioeconomic and lifestyle data, and use of complete 
novel technologies (cardiac output response to stress 
test and voice recognition biomarkers). All measurements 
will be recorded at baseline and at 12- month follow- up, 

with medical history and hospitalisation also recorded 
at 24- month follow- up. Cardiovascular MRI assessment 
will be completed in a subset of participants (n=20–40) 
from eligible clinical centres only at baseline. Each clinical 
centre will recruit a subset of participants (n=30) who 
will complete a 6- month home- based monitoring of 
clinical characteristics and accelerometry (wrist- worn 
monitor) to determine the feasibility and acceptability of 
the STRATIFYHF mobile application. Focus groups and 
semistructured interviews will be conducted with up to 15 
healthcare professionals and up to 20 study participants 
(10 at risk of HF and 10 diagnosed with HF) to explore the 

STRENGTHS AND LIMITATIONS OF THIS STUDY
 ⇒ STRATIFYHF will recruit patients suspected of or at 
risk of heart failure and those diagnosed with heart 
failure from eight clinical centres across Europe and 
will follow them over multiple time points.

 ⇒ STRATIFYHF will encompass novel technologies 
(cardiac output response to stress test and voice 
recognition) in improving risk stratification and di-
agnostic strategies for heart failure.

 ⇒ STRATIFYHF will involve stakeholders (healthcare 
professionals and patients) prior to the development 
of the decision support system and acceptability of 
the mobile app.

 ⇒ A limitation of STRATIFYHF is that not all participants 
will have access to the mobile app.
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needs of patients and healthcare professionals prior to the development 
of the STRATIFYHF DSS and to evaluate the acceptability of this mobile 
application.
Ethics and dissemination Ethical approval has been granted by the East 
Midlands - Leicester Central Research Ethics Committee (24/EM/0101). 
Dissemination activities will include journal publications and presentations 
at conferences, as well as development of training materials and delivery 
of focused training on the STRATIFYHF DSS and mobile application. 
We will develop and propose policy guidelines for integration of the 
STRATIFYHF DSS and mobile application into the standard of care in the 
HF care pathway.
Trial registration number NCT06377319.

INTRODUCTION
Heart failure (HF) is a complex clinical syndrome asso-
ciated with impaired heart function during exertion and 
often at rest.1 It is associated with poor prognosis and 
quality of life, along with high healthcare costs.1 HF is a 
global pandemic affecting at least 64.3 million individ-
uals worldwide2 and 15 million individuals in Europe.3 
The prevalence of HF is ~2% (~15 million people) in the 
general population and >10% in those over 70 years of 
age.4 The incidence of HF is greater in men, but trends 
suggest women have a higher prevalence starting at 79 
years old.3 5 HF morbidity exhibits an upward trend, 
shown by a 12% increase in diagnosed cases over the last 
decade due to prolonged survival rates and ageing popu-
lation.3 6

Accurate prediction of risks, diagnosis and disease 
progression of HF allows implementation of evidence- 
based prevention and treatment strategies to reduce HF 
morbidity and mortality and its burden on healthcare. 
However, there is strong evidence to suggest that HF is 
often misdiagnosed or underdiagnosed in the primary 
care setting.7 8 General practitioners (GPs) play an influ-
ential role in gatekeeping by identifying the signs and 
symptoms of HF for early diagnosis and accurate referral 
to specialist care.9 Clinical guidelines for HF recommend 
the use of risk stratification models to estimate prognosis; 
however, these are limited and not implemented in clin-
ical practice.1

Patients suspected of HF often present in primary care 
with signs and symptoms that include breathlessness, 
oedema and fatigue.1 10 Early diagnosis is challenging 
to GPs and is often inaccurate as initial signs and symp-
toms are non- specific and do not discriminate from other 
conditions such as obesity and lung disease.1 11 Currently, 
GPs rely on patients’ medical history, physical examina-
tion, blood test (serum natriuretic peptides, NTproBNP 
[N- terminal pro b- type natriuretic peptide]) and ECG 
to make clinical decisions on HF.1 10 Serum natriuretic 
peptide (NTproBNP) blood test has high sensitivity in 
ruling out HF12; however, its low specificity (65%) results 
in a high number of false positives.7 13–16 In cases where 
the blood test cannot rule out HF, patients are referred 
to secondary care for an ultrasound of the heart and a 
specialist review from a consultant cardiologist to confirm 
or refute a diagnosis. Regrettably, GPs and cardiologists 

have no access to adequate risk stratification tools to 
further enhance their clinical judgement on HF. This has 
resulted in up to two- thirds of HF- suspected patients not 
having their HF confirmed following echocardiography 
and specialist review.17–21 Hence, there is a huge clinical 
demand for novel risk stratification tools to enhance the 
early and accurate diagnosis of HF and to predict the risk 
and progression of HF in primary (GPs) and secondary 
(cardiologists) care.

STRATIFYHF aims to collect data to develop, validate 
and implement the first artificial intelligence (AI)- based 
decision support system (DSS) to assess and predict the 
risk of development, provide early diagnosis and deter-
mine the progression of HF. STRATIFYHF will integrate 
(1) patient- specific data, that is, demographic, clinical, 
genetic, lifestyle and socioeconomic data; (2) an AI- based 
digital patient library and AI- driven algorithms for risk 
stratification, early diagnosis and disease progression of 
HF; and (3) a highly innovative multifunctional AI- based 
DSS and mobile application for informing patient- 
centred, personalised prevention and treatment strate-
gies for HF. STRATIFYHF has the potential to change the 
way HF is managed today, thereby improving the quality 
of life and life expectancy of patients’ lives. STRATI-
FYHF will actively drive innovation in Europe’s medical 
diagnostics industry by providing a new AI DSS for risk 
stratification, diagnosis and prognosis of HF at primary 
and secondary care levels. The STRATIFYHF DSS will 
integrate existing and novel technologies and develop 
an innovative mobile application for healthcare profes-
sionals and patients. Our solution will lead towards an 
efficient and sustainable healthcare system and will aim 
to reduce the number of HF- related hospital admissions 
and deaths, as well as unnecessary referrals from primary 
to secondary care.

The present study will collect prospective clinical data 
to validate the STRATIFYHF DSS as a tool to predict 
the risk, diagnosis and progression of HF in primary 
and secondary care and to determine the feasibility and 
acceptability of the mobile application. To achieve this, 
the aim of the present study is to capture longitudinal 
observations of the existing tools used to monitor HF 
along with novel technologies in individuals at risk of HF 
and those diagnosed with HF.

