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Building the world’s first truly global
medical foundation model

M Check for updates

ince 2022, the field of medical arti-

ficial intelligence (Al) has begun a

shift toward foundation models,

machine learning systems that are

trained on broad data at scale and
are adaptable to a wide range of downstream
tasks"?. Medical foundation models are rapidly
evolving, driven by the synergy of expanding
medical datarepositories, advancesinneural
network architecture (especially transform-
ers), self-supervised learning approaches
and computing power. Medical foundation
models are capable of performing, or can be
adapted to perform, arange of medical tasks
with a minimal amount of annotated data. To
date, several promising breakthroughs with
foundation models have been demonstrated
across diverse medical domains, including
pathology, radiology and ophthalmology®~.

Nevertheless, training robust medical foun-
dation models requires large, diverse and
clinically useful representative data®. Assem-
bling such datasets remains a major chal-
lenge for the research community because of
strict data-sharing regulations intended to
protect patient privacy and ensure ethical
compliance. For these reasons, most existing
foundational models are trained on datasets
thataregeographically and demographically
‘narrow’ (thatis, not globally representative),
limiting their generalizability and effective-
ness, particularly in under-represented
regions and populations®®,

Althoughthere havebeeneffortstobroaden
the geographic and ethnic diversity of founda-
tion model training datasets, significant gaps
and under-representation remain, especially
inSoutheast Asia, Central Asia, Latin America,
Africa and the Middle East®. Furthermore,
current foundational models remain vulner-
able to shifts in data distribution, especially
those arising from variations of imaging
devicesand manufacturers, further hindering
model generalizability’. These limitations risk
perpetuating existing health inequities and
highlight the urgent need for global-scale col-
laboration and innovative, privacy-preserving
data-sharing approaches.

Toaddress these challenges, we have estab-
lished the Global RETFound Consortium, with

the aim of developing the first truly global
foundational model in medicine. Building
upon our earlier work on RETFound®, the
Global RETFound model will be pretrained on
anexpansive dataset of over 100 million color
fundus photographs (CFPs) from the rear of
the eye sourced from more than 100 coun-
tries, representing awide spectrumof ethnic,
demographicandgeographicdiversity, as well
asvariationsin retinal imaging devices.

A key innovation of the Global RETFound
Consortium is its flexible, two-pronged
data-sharing framework, designed toaccom-
modate the varying technical capacities and
regulatory requirements of global partners.

The first approach involves synthetic data
generation via local fine-tuning of a gen-
erative Al model and secure sharing of the
model weights. In this approach, institutions
will locally fine-tune a generative Al model
(suchasastable diffusion model) on their own
anonymized CFPs, guided by available meta-
datasuchasdemographics, and select ocular
and systemic disease labels to improve the
quality and population representation of the
generated synthetic CFPs. This process will be
facilitated by aDocker container (Fig.1a) that
includesallthe necessary codes and software,
as well as guidance on metadata structuring
and graphical processing unit (GPU) com-
patibility. Importantly, no raw patient data
will leave the institution, with only the model
weights being shared with the central coordi-
nation site, ensuring robust data privacy and
regulatory compliance.

The second approach involves real data
sharing within a secure infrastructure, with
appropriate inter-institutional agreements
in place. This alternative is designed for
collaborators who do not have access to
GPU resources or local technical expertise.
De-identified CFPs and metadatawill be sent
directly toadedicated, secure cloud platform
at the central site, where they will be used to
fine-tune a generative Almodel and generate
synthetic CFPs (Fig. 1b). A combination of
real and synthetic CFPs from participating
institutions will then form part of the pre-
training dataset used to develop the Global
RETFound model.

Together, these inclusive approaches will
enable participation from research groups
of all resource levels, allowing us to build a
large-scale, diverse and globally representa-
tive dataset that balances data diversity and
integrity. This cornerstone will support the
development of amedical foundational model
thatis truly global and equitable.

Earlier studies have shown that synthetic
datasets, especially those conditioned on
demographic metadata, can improve fair-
ness and downstream performance, par-
ticularly for under-represented diseases and
populations®. Building on these insights,
the Global RETFound model will leverage the
scale and diversity of this curated dataset
to pretrain using self-supervised learning
strategies. The model willencompass abroad
spectrum of retinal phenotypes, disease
states, retinal imaging modalities, demo-
graphics and other population-specific char-
acteristics. Given these features, the Global
RETFound model is expected to enhance
generalizability across diverse clinical tasks
and settings.

Furthermore, the Global RETFound
model will be comprehensively evaluated
across a wide range of ophthalmic and sys-
temic disease detection, prediction and risk
assessment tasks (for example, oculomics),
including those for diabetic retinopathy,
glaucoma, age-related macular degeneration,
cardiovascular diseases, neurodegenerative
diseases and diabetic vascular complications.
Real CFPs from several datasets (not used for
any pretraining) will be used as validations
to ensure rigorous evaluation. Importantly,
the Global RETFound model will be released
under a Creative Commons CC-BY-NClicense,
making it freely available for non-commercial
research. This commitment to openness is
intended to accelerate downstream innova-
tion, empowering researchers worldwide to
jump-start the development of their own Al
models with substantially reduced data and
computational resource requirements. By
fine-tuning the openly available pretrained
Global RETFound model on their own data,
researchers can create models tailored to
their specific clinical or research needs.
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As of this writing, the consortium has
secured collaborations from over 100 study
groups across more than 65 countries, span-
ning Africa, the Middle East, South America,
Southeast Asia, the Western Pacific and the
Caucasus region. To our knowledge, this ini-
tiative marks one of the most geographically
inclusive medical Al collaborations to date.

The Global RETFound Consortium rep-
resents a landmark international effort to
create a truly globally representative medi-
cal foundation model, leveraging innova-
tive privacy-preserving strategies through
synthetic data generation and secure model
weight sharing, and also classical real data
contributions. With ophthalmology serving

as aninitial proof of concept, we aim to share
our learnings widely, laying the groundwork
for colleaguesin other medical fields to adapt
and build upon. This global initiative has
the potential to establish new international
benchmarks for generalizability, fairness and
real-world impact in medical Al. We warmly
inviteresearchers and institutions worldwide
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to join this growing collaborative effort and
help shape a more inclusive and equitable
future for medical Al.
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