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Introduction

Cardiovascular disease (CVD) remains a major cause of morbidity and
mortality, demanding innovative and more effective strategies to de-
crease their impact. In 2019, a staggering 113 million people living in
the 57 European Society of Cardiology member countries were re-
ported to suffer from CVD," and at a global scale, almost 18 million
deaths are yearly caused by atherosclerotic CVD.? Its prevalence is fur-
ther increasing due to the aging population, changes in lifestyle, and en-
vironmental factors. Despite decades of research and advances in
treatment, CVD remains a leading health challenge. Traditional models
of care often follow a ‘one-size-fits-all’ approach, which does not ac-
count for the individual variability in disease progression, treatment re-
sponses, and clinical outcomes. Furthermore, the exact role of most
causal and disease modifying factors in CVD, like diabetes, chronic kid-
ney disease, and obesity, is not fully understood.

Current state of cardiovascular
disease management

The contemporary management of CVD typically involves evidence-
based therapy, based on large randomized controlled trials. Good ex-
amples are the administration of lipid-lowering drugs, antihypertensive
medication, heart failure (HF) treatment, and glucose-lowering medica-
tion with cardio- and reno-protective effects.>* Target populations for
guideline-based treatment are mostly defined by the inclusion criteria
for participation in these trials but may not necessarily reflect the

profile of the broader population. While effective for some, this ap-
proach does not account for the complex interplay of biological, envir-
onmental, and lifestyle factors unique to each patient. For example, the
indiscriminate use of beta-blockers in HF with reduced ejection fraction
negates the variability in response rates, potentially leading to subopti-
mal outcomes for some patients, particularly in those with atrial fibril-
lation.> Risk prediction models have claimed to enable a more
personalized approach. However, risk prediction does not necessarily
point towards the best treatment strategy in an individual patient.®
Therefore, there are gaps of data and evidence for improving outcome
in different settings and patient populations. In addition, although re-
commendations, e.g. for the use of glucose and/or lipid-lowering med-
ications, are provided on assessed risk,4 these recommendations using
risk scores mostly rely on the estimated number needed to treat but
have not been evaluated prospectively. Therefore, there are medical
needs to better delineate clinical courses and trajectories including
treatment responses and finally to evaluate these learnings in prospect-
ive clinical trials.

Innovative strategy and objectives

Against this background, the European Union through the Innovative
Health Initiative has funded the ‘Individualized care from early risk of
CVD to established HF' (iCARE4CVD, https:/icaredcvd.eu) project,
which started in October 2023. It represents a significant leap forward
in personalized cardiovascular (CV) care, by integrating cutting-edge
technologies with patient-centred approaches to fundamentally
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Figure 1 The iCARE4CVD programme structure. WP, work package

transform the management of CV health. Jointly led by Maastricht
University and Novo Nordisk, iCARE4CVD addresses the challenges
by leveraging a consortium of 36 leading academic institutions, health-
care providers, and pharmaceutical and technology companies across
Europe and beyond (see https:/icare4cvd.eu). This collaborative ap-
proach aims to harmonize diverse data sets of different cohorts with
broad phenotyping including biomarkers, genetics, treatment, and
patient-reported outcomes from more than a million individuals, to de-
velop a nuanced understanding of CVD.

To enhance patient outcomes across the full spectrum of
CVD—from early risk stages to advanced HF—the iCARE4CVD
project focuses on four critical areas: (i) early diagnosis and classification
into clinically meaningful subgroups; (ii) risk stratification to determine
the urgency of interventions; (iii) prediction of individual treatment
response; and (iv) incorporation of patient-centred outcomes. Over
a period of 4% years, 10 work packages (WPs) will systematically
address these components (Figure 7). The initial phase of the project
involves developing precise predictive models that incorporates
patient profiles including biomarkers and advanced artificial intelligence
(Al) techniques. The subsequent phase will focus on validating
these models. Concurrently, iCARE4CVD will develop innovative
care pathways derived from these results. Throughout the project,
patient perspectives are integral to the development process

(WP4), alongside the interpretation and management of biomarkers
(WP3) and addressing legal and ethical considerations (VWP8).
The following elements are pivotal in achieving the goals of
iCARE4CVD:

(1) Development of a federated data ecosystem: iCARE4CVD is creating
a federated data platform (WP2) that integrates data from numer-
ous sources (WP1) while ensuring privacy and adherence to
General Data Protection Regulation. This platform uses blockchain
technology for secure data sharing and advanced analytics on indi-
vidual patient levels.

(2) Advanced predictive models using Al: iCARE4CVD is applying Al to
develop predictive models that allow early disease modelling and
assess risk and treatment efficacy more accurately than currently
possible (WP5). These models are designed to facilitate early inter-
vention and customize treatment plans based on individual patient
profiles, significantly improving outcomes.

(3) Prospective validation of Al-based models: A cornerstone of
iCARE4CVD is the comprehensive prospective validation of
the models (WP6) to ensure the added clinical value and the re-
liability for broader adoption.” To validate these models, add-
itional cohorts will be sought and added to the federated
database. However, the central point will be the deployment
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of the most promising model in a randomized, controlled inter-
vention trial. This approach positions iCARE4CVD at the fore-
front of implementing precision medicine in clinical studies,
establishing a methodological framework as standard for future
research in the field.

(4) Patient-centric care pathways: Central to the initiative is the develop-
ment of innovative care pathways (WP7) that are not only informed
by clinical data but also by patient preferences (WP4). This approach
ensures that care delivery is both scientifically sound and aligned with
patient needs, enhancing adherence and satisfaction.

(5) Stakeholder engagement and policy development: Recognizing the im-
portance of multi-stakeholder involvement, iCARE4CVD is estab-
lishing frameworks for engaging with patients, healthcare providers,
policymakers, and payers (WP4, WP7, WP8) as well as for dissem-
inating and exploiting results (WP9). This inclusive strategy ensures
that the solutions developed are practical, scalable, and aligned with
the existing healthcare policies and economic models.

Expected impact and future
directions

iCARE4CVD is set to redefine the landscape of CVD management
through its holistic approaches. By the end of the project, we antici-
pate a suite of validated tools and protocols to improve CVD care
and outcomes and cut healthcare costs. Furthermore, the project’s
emphasis on secure and ethical data use paves the way for future re-
search initiatives, providing a blueprint for integrating large-scale data
analytics and validation in healthcare. iCARE4CVD will foster CVD
management moving towards more personalized and preventative
models.

In conclusion, the iCARE4CVD project not only promises to im-
prove outcomes for patients with CVD but also aims to set new stan-
dards for integrating patient data and technology, making a significant
impact on public health in Europe and globally.
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