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            Abstract
Nonalcoholic fatty liver disease (NAFLD) is a growing cause of chronic liver disease. Using a proxy NAFLD definition of chronic elevation of alanine aminotransferase (cALT) levels without other liver diseases, we performed a multiancestry genome-wide association study (GWAS) in the Million Veteran Program (MVP) including 90,408 cALT cases and 128,187 controls. Seventy-seven loci exceeded genome-wide significance, including 25 without prior NAFLD or alanine aminotransferase associations, with one additional locus identified in European American-only and two in African American-only analyses (P < 5 × 10−8). External replication in histology-defined NAFLD cohorts (7,397 cases and 56,785 controls) or radiologic imaging cohorts (n = 44,289) replicated 17 single-nucleotide polymorphisms (SNPs) (P < 6.5 × 10−4), of which 9 were new (TRIB1, PPARG, MTTP, SERPINA1, FTO, IL1RN, COBLL1, APOH and IFI30). Pleiotropy analysis showed that 61 of 77 multiancestry and all 17 replicated SNPs were jointly associated with metabolic and/or inflammatory traits, revealing a complex model of genetic architecture. Our approach integrating cALT, histology and imaging reveals new insights into genetic liability to NAFLD.
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                    Fig. 1: Overview of analysis pipeline.[image: ]


Fig. 2: Manhattan plot of GWAS of 90,408 cALT cases and 128,187 controls in multiancestry meta-analysis.[image: ]


Fig. 3: Venn diagram depicting overlapping liver, metabolic and inflammatory traits among cALT-associated loci.[image: ]


Fig. 4: Seven gene clusters with distinct biomarker association profiles.[image: ]
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                Data availability

              
              The full summary-level association data from the multiancestry, EA, AA, HISP and ASN analyses from this report are available through dbGAP under accession number phs001672.v7.p1 (Veterans Administration MVP Summary Results from Omics Studies). Source data are provided with this paper.

            

Code availability

              
              Imputation was performed using MiniMac4 and EAGLE v2. Association analysis was performed using PLINK2a. Post-GWAS processing software includes LD Hub v1.9.3, METAL v2011-03-25, DEPICT v140721, LDSC v1.0, GREGOR v4.0, HiCUP v0.8, STRING v11 and Ensembl Variant Effect Predictor with assembly GRCh37.p13 as outlined in Methods. Clear code for analysis is available at the associated website of each software package. Additional analyses were performed in R-4.1, Bioconductor v3.140 and R packages corrcoverage, CHiCAGO and OmnipathR, for which code can be found in their associated vignettes.
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