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under application number 19542.

Sex (biological) has been included in our analysis which was self-reported during UK Biobank recruitment. Gender has not
been collected and thus does not appear in our analysis.

Ethnicity has been included in our analysis which was self-reported during UK Biobank recruitment. Social economic status
was measured using Townsend deprivation index calculated immediately prior to participant joining UK Biobank. It was
calculated based on the preceding national census output areas. Each participant is assigned a score corresponding to the
output area in which their postcode is located. No information of sex and ethnicity was involved in the calculation of social
economic status. The ethnicity and social economic status was leveraged as covariates in our analysis as has been previously
reported as important risk factors to specific diseases and been adopted to established clinical risk scales.

This study adopted 52,006 participants with plasma proteomics data available in the UK Biobank, and the population had a
median age of 58 years (interquartile range (IQR) 50-64), of whom 53.9% were female, and mainly consisted of white
ethnicity (93.7%). Median years of education were 11 (IQR 10-15), body mass index was 26.8 (IQR 24.2-29.9), systolic blood
pressure was 138.0 mmHg (IQR 126.0-152.0), and 5481 (10.6%) people were current smokers. During a median follow-up
time of 14.1 (IQR 13.4-14.8) years until March 2023, 5,625 participants died (10.82%), 7,654 people developed cancer
(15.76%), and the most common specific diseases were hypertension (n=4,911, 15.96%) and anemia (n=4,528, 9.31%).

The UKB enrolled the participants aged 40-69 years between 2006 and 2010 for baseline assessments in 22 centers across
the UK. The assessment visits included comprehensive range of data collections, covering interviews, physical measures,
biological samples, imaging, and genotyping. The database is linked to national health datasets, including primary care,
hospital inpatient, death, and cancer registration data.

UK Biobank has received ethical approval from the North West Multi-centre Research Ethics Committee (MREC, https://
www.ukbiobank.ac.uk/learn-more-about-uk-biobank/about-us/ethics), and informed consent through electronic signature
was obtained from study participants. This study utilized the UK Biobank Resource under application number 19542.

The UK Biobank encompasses data of over 500,000 participants, from whom, 52,705 have proteomics data available were included. As the
study focuses on proteomic data modeling, those who had over 30% of missingness in proteomic measurements were excluded, and finally
52,006 were left for analysis. Sample size are sufficient with this study on simple statistical tests and machine learning models as our sample
sizes are larger than previous studies performed in relevant research fields.

Participants who had over 30% of missingness in proteomic measurements were excluded. For modeling and analysis of each endpoint, any
participants indexed from self-reported clinical records or any incidents indexed before the baseline of the respective disease category were
excluded. For analysis of sex-specified disease, e.g. breast cancer and prostate cancer, counterpart sex participants were excluded.

The study was implemented extensively through an leave-one-region-out cross-validation to replicate and confirm the findings.

The avoid overfitting and explore the generalizability of the developed machine learning models, this study adopted a leave-one-region-out
cross-validation strategy for model development and evaluation. The study cohort was split based on the geographical locations of total 22
assessment centers, and they were merged into ten regions in the UK as our data partition criteria (see Supplementary Table 3 for detailed
population characteristics within each region). The model was developed using data from nine regions and evaluated in the remaining region,
and such a scheme iteratively looped until all regions have been used for both model development and model validation.

This study did not require blinding as no subjective evaluation by on observer was involved.