METHODS AND ANALYSIS
Study design, setting and ethics
This study is a prospective, multicentre longitudinal study 
(NCT06377319), with a planned start date of 1 October 
2024 and an end date of 31 May 2027. The trial sponsor 
is Coventry University, UK. Ethical approval for the UK 
sites has been granted by the East Midlands - Leicester 
Central Research Ethics Committee (24/EM/0101) 
under protocol version 2.0 on 30 May 2024. Any future 
amendment will be submitted for HRA (Health Research 
Authority) and National Health Service (NHS) ethical 
approval and then published on the trial registry 
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(NCT06377319). Eligible patients will be identified by 
each participating clinical centre and contacted by a 
member of the study research team. Eight clinical centres 
(Newcastle upon Tyne Hospitals NHS Foundation Trust, 
Newcastle upon Tyne; University Hospitals Coventry and 
Warwickshire, Coventry; Cambridge University Hospi-
tals NHS Foundation Trust; University Medical Centre 
Regensburg, Regensburg; Careggi University Hospital, 
Florence; Institute of Cardiovascular Diseases, Vojvodina, 
Sremska Kamenica; Julius Centre for Health Sciences and 
Primary Care, Utrecht; Hospital Universitario Ramón 
y Cajal, Madrid) will recruit up to 1600 patients (200 
patients per centre, ~50% female) within a 24- month 
recruitment window, with a recruitment target of eight to 
nine patients per month. Follow- up data will be collected 
at 12 months and optionally at 24 months.

Sample size
Up to 1600 participants ≥45 years old of age will be 
recruited for the study. With an anticipated dropout rate 
of 20% during follow- up assessments, it is estimated that 
1600 participants will be sufficient to achieve high speci-
ficity and sensitivity. This sample size will also be sufficient 
to evaluate the accuracy of prediction and diagnosis of 
different types of HF based on the most recent guide-
lines1 (ie, heart failure with reduced ejection fraction 
(HFrEF), heart failure with mildly reduced ejection frac-
tion (HFmrEF), heart failure with improved ejection frac-
tion (HFimpEF) and heart failure with preserved ejection 
fraction (HFpEF)), assuming a sensitivity of at least 90%, 
with a margin of error of 12%, and a prevalence of HFpEF 
of ~50% in patients with a diagnosis of HF.

Recruitment
The Newcastle upon Tyne Hospitals NHS Foundation 
Trust, University Hospitals Coventry and Warwickshire, 
Cambridge University Hospitals NHS Foundation Trust 
and Julius Centre for Health Sciences and Primary Care, 
Utrecht will recruit individuals at risk of HF via either 
primary care (GP practices), direct access echocardiog-
raphy or secondary care (cardiology department). The 
University Medical Centre Regensburg, Regensburg; 
Careggi University Hospital, Florence; Institute of Cardio-
vascular Diseases, Vojvodina, Sremska Kamenica; and 
Hospital Universitario Ramón y Cajal, Madrid will recruit 
individuals already diagnosed with HF from secondary 
care.

Eligible participants will be sent a participant infor-
mation sheet. A member of the study research team will 
contact the participants to see if they are interested in 
participating in the study. Consent forms will be signed 
by the participant and countersigned by a member of the 
study team either prior to the research visit or on the first 
research visit. A copy of a sample consent form is found 
in the online supplemental materials file. A recruitment 
target of eight to nine patients per month is expected 
from each clinical centre. Recruitment will be completed 

during the first 24 months and will allow a follow- up 
period of up to 24 months.

The percentage of recruited patients diagnosed or 
hospitalised with HF (ie, from secondary care sites) will 
reflect the current classification of HF (ie, HFrEF: ~40%, 
ie, 80 patients per centre; HFmrEF: ~20%, ie, 40 patients 
per centre; HFpEF: ~40%, ie, 80 patients per centre). We 
will recruit 50% female participants for the at- risk and 
those diagnosed with HF.

Inclusion and exclusion criteria
Inclusion criteria for patients at risk of HF
Individuals ≥45 years of age at risk of developing HF will be 
divided into two categories based on current definitions22: 
(1) patients with current or prior symptoms or signs of 
HF (ie, shortness of breath at rest, paroxysmal nocturnal 
dyspnoea, orthopnoea and pleural effusion) without 
structural, biomarker or known genetic markers of heart 
disease, but with evidence of one of the following: hyper-
tension, type 2 diabetes mellitus, obesity (body mass index 
≥30 kg/m2), known exposure to cardiotoxins (based on 
cancer treatment) or family history of cardiomyopathy; 
and (2) patients with current or prior symptoms or signs 
of HF and with evidence of one of the following: struc-
tural heart disease (eg, left ventricular (LV) hypertrophy, 
chamber enlargement, wall motion abnormality and 
significant valvular disease), abnormal cardiac function 
(eg, reduced LV without signs and/or symptoms of HF or 
right ventricular systolic function, evidence of increased 
filling pressures or abnormal diastolic function), elevated 
natriuretic peptide (NTproBNP >400 ng/L) or elevated 
cardiac troponin on exposure to cardiotoxin. All patients 
must be willing to visit the clinical research facility and 
able to provide written informed consent.

Inclusion criteria for patients with confirmed diagnosis of HF
Individuals ≥45 years of age with a confirmed diagnosis 
of HF according to guidelines (ie, HFrEF, HFmrEF, 
HFimpEF, HFpEF)1 or hospitalisation due to HF over 
the previous 24 months, are willing to visit the clinical 
research facility and are able to provide written informed 
consent will be included.

Exclusion criteria for at-risk individuals and patients diagnosed 
with HF
Participants will be excluded if they meet the following 
criteria: inability to provide verbal informed consent; 
presenting with severe symptoms (NTproBNP/BNP 
(Brain natriuretic peptide) >2000 ng/L, hospitalised); 
major multimorbidity or other alternative diagnoses (eg, 
patients with a terminal diagnosis of cancer, patients 
in receipt of oxygen therapy or with oxygen saturation 
at rest <92%, severe mental health); recent acute coro-
nary syndrome (within 60 days); severe physical disability 
preventing independence; scheduled or implanted pace-
maker or cardio- defibrillator in the last 3 months; severe 
renal insufficiency (estimated GFR (Early glomerular 
filtration rate) ≤15 mL/min/1.73 m² or in receipt of 
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dialysis); present or planned pregnancy, which will limit 
performance of the cardiac output response to stress 
(CORS) test; and life expectancy of less than 12 months.

Study assessments
During the first visit, participants will undergo screening to 
ensure they meet the inclusion/exclusion criteria. Partici-
pants will be provided with the opportunity to ask further 
questions and will then be requested to provide written 
informed consent, which would be either returned to the 
post prior to the first appointment or completed at the 
first research visit. Participants will be informed that they 
can withdraw from the study at any point without giving 
reasons and without their medical care being affected. If 
the participant becomes ineligible at any point during the 
study, they will be withdrawn. All data will be recorded on 
standardised case report forms across the eight centres 
and imported into REDCap.

