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Statistics

For all statistical analyses, confirm that the following items are present in the figure legend, table legend, main text, or Methods section.
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The exact sample size (n) for each experimental group/condition, given as a discrete number and unit of measurement
@ A statement on whether measurements were taken from distinct samples or whether the same sample was measured repeatedly

The statistical test(s) used AND whether they are one- or two-sided
' Only common tests should be described solely by name; describe more complex techniques in the Methods section.

[X] A description of all covariates tested
A description of any assumptions or corrections, such as tests of normality and adjustment for multiple comparisons

% A full description of the statistical parameters including central tendency (e.g. means) or other basic estimates (e.g. regression coefficient)
AND variation (e.g. standard deviation) or associated estimates of uncertainty (e.g. confidence intervals)

g For null hypothesis testing, the test statistic (e.g. F, t, r) with confidence intervals, effect sizes, degrees of freedom and P value noted
Give P values as exact values whenever suitable.

D For Bayesian analysis, information on the choice of priors and Markov chain Monte Carlo settings

D For hierarchical and complex designs, identification of the appropriate level for tests and full reporting of outcomes

XXX OO 0000 0O 0O

D Estimates of effect sizes (e.g. Cohen's d, Pearson's r), indicating how they were calculated

Our web collection on statistics for biologists contains articles on many of the points above.

Software and code

Policy information about availability of computer code

Data collection  The data used in this study was generated and provided by the collaborator.

Data analysis A Python package implementing LTPI (v1.0) is available at https://github.com/cuelee/LTPI/.
Automatic Trait Selection Algorithm (ATSA, implemented in LTPI v1.0).
LT-FH Software v0.0: https://data.broadinstitute.org/alkesgroup/UKBB/LTFH/.
LDSC Software v1.0.1: https://github.com/bulik/Idsc.
FUMA Software v1.0.0: https://fuma.ctglab.nl/.
ANOVAR (implemented in FUMA Software v1.0.0).
MAGMA (implemented in FUMA Software v1.0.0).
PLINK Software v1.90b6.24 and v2.00a2.3LM: https://www.cog-genomics.org/plink2.
REGENIE Software v.3.2.2: https://rgcgithub.github.io/regenie/.
Softimpute R package v1.4-1: https://cran.r-project.org/web/packages/softimpute/index.html.
SoftiImpute wrapping functions: https://github.com/andywdahl/mdd-impute.

For manuscripts utilizing custom algorithms or software that are central to the research but not yet described in published literature, software must be made available to editors and
reviewers. We strongly encourage code deposition in a community repository (e.g. GitHub). See the Nature Portfolio guidelines for submitting code & software for further information.
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Data

Policy information about availability of data
All manuscripts must include a data availability statement. This statement should provide the following information, where applicable:

- Accession codes, unique identifiers, or web links for publicly available datasets
- A description of any restrictions on data availability
- For clinical datasets or third party data, please ensure that the statement adheres to our policy

GWAS summaries for nine diseases analyzed in UK Biobank application are publicly available at Zenodo (https://doi.org/10.5281/zenodo.12796497). The original
method, simulation code, and figure generation functions are accessible on Zenodo (https://doi.org/10.5281/zenodo.14531633).

Individual-level genotype and phenotype data are accessible to approved researchers via the UK Biobank web portal (https://www.ukbiobank.ac.uk/). The eMERGE-
Il genetic datasets, linked to phenotypes, can be accessible through dbGAP (accession number: phs001584.v1.p1). GWAS summary data for binary PheCodes were
obtained from Pheweb (https://pheweb.org/UKB-SAIGE), and summary data of continuous traits were sourced from Pan UKBB (https://
pan.ukbb.broadinstitute.org). Nearest genes per significant variants were annotated using Ensembl VEP (Variant Effect Predictor) v102 database. GWAS summary
statistics used in replication analysis are available at CAD GWAS (http://www.cardiogramplusc4d.org/), T2D GWAS (http://cnsgenomics.com/), PrCa GWAS (http://
practical.icr.ac.uk/), and BrCa GWAS (https://bcac.ccge.medschl.cam.ac.uk/).

Research involving human participants, their data, or biological material

Policy information about studies with human participants or human data. See also policy information about sex, gender (identity/presentation),
and sexual orientation and race, ethnicity and racism.

Reporting on sex and gender The eMERGE network is comprised of 48,060 men and 56,807 women. The UK Biobank includes 229,063 men and 273,294
women.

