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Sample size

Data exclusions

Replication

The full summary statistics data have been deposited in the Figshare database at https://doi.org/10.6084/m9.figshare.29390471.v1. Individual-level genetic and
phenotypic data from the UKB are available at https://biobank.ndph.ox.ac.uk/ by application. FinnGen disease GWAS is available at https://www.finngen.fi/en/
access_results. The NHGRI-EBI GWAS Catalog is accessible at https://www.ebi.ac.uk/gwas/. The PubMed database can be accessed via https://
pubmed.ncbi.nlm.nih.gov/. The HMDB database can be found at https://hmdb.ca/. The KEGG pathway database can be found at https://www.genome.jp/kegg/
pathway.html. The PubChem database can be found at https://pubchem.ncbi.nlm.nih.gov/. The GTEx V8 release data can be found at https://www.gtexportal.org/
home/datasets. The UniProt database can be found at https://www.uniprot.org/uniprot/. The GENCODE resource can be found at https://www.gencodegenes.org/.
The OMIM database can be found at https://www.omim.org/downloads. The IMPC database can be found at https://www.mousephenotype.org/data/release. The
DrugBank database can be found at https://go.drugbank.com. Source data are provided with this paper.

We took sex into consideration in our study and our analyses were adjusted for sex. Sex in the UKB was determined based on
self-reporting data via questionnaires, and all included participants gave written informed consent for sharing of individual-
level data. For significant associations identified in the primary analysis, we additionally performed sex-stratified sensitivity
analyses.

Ethnic background information of the UKB participants was collected based on self-reported data via questionnaires.

We included UKB participants of diverse ancestries, each with both metabolomic and genomic data available. The
demographic profile of the study population revealed a median age of 58 years (interquartile range, IQR: 50-63 years), with
137,089 (53.79%) individuals being female and 218,380 (85.70%) individuals of white British ancestry. The median fasting
time before blood collection was 3 hours (IQR: 2-4 hours).

UKB is a population-based prospective cohort consisting of more than 500,000 individuals aged 40 to 69 years at baseline.
Participants were enlisted from 22 assessment centers across the UK between 2006 and 2010 and underwent extended
monitoring. As UKB participants volunteered to join the study, self-selection bias may be present. Compared to the general
population, UKB participants tend to be healthier. However, genetic associations are generally considered less susceptible to
such biases, and the large sample size helps mitigate potential limitations.

Participants provided informed consent via electronic signatures. Ethics approval was granted by the North West Multi-
Centre Research Ethics Committee.

No statistical methods were used to predetermine sample sizes. We excluded participants who were officially withdrawn by UKB or had more
than 20% missing metabolite values. This resulted in a final sample of 254,825 individuals with both metabolomic and genomic data available.
Given the large sample size, which exceeds those of most previously published GWAS of circulating metabolites, we consider the study to be
sufficiently powered to detect meaningful genetic associations.

We excluded participants who were officially withdrawn by UKB or had more than 20% missing metabolite values.

To validate our genetic findings, we employed three approaches. First, we compared our results with 19 previously published metabolomics
GWAS studies and 1WES studies, and observed strong concordance. Second, we compared our findings with the latest metabolomics GWAS,
with 73% of their lead variants replicated in our study. Third, we conducted a validation analysis of the lead variants identified in the British
discovery cohort using individuals of non-British ancestries, showing high effect size correlation (median R = 0.96). In addition, our