Eligible participants will attend two visits (ie, baseline 
and follow- up clinical assessments at month 12) at the 
clinical research site of the participating clinical centres. 
Each visit will last approximately 2.5 hours. An additional 
visit will be arranged in a subset of 20–40 participants per 
clinical centre who will undergo cardiac magnetic reso-
nance (CMR) imaging assessment. Further monitoring of 
patient outcomes (eg, hospitalisation) will be performed 
via examination of medical records and telephone calls to 
patients. Table 1 provides a summary of the investigations 

to be completed at the different time points of the study. 
Participant retention is a key component of this study. 
Participants will be kept informed throughout the visits, 
and a follow- up call prior to the 12- month visit will be 
made to ensure they are happy to continue with the study. 
Another subset of the first 30 participants per clinical 
centre (ie, a total of 240 participants) who have provided 
consent for the mobile application will be invited to 
undergo daily monitoring of their body weight, blood 
pressure, ECG and physical activity for 6 months using 
weighing scale, ambulatory blood pressure monitor, 
activity diary and a smart watch (Withings ScanWatch 2, 
France).

Medical history, physical examination, anthropometrics and 
body composition
After providing informed consent, a review of partic-
ipants’ medical history will be performed, along with a 
physical examination, including body weight and height, 
which will be measured using a hospital- based scale and 
stadiometer. The amount of fat and muscle in the body 
will be assessed using bioimpedance or other appropriate 
methods. In case of contraindications, only anthropo-
metrics (weight, height and waist circumference) will be 
measured. Data on medications, GP visits, admissions, 
referrals and presentation with new symptoms/complica-
tions will be recorded. Medical history will be recorded at 
baseline and at 12- month and 24- month follow- up. Phys-
ical examination and anthropometrics will be completed 
at baseline and at 12- month follow- up.

Blood samples
A blood sample will be taken from the antecubital vein. 
The blood sample will be assessed for cardiac biomarkers 
(serum natriuretic peptides (NTproBNP), troponin, 
total protein, creatine kinase myocardial band, BNP), 
lipid profile (total cholesterol, high- density lipopro-
tein cholesterol, low- density lipoprotein cholesterol), 
triglycerides, blood profile (erythrocyte, leucocyte and 
thrombocyte counts, haemoglobin, mean corpuscular 
volume, mean corpuscular haemoglobin concentration), 
glucose, HbA1c (glycated hemoglobin), markers of renal 
function (albumin, urea, creatinine, eGFR [early glomer-
ular filtration rate]), markers of liver function (aspartate 
aminotransferase, alanine transaminase, gamma- glutamyl 
transpeptidase, bilirubin), calcium, potassium, sodium, 
uric acid, markers of inflammation (C reactive protein) 
and thyroid- stimulating hormone. Blood samples will be 
collected at baseline and at 12- month follow- up.

Quality-of-life questionnaires
All participants will be asked to complete the Short 
Form- 36 quality- of- life questionnaire.23 In addition, 
participants diagnosed with HF will be asked to complete 
the validated Minnesota Living with Heart Failure ques-
tionnaire.24 The quality- of- life questionnaires will be 
completed at baseline and at 12- month follow- up.

Table 1 Study timeline, schedule of enrolment and 
assessments

Assessment Baseline

Follow- up 
(months)

12 24

Inclusion/exclusion criteria ✓ – –

Informed consent ✓ – –

Medical history ✓ ✓ ✓

Physical examination/
anthropometrics

✓ ✓ –

Electrocardiography ✓ ✓ –

Echocardiography ✓ ✓ –

Blood sample ✓ ✓ –

Exercise stress (CORS) test ✓ ✓ –

Questionnaires (quality of life, 
health economics)

✓ ✓ –

Voice recording ✓ ✓ –

CMR imaging ✓ – –

Hospitalisation (and length of 
stay)

– ✓ ✓

Home- based monitoring ✓ – –

Focus group and interviews ✓ ✓ –

CMR, cardiac magnetic resonance; CORS, cardiac output 
response to stress.

 on January 10, 2025 by guest. P
rotected by copyright.

http://bm
jopen.bm

j.com
/

B
M

J O
pen: first published as 10.1136/bm

jopen-2024-091793 on 7 January 2025. D
ow

nloaded from
 

http://bmjopen.bmj.com/


5Charman SJ, et al. BMJ Open 2025;15:e091793. doi:10.1136/bmjopen-2024-091793

Open access

Health economics
A health economics analysis will be performed based 
on the clinical records of participants’ use of healthcare 
facilities related to HF (including visits to GP, cardiology 
department, rehabilitation and other specialist services), 
clinical investigations completed and medication use. 
The health economics analysis will be completed at base-
line and at 12- month follow- up.

Cardiovascular function
An ECG will be performed using a standard 12- lead ECG 
in the supine position. Cardiac autonomic function, that 
is, heart rate variability, will be assessed using non- invasive 
methods integrated into the ECG device.

Transthoracic echocardiography, including colour and 
tissue Doppler, will be performed at rest and in response 
to Valsalva manoeuvre. Real- time images will be acquired 
in the standard parasternal (long- axis) and apical (apical 
four- chamber, apical two- chamber and apical long- axis) 
views, for which three cardiac cycles will be recorded. 
Parasternal short- axis views will be acquired at three 
levels: basal (at the mitral valve level), midpapillary and 
apical (minimum cavity distal to the papillary muscle 
level). Parasternal long axis of the right ventricle and 
right ventricular outflow tract will be monitored. Peak 
velocity of the LV outflow tract will be recorded from the 
apical five- chamber view by pulse Doppler, used to calcu-
late pressure gradient. Apical four- chamber view will be 
used for right ventricular evaluation.

At the Coventry University site only, arterial stiffness, 
as a measure of arterial function, will be assessed using 
the non- invasive SphygmoCor device, which allows for 
both pulse wave analysis and pulse wave velocity to be 
performed non- invasively using gold standard tech-
niques. The measurement is simple and painless, taking 
only a few minutes to perform. While the participant is in 
a comfortable supine position, the researcher will place 
a tonometer (pencil- like sensor) gently against the wrist, 
which will record blood pressure signal from the pulse. 
Cardiovascular function will be recorded at baseline and 
at 12- month follow- up.