Reporting on race, ethnicity, or The eMERGE network includes 79,614 White individuals, 15,797 Black or African Americans, 6,639 whose ethnicity is

other socially relevant unknown, 1,238 Asians, 997 with missing ethnicity data, 442 who have not reported their ethnicity, 126 American Indians or

groupings Alaska Natives, and 21 Native Hawaiians or other Pacific Islanders. The UK Biobank is made up of 517,506 White individuals,
3,191 of mixed ethnicity, 10,332 Asian or Asian British, 8,356 Black or Black British, 1,690 Chinese, 4,764 from other ethnic
groups, 226 who do not know their ethnicity, and 1,778 who prefer not to answer.

Population characteristics eMERGE includes ~105,000 individuals, and in our study, we specifically focused on Europeans aged between 20 to 80 years.
The UK Biobank contains about ~500,000 individuals, aged 40 to 69 years, and our study was limited to those who are
European.

Recruitment Not applicable; Our study did not play a role in the recruitment process.

Ethics oversight This research is not "Human Subjects Research", because all data used is anonymized and sourced from providers who are

bound by established regulations or policies to withhold any identifiers..

Note that full information on the approval of the study protocol must also be provided in the manuscript.

Field-specific reporting

Please select the one below that is the best fit for your research. If you are not sure, read the appropriate sections before making your selection.

Life sciences D Behavioural & social sciences D Ecological, evolutionary & environmental sciences

For a reference copy of the document with all sections, see nature.com/documents/nr-reporting-summary-flat.pdf

Life sciences study design

All studies must disclose on these points even when the disclosure is negative.

Sample size The sample sizes in our study were determined based on the availability of individual-level disease and bio-marker data (eMERGE and UKBB)
and family history of disease information (UKBB).

Data exclusions  In our study, we limited our focus to individuals of European ancestry from the eMERGE network and UK Biobank. Variants were excluded
based on quality control metrics and the Minor Allele Frequency (MAF) as outlined in our manuscript.

Replication We replicated GWAS results for CAD, DM, BrCa, and PrCa, conducting six replication analyses, including two each for CAD and PrCa.
Consistency was evaluated using the proportion of same-direction effects and the correlation of regression coefficients. Results showed
strong agreement, with correlation coefficients near 1 for LTFH and 0.8 for LTPI across the four diseases. Using larger GWAS datasets for CAD
and PrCa, we observed improved agreement, with LTFH achieving a correlation of 1 and LTPI improving to 0.85.

Randomization  Randomization was not applicable to this study because the data analyzed were pre-collected observational datasets rather than data
generated through controlled experiments. Data collection followed the protocols of the respective cohorts, such as UK Biobank, a cohort
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study with known selection bias and assortative mating, and eMERGE, a patient cohort recruited during hospital visits. Given the reliance on
these datasets to identify genetic associations, randomization was neither feasible nor relevant to the study design.

Blinding Blinding was not applicable to this study as it involved the analysis of pre-existing observational datasets using computational methods.

Reporting for specific materials, systems and methods

We require information from authors about some types of materials, experimental systems and methods used in many studies. Here, indicate whether each material,
system or method listed is relevant to your study. If you are not sure if a list item applies to your research, read the appropriate section before selecting a response.
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Materials & experimental systems Methods
Involved in the study n/a | Involved in the study
Antibodies XI|[] chip-seq
Eukaryotic cell lines & \:I Flow cytometry
Palaeontology and archaeology & \:I MRI-based neuroimaging

Animals and other organisms
Clinical data
Dual use research of concern
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Plants

Seed stocks Report on the source of all seed stocks or other plant material used. If applicable, state the seed stock centre and catalogue number. If
plant specimens were collected from the field, describe the collection location, date and sampling procedures.

Novel plant genotypes Describe the methods by which all novel plant genotypes were produced. This includes those generated by transgenic approaches,
gene editing, chemical/radiation-based mutagenesis and hybridization. For transgenic lines, describe the transformation method, the
number of independent lines analyzed and the generation upon which experiments were performed. For gene-edited lines, describe
the editor used, the endogenous sequence targeted for editing, the targeting guide RNA sequence (if applicable) and how the editor

Authentication Z)Vgsbc#gé”gﬁj/ authentication-procedures for-each-seed-stock-used-or-novel-genotype-generated--Describe-any-experiments-used-to
assess the effect of a mutation and, where applicable, how potential secondary effects (e.g. second site T-DNA insertions, mosiacism,
off-target gene editing) were examined.




