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            Abstract
Three inherited autosomal dominant conditionsâ€”BRCA-related hereditary breast and ovarian cancer (HBOC), Lynch syndrome (LS) and familial hypercholesterolemia (FH)â€”have been termed the Centers for Disease Control and Prevention Tier 1 (CDCT1) genetic conditions, for which early identification and intervention have a meaningful potential for clinical actionability and a positive impact on public health1. In typical medical practice, genetic testing for these conditions is based on personal or family history, ethnic background or other demographic characteristics2. In this study of a cohort of 26,906 participants in the Healthy Nevada Project (HNP), we first evaluated whether population screening could efficiently identify carriers of these genetic conditions and, second, we evaluated the impact of genetic risk on health outcomes for these participants. We found a 1.33% combined carrier rate for pathogenic and likely pathogenic (P/LP) genetic variants for HBOC, LS and FH. Of these carriers, 21.9% of participants had clinically relevant disease, among whom 70% had been diagnosed with relevant disease before age 65. Moreover, 90% of the risk carriers had not been previously identified, and less than 19.8% of these had documentation in their medical records of inherited genetic disease risk, including family history. In a direct follow-up survey with all carriers, only 25.2% of individuals reported a family history of relevant disease. Our experience with the HNP suggests that genetic screening in patients could identify at-risk carriers, who would not be otherwise identified in routine care.
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                    Fig. 1: Clinical features of individuals with a P/LP variant in one of the CDCT1 genomic conditions.[image: ]


Fig. 2: Individuals who likely fall within existing clinical guidelines for genetic testing have a risk of clinically relevant disease in excess of the risk conferred by carrying a P/LP variant alone.[image: ]
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Extended data

Extended Data Fig. 1 Carrying a P/LP variant in a FH gene leads to increased risk and earlier onset of hyperlipidemia and treatment with anti-hyperlipidemic medications.
Disease-free survival for â€˜carriersâ€™ (nâ€‰=â€‰73) of a FH P/LP variant and â€˜non-FH carriersâ€™ (nâ€‰=â€‰20,117) for a, first report of a ICD-10 code for hyperlipidemia in the medical record, and b, first order for an anti-hyperlipidemic medication in the medical record. Solid colored lines (and the matching shaded regions) are survival curves with 95% confidence intervals. The dotted lines represent the median survival age. p-values represent the results of a 2-sided log-rank test. No adjustments were made for multiple comparisons.


Extended Data Fig. 2 Empirical cumulative distribution for age of first diagnosis for P/LP carriers with relevant disease diagnoses.
Clinical relevant disease manifestation for at-risk carriers in our cohort occurs between the ages of 24 and 80, with approximately 40% of disease occurring before the age of 50.


Extended Data Fig. 3 Comparison of the clinical impact of P/LP variants in different genes for the same CDC Tier1 genomic condition.
a-d, Disease-free survival (DFS) for carriers (nâ€‰=â€‰273) in the Healthy Nevada Project for individuals with medical records at Renown Health. Data are shown for P/LP variant carriers for BRCA1 (nâ€‰=â€‰54) and BRCA2 (nâ€‰=â€‰81) for HBOC (a), for P/LP variant carriers for MSH6 (nâ€‰=â€‰23) and PMS2 (nâ€‰=â€‰32) for all-cause cancers. There was not sufficient data to explore MLH1 or MSH2 independently (b), for P/LP variant carriers for APOB (nâ€‰=â€‰14) and LDLR (nâ€‰=â€‰58) for presentation of hyperlipidemia and (d) for treatment with anti-hyperlipidemic medication. There was not sufficient data to explore PCSK9 independently. Solid colored lines (and the matching shaded regions) are survival curves with 95% confidence intervals. The dotted lines represent the median survival age. p-values represent the results of a 2-sided log-rank test. No adjustments were made for multiple comparisons.


Extended Data Fig. 4 Individuals who likely fall within existing FH clinical guidelines do not have risk in excess of carrying a P/LP variant.
Disease-free survival (DFS) for carriers (nâ€‰=â€‰273) that likely fall â€˜within guidelinesâ€™ and those â€˜outside guidelines.â€™ Data are shown for within guidelines (nâ€‰=â€‰10) vs outside guidelines (nâ€‰=â€‰63) for FH P/LP variant carriers for presentation of hyperlipidemia a, and for treatment with anti-hyperlipidemic agents b. Solid colored lines (and the matching shaded regions) are survival curves with 95% confidence intervals. The dotted lines represent the median survival age. p-values represent the results of a 2-sided log-rank test. No adjustments were made for multiple comparisons.
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