CMR imaging assessment
On the informed consent form, participants will be able 
to opt in to participate in the CMR imaging assessment. 
Eligible centres will undertake CMR imaging assessment 
in a subset of 20–40 eligible participants who have not 
had CMR imaging assessment over the previous 6 months 
or have no contraindications to CMR imaging studies 
as determined by a cardiologist or a qualified radiogra-
pher. There will be a subset of 20–40 participants opting 
in to participate in this part of the study. Participants 
will undergo cardiac cine imaging to evaluate cardiac 
morphology and systolic and diastolic functions. These 
measurements will be taken according to standard 
imaging protocol of the clinical testing facility. The CMR 
imaging assessment will be recorded at baseline only.

CORS test
Participants will then be connected to a bioreactance 
non- invasive cardiac output monitor (NICOM, Starling, 
Baxter, USA), which we have previously evaluated.25–28 
The method uses four pairs of electrodes placed on the 
front side of the upper and lower thorax (similar to ECG). 
Bioreactance is a novel method for continuous non- 
invasive cardiac function monitoring. It estimates cardiac 
output by analysing the frequency of relative phase 
shift of electronic current delivered across the thorax. 
Measurements will be performed using the protocol we 
have recently developed,18 29 30 consisting of three phases: 
3 min rest (supine) phase, 3 min challenge (standing) 
phase and 3 min stress (exercise step test) phase. The 
CORS test will be completed at baseline and at 12- month 
follow- up.

Voice recording assessment
Subtle changes in speech pattern have emerged as a 
tool to risk- stratify, diagnose and monitor cardiovascular 
conditions.31 Participants will be seated in a quiet room 
in the clinical research facility to complete the recording. 
Participants’ voices will be audio- recorded for up to 5 min 
while they read a standardised text aloud. The recorder 
will be started just before the patient starts to read the 
text and will be stopped at the end of the task. The stan-
dardised text will be translated to different languages to 
ensure diversity and inclusion are achieved. The audio 
file will be transferred to a computer and then processed 
using a dedicated software available from Praat (https://
www.fon.hum.uva.nl/praat/). The software extracts rele-
vant voice features after low- level acoustic features and 
sudden impulsive noise have been removed using spectral 
noise gating and voice processing techniques.32 Extracted 
voice features are presented in numerical values and will 
be stored in a password- protected computer for further 
analysis using machine learning and AI. The voice 
recording assessment will be recorded at baseline and at 
12- month follow- up.

Home-based monitoring
Participants will have the opportunity to opt in to partic-
ipate in the home- based monitoring. Thirty participants 
per centre will undertake home- based monitoring of body 
weight, blood pressure, accelerometry and electrocardi-
ography during 6 months of follow- up. Participants will be 
selected from the first 30 participants who have opted in 
to participate in this part of the study. Participants who 
do not have access to body weight scale or blood pressure 
monitor at home will be provided the same by the local 
research team. Accelerometry and electrocardiography 
will be monitored using a wrist- worn watch (ScanWatch 
2, Withings, France).

Focus groups and semistructured interviews
Coventry University and Newcastle University will 
complete this part of the project. Participants will be 
able to opt in to participate in the focus groups and 

 on January 10, 2025 by guest. P
rotected by copyright.

http://bm
jopen.bm

j.com
/

B
M

J O
pen: first published as 10.1136/bm

jopen-2024-091793 on 7 January 2025. D
ow

nloaded from
 

https://www.fon.hum.uva.nl/praat/
https://www.fon.hum.uva.nl/praat/
http://bmjopen.bmj.com/


6 Charman SJ, et al. BMJ Open 2025;15:e091793. doi:10.1136/bmjopen-2024-091793

Open access 

semistructured interviews. A separate participant infor-
mation sheet and informed consent for healthcare 
professionals will be created for this part of the project. 
Focus groups and semistructured interviews with up to 15 
healthcare professionals (50% female) and up to 20 study 
participants (ie, 10 at risk of HF and 10 diagnosed with 
HF; 50% female) will be conducted to explore the needs 
of the participants and healthcare professionals prior to 
the development of the DSS and to evaluate the accept-
ability of the mobile application. We expect the focus 
groups and semistructured interviews to be conducted at 
baseline and at 6- month and 12- month follow- up.

An online training programme on how to use the DSS 
will be codesigned with input from healthcare profes-
sionals. The training programme will be delivered face- 
to- face to GPs, cardiologists and nurses by a trained 
researcher. A stand- alone online training programme will 
also be made available.

Primary and secondary outcome measures
Outcome measures
For the at- risk population, the primary outcome is the 
collection of prospective data to determine the diag-
nostic accuracy (ie, sensitivity and specificity) of the 
STRATIFYHF DSS in predicting the risk of developing 
HF within 12 months. The secondary outcome is identi-
fication of demographic and clinical predictors of risk, 
diagnosis and progression of HF. Data to determine the 
diagnostic accuracy (sensitivity and specificity) of the 
STRATIFY DSS in predicting risk, diagnosis and progres-
sion of HF will include data on medical history, physical 
examination (signs and symptoms), blood tests including 
serum natriuretic peptides (NTproBNP), ECG, echo-
cardiogram, CMR imaging assessment, in addition to 
genetic testing as appropriate (ie, hypertrophic cardio-
myopathy), as well as sociodemographic data, including 
economic and lifestyle data, along with use of novel 
technologies including CORS test and voice recording 
assessment.

Data collection storage and monitoring
Data will be collected by the research team at each clin-
ical centre and only individuals authorised by the chief 
investigator at each site will have access to the data. All 
data will be processed in accordance with the UK General 
Data Protection Regulation 2016 and the Data Protection 
Act 2018, as well as European General Data Protection 
Regulation 2016 laws. All data will be stored securely and 
will be pseudonymised with study IDs. The data will be 
accessible only to authorised project staff and backed 
up daily with a highly available offsite mirror. The audio 
recordings for the focus groups and semistructured inter-
views will be destroyed once they have been transcribed. 
The audio files for the voice recording assessment will 
be processed at each clinical centre and then destroyed 
once analysis has been completed. Data will be archived 
in accordance with NHS ethics.

Assessment, reporting and documentation of study events
As this is a prospective, multicentre longitudinal study 
using existing and novel technologies, we do not antic-
ipate adverse events and/or reactions. However, where 
they occur, the standard clinical operating procedure for 
the reporting site will be followed. A study report detailing 
all procedures and events will also be presented by each 
clinical partner at the end of the project. In case of an 
adverse event or reaction, this will be reported according 
to Good Clinical Practice and documented within the 
official study documentation, with immediate commu-
nication to the study steering group, ethical adviser and 
research ethics committee.

