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            Abstract
Polygenic risk scores (PRSs) have shown promise in predicting susceptibility to common diseases1,2,3. We estimated their added value in clinical risk prediction of five common diseases, using large-scale biobank data (FinnGen; n = 135,300) and the FINRISK study with clinical risk factors to test genome-wide PRSs for coronary heart disease, type 2 diabetes, atrial fibrillation, breast cancer and prostate cancer. We evaluated the lifetime risk at different PRS levels, and the impact on disease onset and on prediction together with clinical risk scores. Compared to having an average PRS, having a high PRS contributed 21% to 38% higher lifetime risk, and 4 to 9 years earlier disease onset. PRSs improved model discrimination over age and sex in type 2 diabetes, atrial fibrillation, breast cancer and prostate cancer, and over clinical risk in type 2 diabetes, breast cancer and prostate cancer. In all diseases, PRSs improved reclassification over clinical thresholds, with the largest net reclassification improvements for early-onset coronary heart disease, atrial fibrillation and prostate cancer. This study provides evidence for the additional value of PRSs in clinical disease prediction. The practical applications of polygenic risk information for stratified screening or for guiding lifestyle and medical interventions in the clinical setting remain to be defined in further studies.
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                    Fig. 1: Adjusted survival curves from Cox proportional hazards models showing the cumulative risk of disease by PRS category in FinnGen (n = 135,300 individuals).[image: ]


Fig. 2: The proportions of early- and late-onset cases with high clinical risk, high polygenic risk or neither.[image: ]
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                Data availability


The FinnGen data may be accessed through Finnish Biobanks’ FinnBB portal (www.finbb.fi) and THL Biobank data may be accessed through THL Biobank (https://thl.fi/en/web/thl-biobank).



Code availability


The full genotyping and imputation protocol for FinnGen is described at https://doi.org/10.17504/protocols.io.nmndc5e.
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Extended data

Extended Data Fig. 1 Investigating goodness-of-fit by polygenic risk score deciles in FinnGen (n = 135,300). Y-axis represents the expected and observed risks in each decile.
Goodness-of-fit test for the Cox proportional hazards model with R package survMisc, following the methodology in May & Hosmer (2004).41 Error bars for the expected counts represent the 95% confidence intervals.


Extended Data Fig. 2 With any breast cancer as the outcome in FinnGen (n = 135,300), adjusted survival curves for estrogen receptor-specific polygenic risk scores (PRS).
The PRS for any breast cancer showed high correlation with the estrogen receptor-positive PRS (Pearson correlation r = 0.93) and moderate correlation with estrogen receptor-negative PRS (r = 0.54).


Extended Data Fig. 3 Difference in age at disease onset estimates across polygenic risk score categories in FinnGen (n = 135,300).
CHD = coronary heart disease, AF = atrial fibrillation or flutter, T2D = type 2 diabetes. The estimands are restricted mean survival times (RMST) for age at onset, and the error bars represent their 95% confidence intervals. Incident and prevalent cases included. All tests were two-tailed.


Extended Data Fig. 4 Difference in age at disease onset estimates by sex, across polygenic risk score categories (FinnGen, n = 135,300).
CHD = coronary heart disease, AF = atrial fibrillation or flutter, T2D = type 2 diabetes. The estimands are restricted mean survival times (RMST) for age at onset, and the error bars represent their 95% confidence intervals. Incident and prevalent cases included. All tests were two-tailed.


Extended Data Fig. 5 Correlation between polygenic and clinical risk.
PRS = polygenic risk score, CHD = coronary heart disease, AF = atrial fibrillation or flutter, T2D = type 2 diabetes. Sample size in FINRISK (CHD, n = 20,165; AF, n = 21,030; T2D n = 10,561) and in FinnGen (breast cancer, n = 37,841; prostate cancer n = 48,851), using respective incident disease cases and controls. Correlation was assessed with Pearson correlation.


Extended Data Fig. 6 Adjusted survival curves in FINRISK, showing cumulative risk of incident disease in by polygenic risk score (PRS) categories.
The FINRISK cohorts (total n = 21,813) comprised of 2,197 incident cases of CHD, 1,431 cases of AF, 2,516 cases of T2D, 404 cases of breast cancer, and 444 cases of prostate cancer. Only incident cases included.


Extended Data Fig. 7 Manhattan plot (A) and quantile-quantile plot (B) for the genome-wide association study (n = 408,961 from UK Biobank) for PheCode 411 (Ischemic heart disease) by Zhou et al.
For the GWAS, they used a generalized mixed model implemented in SAIGE.36 These summary statistics were used for constructing our polygenic risk score for coronary heart disease36.
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