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Abstract

Generative Artificial Intelligence (GenAlI) has the potential to transform
population health research by enabling digital twins and disease modelling
across countries. Realizing this vision in Europe requires harmonized use of
health data within the European Health Data Space (EHDS). We present
first steps towards a pan-European GenAl framework. Using aggregated
data from 84M individuals across nine countries, we evaluated cross-country
comparability of diagnosis and medication coding, revealing good concor-
dance across Europe but marked divergences with U.S. data, underscoring
the need for EU-specific models. Pooling data can enable rare disease studies
that would be otherwise infeasible. Delphi, a foundation model trained on
UK health trajectories performed robustly in Finland, though with imper-
fect transferability. These findings establish the feasibility of pan-European
GenAl and outline a roadmap for developing foundation models aligned with
EHDS objectives. Our ongoing work includes integration of more diverse
data modalities, and improving GenAl model transferability.

1 Introduction

Biomedical research is being reshaped by computational advances and grow-
ing availability of multimodal health data, including electronic health records
(EHRs) and nationwide registers. The EHDS aims to provide a secure and

AT in Science (AIS), 2025, Copenhagen, Denmark .. AlinScience
. Co’n’f‘e‘re\n\ce 2025

EU2025D




3 RESULTS

interoperable framework for health data exchange, empowering citizens and en-
abling secondary use. Expanding access to such data can support trustworthy
AT systems that improve healthcare across Europe (Ganna et al. [2024]). By
learning from large, heterogeneous datasets, GenAl models can simulate individ-
ual health trajectories, support digital twin technologies, and enable precision
medicine at population scale. Yet, most existing models are trained on EHRs
from a single healthcare provider, often in the United States (US), limiting
their generalizability (Waxler et al. [2025]). We present initial results towards
building a pan-European GenAI model for population health: 1) We evaluate
consistency in disease and prescription patterns across nine European national
and regional cohorts (~84M individuals), 2) assess the transferability of a UK-
trained foundation model for health trajectories (Delphi, Shmatko et al. [2025]),
to Finnish nationwide data, and 3) expand Delphi to model more complex health
trajectories, including information on both diagnoses and medications.

2 Data Resources

Finnish Nationwide Dataset: Our comprehensive dataset of ~7.1M indi-
viduals (similar to Viippola et al. [2023]) comprises hospital visits, medication
purchases, and laboratory measurements for a total of ~ 532 million tokens.
Pan-European Cohorts: We considered nine datasets: national registries
(Finland, Denmark, Estonia, Sweden, Croatia, France, Belgium), a regional co-
hort (Lombardy, Italy), and a biobank-based resource (All of Us, USA). We
identified individuals aged 19-69 years and alive on January 1, 2010, and fol-
lowed them until December 31, 2019. We recorded the number of individuals
with first occurrences of diagnoses (3-digit ICD-10) and first prescriptions (5-
digit ATC). The combined dataset totalled 84M individuals (Figure 1A).

3 Results

3.1 Cross-Country Comparability

Correlations between country pairs were consistently stronger for medication
prescription than for diagnosis rates (Figure 1B). For medication prescriptions,
the highest agreement was observed between Finland and Sweden, reflecting
similarities in healthcare systems and prescribing practices. By contrast, the
weakest correlations for diagnoses were observed between the US and European
countries. Age-specific cardiovascular disease incidence increased steadily with
age, with strong agreement across the European datasets (Figure 1C). Incidence
rates were systematically lower in the US-cohort, likely reflecting differences in
healthcare access and the limitations of insurance-based data.

Finally, the pan-European scale of the data enabled analyses of rare diseases
that would be infeasible in individual countries. For example, by aggregating
cases of Cushing’s syndrome across cohorts, we achieved sufficient sample sizes
to support predictive modeling and trajectory analysis (Figure 1D).
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Figure 1: Preliminary results from 9 countries across 84 million individuals.
A) Number of diagnoses (upper panel) and medication prescriptions/purchases
(lower panel) by country. B) Pearson correlations of occurrence rates for medi-
cation purchases/prescriptions (left, ATC) and diagnoses (right, ICD). C) Age-
specific cardiovascular disease rates across countries. D) Number of Cushing’s
syndrome diagnoses by country and in the combined cohort (PanHealthia).

3.2 Delphi GenAl Model Transferability to Finnish data

Delphi is a GenAlI model designed specifically for longitudinal health trajecto-
ries and trained on 402,799 trajectories from the UK Biobank (UKB). In Delphi,
clinical diagnoses are tokenized into sequences, enabling lerning temporal depen-
dencies across 1,257 different ICD-10 codes. Delphi has demonstrated strong
performance in cross-disease prediction and in generating realistic patient-level
disease trajectories, when evaluated on 100,639 individuals from the UKB, and
1,930,000 individuals from Danish registries (Shmatko et al. [2025]).

We evaluated Delphi transferability on Finnish nationwide data. Delphi
achieved robust overall predictive accuracy, though with slightly lower perfor-
mance compared to a Delphi-FIN model trained on Finnish health trajectories
(Figure 2A). We then expanded Delphi-FIN vocabulary by including medication
purchases using 5-digit ATC-codes. This increased the Delphi-FIN performance
in future disease prediction across the ICD-chapters (Figure 2B).
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Figure 2: GenAl model performance evaluated on 1 million Finnish health tra-
jectories. A) Distributions of next diagnosis prediction AUCs over 1,257 dis-
eases. Light blue = Delphi trained on 402,799 UKB health trajectories, dark
blue = Delphi-FIN trained on 402,799 Finnish trajectories. B) Next diagnosis
prediction AUC in 60-65-yo individuals. Delphi-FIN was trained on 5 million
Finnish trajectories (x-axis: diagnoses, y-axis: diagnoses and medications).

4 Conclusions and Future Directions

European healthcare systems routinely collect valuable health information. Mod-
ern Al-based generative models such as Delphi hold vast potential in modelling
future trajectories both on individual and population levels. For individuals,
these models could offer more personalized risk estimation, on a population
level they could be used, for example, to better allocate healthcare resources.
Healthcare GenAlI models such as COMET (Waxler et al. [2025]) developed on
massive US-datasets are not only usually proprietary, but as we show, the US
health data is differently distributed from European data. Even though there
are less differences between European countries, transferability of models across
many European countries will still need to be demonstrated. Here, we show
that the Delphi model trained using UK data performs well in a nationwide
Finnish cohort, although still not comparably to a model trained on Finnish
data. These findings demonstrate the potential for GenAl models to generalize
across European countries while also highlighting current limitations in cross-
country differences in diagnostic coding practices and healthcare structures.

To enhance the transferability of GenAl models, we are implementing a
method that maps healthcare system codes into a shared embedding space,
leveraging semantic similarity and ontological relationships between codes, and
building on earlier work (Kirchler et al. [2025]). We will further integrate di-
verse data modalities to improve model performance and systematically evaluate
transferability across more than ten EU countries.
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