Data analysis methods
The central component of the DSS will be a model 
constructed using machine learning algorithms based 
on the acquired medical data. Since patients’ data are 
collected from various clinics, this necessitates the stan-
dardisation of observed patient features, value ranges and 
measurement units, as well as handling of missing values. 
To address this, we will employ techniques ranging from 
imputing values based on similarity in the data space to 
matrix factorisation, with the primary goal of ensuring 
consistency and coherence of the data set. The training 
data will be transformed so that each instance represents 
a specific moment in the time sequence of patient care. 
The current clinical picture and a summary of previous 
measurements will serve as independent variables, while 
the time to diagnosis of HF (a known value, as it is based 
on retrospective data) will be the target variable.

After the training phase, the model will be able to 
predict the time to the onset of HF based on the dynamics 
of changes in the patient’s clinical picture. This predicted 
value will form the basis for risk stratification of HF, 
enabling the analytical tool to identify patients at the 
highest risk who require the most urgent care. Addition-
ally, identifying patterns in the sequence of changes in 
the clinical picture across patient observations will allow 
the tool to predict disease progression over time, facili-
tating early interventions and preventing severe compli-
cations. For classification and regression modelling, 
contemporary machine learning algorithms will be used, 
such as neural networks (deep learning), random forests, 
support vector machines and gradient boosting.

To ensure transparency in the decision- making process, 
we will provide explanations for all of the model’s predic-
tions, detailing the positive and negative contributions of 
individual patient features towards or against a specific 
class (LIME (Local Interpretable Model- agnostic Expla-
nations), Shapley values, etc). This transparency will 
enable medical experts to validate predictions, thereby 
enhancing trust in the operation of the entire DSS.

The quality of the predictions will be assessed using 
cross- validation, ensuring that the tool’s recommenda-
tions are robust and broadly applicable. The DSS will be 
evaluated using the data gathered, and different metrics 
such as sensitivity, specificity, F1 and R2 will be reported. 
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Where possible, an independent clinical test set from the 
University of Florence will be used to independently vali-
date the model’s accuracy and reliability.

Patient and public involvement
Patients or the public were involved in the design, or 
conduct, or reporting or dissemination plans of the 
research. Patients or the public were involved in the 
design of the DSS and in the development of the mobile 
app.

Dissemination policy
The STRATIFYHF project implements a structured syner-
gistic approach to implementing all outreach activities. 
For dissemination measures, STRATIFYHF commits to 
open science practices, complying with the Horizon 
Europe programme. Data will be analysed and published 
in peer- reviewed journals and presented at national and 
international conferences. We will create online training 
materials for healthcare providers interested in STRAT-
IFYHF’s approach to an efficient risk stratification and 
diagnosis of HF in the form of videos from key experts 
in the project. These will be made freely available on the 
project website and shared with the Physicians’ Academy 
for Cardiovascular Education. At the end of the study, all 
participants will be provided with information about the 
study’s major findings. The study will be completed when 
study participants have completed the proposed research 
visits.

DISCUSSION
HF is a complex clinical syndrome1 and diagnosis 
continues to be highly challenging.1 11 The limited 
access to healthcare facilities with sufficient expertise to 
risk- stratify and diagnose HF has been identified by the 
World Heart Federation as a top barrier to early diagnosis 
in current clinical practice.33 There is therefore a huge 
clinical demand for novel risk stratification tools that 
will predict the risk of HF as well as enhance the early 
and accurate diagnosis and progression of HF in primary 
(GPs) and secondary (cardiologists) care.29 STRATIFYHF 
will shift the current clinical pathway by developing, eval-
uating and implementing novel, AI- driven risk stratifica-
tion and diagnostic tools to reduce the burden of HF in 
primary to secondary care.

Accurate risk stratification and early diagnosis of HF 
allow the implementation of evidence- based prevention34 
and treatment1 strategies, reducing HF morbidity and 
mortality12 and its burden on healthcare.1 10 35 Recent 
advances in risk stratification, diagnosis and prognosis of 
HF using machine learning and AI have presented some 
promising findings for improving current challenges.36–41 
The STRATIFYHF DSS and mobile application will revo-
lutionise the current diagnostic tools available for HF and 
will validate novel technologies to improve the quality 
of life and life expectancy of patients and reduce the 
economic burden of HF on healthcare systems worldwide. 

STRATIFYHF will equip primary and secondary health-
care professionals and patients with novel AI- based tech-
nologies (STRATIFYHF DSS and mobile application) that 
will allow risk stratification, early diagnosis and prediction 
of disease progression of HF. Such development will lead 
to prompt initiation of evidence- based prevention34 and 
treatment1 strategies, eliminate the need for patient refer-
rals from primary to secondary care and reduce hospital-
isation and mortality rates in HF.

Author affiliations
1Newcastle University Translational and Clinical Research Institute, Newcastle upon 
Tyne, UK
2Newcastle upon Tyne Hospitals NHS Foundation Trust, Newcastle upon Tyne, UK
3Centre for Health and Life Sciences, Coventry University - Coventry Campus, 
Coventry, UK
4University Hospitals Coventry and Warwickshire NHS Trust, Coventry, UK
5Department of General Practice, Julius Centre for Health Sciences and Primary 
Care, University Medical Centre Utrecht, Utrecht, The Netherlands
6University Hospital Careggi, Firenze, Italy
7Department of Internal Medicine II, University Hospital Regensburg, Regensburg, 
Germany
8University of Novi Sad Faculty of Medicine, Novi Sad, Serbia
9Institute of Cardiovascular Diseases of Vojvodina, Sremska Kamenica, Serbia
10Hospital Universitario Ramón y Cajal, Madrid, Spain
11Newcastle University Population Health Sciences Institute, Newcastle upon Tyne, 
UK
12Department of Public Health and Primary Care, Primary Care Unit, University of 
Cambridge, Cambridge, UK
13PKNM Solutions Sàrl, Colombier, Vaud, Switzerland
14Department of Economics, University of Barcelona, Barcelona, Spain
15University of Ljubljana Faculty of Computer and Information Science, Ljubljana, 
Slovenia
16Department of Biomedical Research, Foundation for Research and Technology - 
Hellas, Hellas, Greece
17Department of Cardiology, University Hospitals Coventry and Warwickshire NHS 
Trust, Coventry, UK
18Newcastle University Biosciences Institute, Newcastle upon Tyne, UK
19Centro de Investigación Biomédica en Red CIBER- CV, Instituto de Salud Carlos III, 
Madrid, Spain
20Experimental and Clinical Medicine, University of Florence, Firenze, Italy
21University of Belgrade Faculty of Medicine, Belgrade, Serbia
22BioIRC, Research and Development Center for Bioengineering, Kragujevac, Serbia
23University of Kragujevac Faculty of Mechanical Engineering, Kragujevac, Serbia

