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Improving cardiometabolic disease risk prediction for precision public health
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The Trgndelag Health Study (HUNT) population-based biobank
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Motivation: Additive model with genetic and clinical information performs better than
ARIC-HF Score 3 years before diagnosis
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How does a foundation model
trained in the US perform in

predicting heart failure in Norway?
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Foundation models pre-trained on health data

CLMBR: Clinical Language Modeling Based Representations (Steinberg et al, 2021,

Wornow et al, 2023)
141 million parameter autoregressive foundation model pretrained on 2.57 million

deidentified EHRs from Stanford Medicine

MOTOR: Many Outcome Time Oriented Representations (Steinberg et al, 2024)
Time-to-event (TTE) 143M parameter foundation model which is pretrained on

timestamped sequences of events in 55 million electronic health records (EHR)
comprising 9 billion clinical events.

Delphi-2M (Shmatko et al, Nature, 2025)
Extended a generative pretrained transformer model trained on data for more than 1,000

diseases and baseline health information recorded in 402,799 UK Biobank participants
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Metric St Olav’s Hospital Namsos & Levanger (HNT)
Unique patients 52,112 8,537
Original ICD records 778,128 11,137
Total events mapped 778,120 11,122
Conversion rate 99.99% 99.87%
Final SNOMED CT records 785,202 12,000
Full cohort demographics

Total unique patients 54,675
Female participants 46,883 (53.1%)

Median birth year (IQR)
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ICD-9 vs ICD-10 records over time
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Processing the Electronic Health Record in the HUNT study

Structured EHR
data from 1987 -
2024
Primary and
secondary
diagnoses from 3
hospitals
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Classitying heart failure at time horizons

Embeddings extracted from diagnosis codes with 30-day leakage buffer before T,
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Prediction of heart failure using embeddings from a US-trained foundation model
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Future directions

Inclusion of prescription registry, procedure codes, and lab values

Addition of polygenic risk scores

Prediction of additional traits

Benchmarking of other foundation models
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