Supplementary Figure 1: Characterisation of routine health records
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a) Yearly counts of health records stratified by GP (red), hospital (blue), and death records
(yellow). ¢) Yearly counts of health records stratified by record domain. ¢) Mortality rate
conditional on prior records. Highlighted are high-risk records with gradually increasing
frequency. d) Percentage of individuals with prior rare or common records. ) Ratio of rare and
common records per individual. Statistical measures were derived from 502.460 individuals.

Source data are provided as Source Data file.



Supplementary Figure 2: Comparison of our approach with the linear baseline

swse|doanN
pooig
opu3
qeloiN

ok3

|ejusy
olnaN
BulesH
olpieQ
dsoy
Kieuunojuag)
194S/9sNIN

@
0.4
. {

] ; - - { : - N
.,//////’/J/.///J.a/..///./,/

0.2

Delta C-Index
o
o

Endpoints
b c

0.4

o
™

(=)
o

Concordance Index (MLP)
Difference in Concordance Index

-0.2
0.4

0.4 0.5 0.6 0.7 0.8 0.9 0.02 0.2 2 20
Concordance Index (LM) Incident event frequency (%)

a) Differences in discriminatory performance quantified by the C-Index between the linear
baseline risk model (LM) and our approach with a multi-layer perceptron (MLP) for all 1,883
endpoints. We found significant improvements for 1815 (96.3%), nonsignificant differences
for 42 (2.2%), and significantly worse results for 26 (1.4%) of the 1,883 investigated endpoints.
b) Direct comparison of the absolute C-Index for the linear model (LM, x-axis) and our
approach (MLP, y-axis). ¢) Improvement of our approach (y-axis) by the incident event
frequency of the endpoint. The improvements over the linear model are largest for rarer and
smallest for common endpoints.Statistical measures were derived from 502.460 individuals.

Source data are provided as Source Data file.



Supplementary Figure 3: Comparison with established comorbidities and risk factors
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a) Differences in discriminatory performance quantified by the C-Index between CPH models

trained on Age+Sex+Comorbidities from the Charlson Comorbidity Index (CCI) compared

with the added medical history for all 1,883 endpoints. We found significant improvements for

1726 (91.7%) of the 1,883 investigated endpoints. a) Differences between CPH models trained

on ASCVD risk factors only compared with the added medical history for all 1,883 endpoints.

We found significant improvements for 1727 (91.7%) of the 1,883 investigated endpoints. Red

dots indicate the 24 highlighted endpoints. Statistical measures were derived from 502.460

individuals. Source data are provided as Source Data file.



Supplementary Figure 4: Individual predicted phenome-wide risk profiles
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a+b) Example of individual predicted phenome-wide risk profile for a 60-year-old (a) and a
48-year-old female (b). Predisposition (10-year risk estimated by Age+Sex+RiskState
compared to risk estimated by Age+Sex alone) is displayed in the inner circle, and absolute 10-

year risk estimated by Age+Sex+RiskState can be found in the outer circle. Labels indicate



endpoints with a high individual predisposition (> 2 times higher than the Age+Sex-based

reference estimate) and absolute 10-year risk > 10%. e) Top 5 highest attributed records for

selected endpoints.

Supplementary Figure S: Individual predicted phenome-wide risk profiles
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a+b) Example of individual predicted phenome-wide risk profile for a 67-year-old male (a)
and a 67-year-old female (b). Predisposition (10-year risk estimated by Age+Sex+RiskState
compared to risk estimated by Age+Sex alone) is displayed in the inner circle, and absolute 10-
year risk estimated by Age+Sex+RiskState can be found in the outer circle. Labels indicate
endpoints with a high individual predisposition (> 2 times higher than the Age+Sex-based
reference estimate) and absolute 10-year risk > 10%. e) Top 5 highest attributed records for

selected endpoints.

Supplementary Figure 6: Stability of model performance with the removal of recent

information
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Discrimination performance of the medical history, measured in terms of absolute C-Indices,
subjected to progressive data removal deprivation. For each time point, a model is trained and
evaluated using a dataset from which records documented within a specified time frame prior
to recruitment - denoted on the 'Buffer Period (Years)' axis - have been removed. The
performance gradually declines in performance across all endpoints, indicating that the model
effectively incorporates both the individuals' long-term medical history and recent interactions
with the healthcare system in order to predict future disease onset. Statistical measures were

derived from 502.460 individuals. Source data are provided as Source Data file.
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