X Iacopo Olivotto @iacopo.olivotto

Collaborators STRATIFYHF investigators: Fatima Bano, Clinical Sciences and 
Translational Medicine Research Theme, Research Centre for Health and Life 
Sciences, Institute of Health and Wellbeing, Coventry University, Coventry, UK; 
Kate Williams, Primary Care Unit, Department of Public Health and Primary Care, 
University of Cambridge, Cambridge, UK; Alessandra Fornaro, Careggi University 
Hospital, University of Florence, Florence, Italy; Aleksandra Milovancev, Faculty of 
Medicine, University of Novi Sad, Novi Sad, Serbia, and Institute of Cardiovascular 
Diseases, Vojvodina, Sremska Kamenica, Serbia; Meritxell Ascanio, Department of 
Economics, University of Barcelona, Barcelona, Spain; Ainoa Aguera, Department of 
Economics, University of Barcelona, Barcelona, Spain; Matej Pičulin, University of 
Ljubljana, Faculty of Computer and Information Science, Ljubljana, Slovenia; Borut 
Flis, University of Ljubljana, Faculty of Computer and Information Science, Ljubljana, 
Slovenia; Dimitrios Boucharas, Department of Biomedical Research, Foundation 
for Research and Technology Hellas, Greece; Dimitris Manousos, Department of 
Biomedical Research, Foundation for Research and Technology Hellas, Greece; 
Manolis Tsiknakis, Department of Biomedical Research, Foundation for Research 
and Technology Hellas, Greece; Thomas Kassiotis, Department of Biomedical 
Research, Foundation for Research and Technology Hellas, Greece; Tijana Sustersic, 
Bioengineering Research and Development Center, BioIRC, Kragujevac, Serbia, 
and Faculty of Engineering, University of Kragujevac, Kragujevac, Serbia; Bogdan 
Milicevic, Bioengineering Research and Development Center, BioIRC, Kragujevac, 

 on January 10, 2025 by guest. P
rotected by copyright.

http://bm
jopen.bm

j.com
/

B
M

J O
pen: first published as 10.1136/bm

jopen-2024-091793 on 7 January 2025. D
ow

nloaded from
 

https://x.com/iacopo.olivotto
http://bmjopen.bmj.com/


8 Charman SJ, et al. BMJ Open 2025;15:e091793. doi:10.1136/bmjopen-2024-091793

Open access 

Serbia, and Faculty of Engineering, University of Kragujevac, Kragujevac, Serbia; FD 
Richard Hobbs, European Primary Care Cardiovascular Society, The Netherlands, 
and Oxford Primary Care, Radcliffe Primary Care Building, ROQ, University of Oxford, 
Oxford, UK; Ono Kaagman, European Primary Care Cardiovascular Society, The 
Netherlands.

Contributors Conceptualisation: DGJ, NF. Data curation: DGJ, SJC, NCO, AM, AF, 
ADF, MTa, AP, AM, CGS, ASF, DS, DE, APN, KW, FBar, PB, GAM, OF, JLZ, MJ- BB, 
LSM, IO, FHR, JM, LV, FBan. Formal analysis: ZB, PV, MP, BF, JD, PM, AZ, MA, AA. 
Funding acquisition: DGJ, NF. Investigation: all. Methodology: ZB, PV, MP, BF. Project 
administration: all. Resources: all. Software: ZB, PV, MP, BF, NF, MTs, TK, TS, BM, 
DF, DB, DM. Supervision: all. Validation: ZB, PV, MP, BF, NF, MTs, TK, TS, BM, DF, DB, 
DM. Visualisation: PMS, OK, FDRH. Roles/writing—original draft: DGJ, SJC, NCO. 
Writing—review and editing: all. DGJ is the guarantor.

Funding The study received funding from the European Union’s Horizon Europe 
research and innovation programme under grant agreement number 101080905, 
under the legal agreement as per STRATIFYHF SERI N° 23.00202 with the 
Federal Department of Economic Affairs, Education and Research (EAER), State 
Secretariat for Education, Research and Innovation (SERI), and Finance Research 
and Innovation/European Framework Programmes, for Suisse Confederation 
and UK Research and Innovation grant award with reference number 10073472. 
The funders have no role/influence in the design of the study, prospective data 
collection, analyses, interpretation of data and drafting of the manuscript.

Competing interests None declared.

Patient and public involvement Patients and/or the public were involved in the 
design, or conduct, or reporting, or dissemination plans of this research. Refer to 
the Methods section for further details.

Patient consent for publication Obtained.

Provenance and peer review Not commissioned; peer reviewed for ethical and 
funding approval prior to submission.

Supplemental material This content has been supplied by the author(s). It has 
not been vetted by BMJ Publishing Group Limited (BMJ) and may not have been 
peer- reviewed. Any opinions or recommendations discussed are solely those 
of the author(s) and are not endorsed by BMJ. BMJ disclaims all liability and 
responsibility arising from any reliance placed on the content. Where the content 
includes any translated material, BMJ does not warrant the accuracy and reliability 
of the translations (including but not limited to local regulations, clinical guidelines, 
terminology, drug names and drug dosages), and is not responsible for any error 
and/or omissions arising from translation and adaptation or otherwise.

Open access This is an open access article distributed in accordance with the 
Creative Commons Attribution Non Commercial (CC BY- NC 4.0) license, which 
permits others to distribute, remix, adapt, build upon this work non- commercially, 
and license their derivative works on different terms, provided the original work is 
properly cited, appropriate credit is given, any changes made indicated, and the use 
is non- commercial. See: http://creativecommons.org/licenses/by-nc/4.0/.

ORCID iDs
Sarah Jane Charman http://orcid.org/0000-0002-3029-7672
Amy Groenewegen http://orcid.org/0000-0003-2393-1927
Annamaria Del Franco http://orcid.org/0000-0003-1405-9436
David Sinclair http://orcid.org/0000-0002-3468-7475
Prithwish Banerjee http://orcid.org/0000-0001-7793-1733
Iacopo Olivotto http://orcid.org/0000-0003-1751-9266
Frans H Rutten http://orcid.org/0000-0002-5052-7332
Jonathan Mant http://orcid.org/0000-0002-9531-0268

REFERENCES
 1 McDonagh TA, Metra M, Adamo M, et al. 2021 ESC Guidelines for 

the diagnosis and treatment of acute and chronic heart failure. Eur 
Heart J 2021;42:3599–726. 

 2 James SL, Abate D, Abate KH, et al. Global, regional, and national 
incidence, prevalence, and years lived with disability for 354 
diseases and injuries for 195 countries and territories, 1990–2017: 
a systematic analysis for the Global Burden of Disease Study 2017. 
The Lancet 2018;392:1789–858. 

