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            Abstract
Problematic alcohol use (PAU) is a leading cause of death and disability worldwide. Although genome-wide association studies have identified PAU risk genes, the genetic architecture of this trait is not fully understood. We conducted a proxy-phenotype meta-analysis of PAU, combining alcohol use disorder and problematic drinking, in 435,563 European-ancestry individuals. We identified 29 independent risk variants, 19 of them novel. PAU was genetically correlated with 138 phenotypes, including substance use and psychiatric traits. Phenome-wide polygenic risk score analysis in an independent biobank sample (BioVU, n = 67,589) confirmed the genetic correlations between PAU and substance use and psychiatric disorders. Genetic heritability of PAU was enriched in brain and in conserved and regulatory genomic regions. Mendelian randomization suggested causal effects on liability to PAU of substance use, psychiatric status, risk-taking behavior and cognitive performance. In summary, this large PAU meta-analysis identified novel risk loci and revealed genetic relationships with numerous other traits.




            
                
                    

    
        
            
                
                Access through your institution
            
        

        
            
                
                    Buy or subscribe
                
            

        
    



                
            


            
                
                    
                

            

            
                
                
                
                
                    
                        This is a preview of subscription content, access via your institution

                    

                    
                

                

                Access options

                


                
                    
                        
                            

    
        
            
                
                Access through your institution
            
        

        
    



                        

                        

    
        
        

        
        
            
                
                Access through your institution
            
        

        
            
                Change institution
            
        

        
        
            
                Buy or subscribe
            
        

        
    



                    
                

                
    
    Access Nature and 54 other Nature Portfolio journals
Get Nature+, our best-value online-access subscription
$29.99 / 30 days
cancel any time

Learn more


Subscribe to this journal
Receive 12 print issues and online access
$209.00 per year
only $17.42 per issue

Learn more


Rent or buy this article
Prices vary by article type
from$1.95
to$39.95
Learn more


Prices may be subject to local taxes which are calculated during checkout



  

    
    
        
    Additional access options:

    	
            Log in
        
	
            Learn about institutional subscriptions
        
	
            Read our FAQs
        
	
            Contact customer support
        



    

                
                    Fig. 1: Overview of the analysis.[image: ]


Fig. 2: Association results for AUD and PAU meta-analyses.[image: ]


Fig. 3: Estimated SNP-based h2.[image: ]


Fig. 4: Genetic correlations with published traits.[image: ]


Fig. 5: Phenome-wide associations with PAU PRS in BioVU.[image: ]
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                Data availability

              
              The full summary-level association data from the meta-analysis are available through dbGaP at accession no. phs001672.v3.p1.

            

Code availability

              
              Kinship analysis was performed using KING (http://people.virginia.edu/~wc9c/KING/). PCAs were performed using EIGENSOFT (https://data.broadinstitute.org/alkesgroup/EIGENSOFT/). Imputation was performed using EAGLE2 (https://data.broadinstitute.org/alkesgroup/Eagle/), Minimac3 (https://genome.sph.umich.edu/wiki/Minimac3), Sanger imputation server (https://imputation.sanger.ac.uk/) or RICOPILI (https://data.broadinstitute.org/mpg/ricopili/), the choice depending on the sample. GWAS was performed using PLINK (https://www.cog-genomics.org/plink2). Meta-analyses were performed using METAL (https://genome.sph.umich.edu/wiki/METAL_Documentation). Polygenic risk score analyses were performed using PRSice-2 (https://www.prsice.info/) or PRS-CS (https://github.com/getian107/PRScs). GCTA (https://cnsgenomics.com/software/gcta/#Overview) was used for identification of independent loci (GCTA-COJO), multi-trait conditional analysis (GCTA-mtCOJO) and MR (GCTA-GSMR). LDSC (https://github.com/bulik/ldsc) was used for heritability estimation, genetic correlation analysis (also using LD Hub (http://ldsc.broadinstitute.org/)) and heritability enrichment analyses. FUMA (https://fuma.ctglab.nl/) was used for gene association, functional enrichment and gene set enrichment analyses. Transcriptomic analyses were performed using S-PrediXcan and S-MultiXcan (https://github.com/hakyimlab/MetaXcan). PheWAS analyses were run using the PheWAS R package (https://github.com/PheWAS/PheWAS). The Mendelian Randomization R Package (https://cran.r-project.org/web/packages/MendelianRandomization/index.html) and MR–PRESSO (https://github.com/rondolab/MR-PRESSO) were used for MR analyses. MTAG (https://github.com/omeed-maghzian/mtag) was used for multiple trait analysis.
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