 3 Conrad N, Judge A, Tran J, et al. Temporal trends and patterns 
in heart failure incidence: a population- based study of 4 million 
individuals. Lancet 2018;391:572–80. 

 4 Maggioni AP. Epidemiology of Heart Failure in Europe. Heart Fail Clin 
2015;11:625–35. 

 5 Shin JJ, Hamad E, Murthy S, et al. Heart failure in women. Clin 
Cardiol 2012;35:172–7. 

 6 Taylor CJ, Ordóñez- Mena JM, Roalfe AK, et al. Trends in survival 
after a diagnosis of heart failure in the United Kingdom 2000- 2017: 
population based cohort study. BMJ 2019;364:l223. 

 7 Roberts E, Ludman AJ, Dworzynski K, et al. The diagnostic 
accuracy of the natriuretic peptides in heart failure: systematic 
review and diagnostic meta- analysis in the acute care setting. BMJ 
2015;350:h910. 

 8 National Institute for Health and Clinical. E, Chronic heart failure: 
national clinical guideline for diagnosis and management in primary 
and secondary care. 2010.

 9 Kwok CS, Burke H, McDermott S, et al. Missed Opportunities in the 
Diagnosis of Heart Failure: Evaluation of Pathways to Determine 
Sources of Delay to Specialist Evaluation. Curr Heart Fail Rep 
2022;19:247–53. 

 10 National Institute for Health and Care Excellence. Chronic heart 
failure in adults: diagnosis and management, NG106. London: Royal 
College of Physicians, 2018.

 11 Mant J, Doust J, Roalfe A, et al. Systematic review and individual 
patient data meta- analysis of diagnosis of heart failure, with 
modelling of implications of different diagnostic strategies in primary 
care. Health Technol Assess 2009;13:1–207. 

 12 Hobbs FDR, Doust J, Mant J, et al. Heart failure: Diagnosis of heart 
failure in primary care. Heart 2010;96:1773–7. 

 13 Taylor CJ, Rutten FH, Brouwer JR, et al. Practical guidance on heart 
failure diagnosis and management in primary care: recent EPCCS 
recommendations. Br J Gen Pract 2017;67:326–7. 

 14 Zaphiriou A, Robb S, Murray- Thomas T, et al. The diagnostic 
accuracy of plasma BNP and NTproBNP in patients referred from 
primary care with suspected heart failure: results of the UK natriuretic 
peptide study. Eur J Heart Fail 2005;7:537–41. 

 15 Doust JA, Glasziou PP, Pietrzak E, et al. A systematic review of the 
diagnostic accuracy of natriuretic peptides for heart failure. Arch 
Intern Med 2004;164:1978–84. 

 16 Roalfe AK, Lay- Flurrie SL, Ordóñez- Mena JM, et al. Long term trends 
in natriuretic peptide testing for heart failure in UK primary care: a 
cohort study. Eur Heart J 2021;43:ehab781:881–91:. 

 17 Khunti K, Squire I, Abrams KR, et al. Accuracy of a 12- lead 
electrocardiogram in screening patients with suspected heart failure 
for open access echocardiography: a systematic review and meta- 
analysis. Eur J Heart Fail 2004;6:571–6. 

 18 Charman SJ, Okwose NC, Taylor CJ, et al. Feasibility of the cardiac 
output response to stress test in suspected heart failure patients. 
Fam Pract 2022;39:805–12. 

 19 Kelder JC, Cramer MJ, van Wijngaarden J, et al. The diagnostic 
value of physical examination and additional testing in primary care 
patients with suspected heart failure. Circulation 2011;124:2865–73. 

 20 Fonseca C. Diagnosis of heart failure in primary care. Heart Fail Rev 
2006;11:95–107. 

 21 Fuat A, Hungin APS, Murphy JJ. Barriers to accurate diagnosis and 
effective management of heart failure in primary care: qualitative 
study. BMJ 2003;326:196. 

 22 Bozkurt B, Coats AJS, Tsutsui H, et al. Universal definition and 
classification of heart failure: a report of the Heart Failure Society 
of America, Heart Failure Association of the European Society of 
Cardiology, Japanese Heart Failure Society and Writing Committee of 
the Universal Definition of Heart Failure: Endorsed by the Canadian 
Heart Failure Society, Heart Failure Association of India, Cardiac 
Society of Australia and New Zealand, and Chinese Heart Failure 
Association. Eur J Heart Fail 2021;23:352–80. 

 23 Ware JE, Sherbourne CD. The MOS 36- item short- form health survey 
(SF- 36). I. Conceptual framework and item selection. Med Care 
1992;30:473–83.

 24 Riegel B, Moser DK, Glaser D, et al. The Minnesota Living With Heart 
Failure Questionnaire: sensitivity to differences and responsiveness 
to intervention intensity in a clinical population. Nurs Res 
2002;51:209–18. 

 25 Jakovljevic DG, Trenell MI, MacGowan GA. Bioimpedance and 
bioreactance methods for monitoring cardiac output. Best Pract Res 
Clin Anaesthesiol 2014;28:381–94. 

 26 Jones TW, Houghton D, Cassidy S, et al. Bioreactance is a reliable 
method for estimating cardiac output at rest and during exercise. Br 
J Anaesth 2015;115:386–91. 

 27 Jakovljevic DG, Moore S, Hallsworth K, et al. Comparison of cardiac 
output determined by bioimpedance and bioreactance methods at 
rest and during exercise. J Clin Monit Comput 2012;26:63–8. 

 28 Okwose NC, Chowdhury S, Houghton D, et al. Comparison of 
cardiac output estimates by bioreactance and inert gas rebreathing 

 on January 10, 2025 by guest. P
rotected by copyright.

http://bm
jopen.bm

j.com
/

B
M

J O
pen: first published as 10.1136/bm

jopen-2024-091793 on 7 January 2025. D
ow

nloaded from
 

http://creativecommons.org/licenses/by-nc/4.0/
http://orcid.org/0000-0002-3029-7672
http://orcid.org/0000-0003-2393-1927
http://orcid.org/0000-0003-1405-9436
http://orcid.org/0000-0002-3468-7475
http://orcid.org/0000-0001-7793-1733
http://orcid.org/0000-0003-1751-9266
http://orcid.org/0000-0002-5052-7332
http://orcid.org/0000-0002-9531-0268
http://dx.doi.org/10.1093/eurheartj/ehab368
http://dx.doi.org/10.1093/eurheartj/ehab368
http://dx.doi.org/10.1016/S0140-6736(18)32279-7
http://dx.doi.org/10.1016/S0140-6736(17)32520-5
http://dx.doi.org/10.1016/j.hfc.2015.07.015
http://dx.doi.org/10.1002/clc.21973
http://dx.doi.org/10.1002/clc.21973
http://dx.doi.org/10.1136/bmj.l223
http://dx.doi.org/10.1136/bmj.h910
http://dx.doi.org/10.1007/s11897-022-00551-4
http://dx.doi.org/10.3310/hta13320
http://dx.doi.org/10.1136/hrt.2007.139402
http://dx.doi.org/10.3399/bjgp17X691553
http://dx.doi.org/10.1016/j.ejheart.2005.01.022
http://dx.doi.org/10.1001/archinte.164.18.1978
http://dx.doi.org/10.1001/archinte.164.18.1978
http://dx.doi.org/10.1093/eurheartj/ehab781
http://dx.doi.org/10.1016/j.ejheart.2004.03.013
http://dx.doi.org/10.1093/fampra/cmab184
http://dx.doi.org/10.1161/CIRCULATIONAHA.111.019216
http://dx.doi.org/10.1007/s10741-006-9481-0
http://dx.doi.org/10.1136/bmj.326.7382.196
http://dx.doi.org/10.1002/ejhf.2115
https://pubmed.ncbi.nlm.nih.gov/1593914
http://dx.doi.org/10.1097/00006199-200207000-00001
http://dx.doi.org/10.1016/j.bpa.2014.09.003
http://dx.doi.org/10.1016/j.bpa.2014.09.003
http://dx.doi.org/10.1093/bja/aeu560
http://dx.doi.org/10.1093/bja/aeu560
http://dx.doi.org/10.1007/s10877-012-9334-4
http://bmjopen.bmj.com/


9Charman SJ, et al. BMJ Open 2025;15:e091793. doi:10.1136/bmjopen-2024-091793

Open access

methods during cardiopulmonary exercise testing. Clin Physiol Funct 
Imaging 2018;38:483–90. 

 29 Charman S, Okwose N, Maniatopoulos G, et al. Opportunities and 
challenges of a novel cardiac output response to stress (CORS) 
test to enhance diagnosis of heart failure in primary care: qualitative 
study. BMJ Open 2019;9:e028122. 

 30 Charman SJ, Okwose NC, Stefanetti RJ, et al. A novel cardiac 
output response to stress test developed to improve diagnosis 
and monitoring of heart failure in primary care. ESC Heart Fail 
2018;5:703–12. 

 31 Krittanawong C, Johnson KW, Rosenson RS, et al. Deep learning 
for cardiovascular medicine: a practical primer. Eur Heart J 
2019;40:2058–73. 

 32 Hasson F, Keeney S, McKenna H. Research guidelines for the Delphi 
survey technique. J Adv Nurs 2000;32:1008–15.

 33 World Heart Federation. Heart failure fact sheet. 2019.
 34 Visseren FLJ, et al. ESC Guidelines on cardiovascular disease 

prevention in clinical practice: Developed by the Task Force 
for cardiovascular disease prevention in clinical practice with 
representatives of the European Society of Cardiology and 12 
medical societies With the special contribution of the European 
Association of Preventive Cardiology (EAPC). Eur Heart J 
2021;42:3227–337.

 35 British Society for Heart Failure. National heart failure audit 2016- 
2017 summary report. 2018.

 36 Choi D- J, Park JJ, Ali T, et al. Artificial intelligence for the diagnosis 
of heart failure. NPJ Digit Med 2020;3:54. 

 37 Segar MW, Jaeger BC, Patel KV, et al. Development and Validation of 
Machine Learning- Based Race- Specific Models to Predict 10- Year Risk 
of Heart Failure: A Multicohort Analysis. Circulation 2021;143:2370–83. 

 38 Tohyama T, Ide T, Ikeda M, et al. Machine learning- based model for 
predicting 1 year mortality of hospitalized patients with heart failure. 
ESC Heart Fail 2021;8:4077–85. 

 39 Huang X, Yang S, Chen X, et al. Development and validation of 
a clinical predictive model for 1- year prognosis in coronary heart 
disease patients combine with acute heart failure. Front Cardiovasc 
Med 2022;9:9. 

 40 Pan Y, Li D, Ma J, et al. NT- proBNP test with improved accuracy 
for the diagnosis of chronic heart failure. Medicine (Baltimore) 
2017;96:e9181. 

 41 Lee KK, Doudesis D, Anwar M, et al. Development and validation 
of a decision support tool for the diagnosis of acute heart failure: 
systematic review, meta- analysis, and modelling study. BMJ 
2022;377:e068424. 

 on January 10, 2025 by guest. P
rotected by copyright.

http://bm
jopen.bm

j.com
/

B
M

J O
pen: first published as 10.1136/bm

jopen-2024-091793 on 7 January 2025. D
ow

nloaded from
 

http://dx.doi.org/10.1111/cpf.12442
http://dx.doi.org/10.1111/cpf.12442
http://dx.doi.org/10.1136/bmjopen-2018-028122
http://dx.doi.org/10.1002/ehf2.12302
http://dx.doi.org/10.1093/eurheartj/ehz056
https://pubmed.ncbi.nlm.nih.gov/11095242
http://dx.doi.org/10.1038/s41746-020-0261-3
http://dx.doi.org/10.1161/CIRCULATIONAHA.120.053134
http://dx.doi.org/10.1002/ehf2.13556
http://dx.doi.org/10.3389/fcvm.2022.976844
http://dx.doi.org/10.3389/fcvm.2022.976844
http://dx.doi.org/10.1097/MD.0000000000009181
http://dx.doi.org/10.1136/bmj-2021-068424
http://bmjopen.bmj.com/

	Clinical validation of an artificial intelligence-based decision support system for diagnosis and risk stratification of heart failure (STRATIFYHF): a protocol for a prospective, multicentre longitudinal study
	Abstract
	Introduction
	Methods and analysis
	Study design, setting and ethics
	Sample size
	Recruitment
	Inclusion and exclusion criteria
	Inclusion criteria for patients at risk of HF
	Inclusion criteria for patients with confirmed diagnosis of HF
	Exclusion criteria for at-risk individuals and patients diagnosed with HF

	Study assessments
	Medical history, physical examination, anthropometrics and body composition
	Blood samples
	Quality-of-life questionnaires
	Health economics
	Cardiovascular function
	CMR imaging assessment
	CORS test
	Voice recording assessment
	Home-based monitoring
	Focus groups and semistructured interviews

	Primary and secondary outcome measures
	Outcome measures

	Data collection storage and monitoring
	Assessment, reporting and documentation of study events
	Data analysis methods
	Patient and public involvement
	Dissemination policy

	Discussion
	References


