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Transancestral GWAS of alcohol dependence 
reveals common genetic underpinnings with 
psychiatric disorders
Liability to alcohol dependence (AD) is heritable, but little is known about its complex polygenic architecture or its genetic 
relationship with other disorders. To discover loci associated with AD and characterize the relationship between AD and other 
psychiatric and behavioral outcomes, we carried out the largest genome-wide association study to date of DSM-IV-diagnosed 
AD. Genome-wide data on 14,904 individuals with AD and 37,944 controls from 28 case�control and family-based studies 
were meta-analyzed, stratified by genetic ancestry (European, n���46,568; African, n���6,280). Independent, genome-wide 
significant effects of different ADH1B variants were identified in European (rs1229984; P���9.8���10�13) and African ancestries 
(rs2066702; P���2.2���10�9). Significant genetic correlations were observed with 17 phenotypes, including schizophrenia, 
attention deficit�hyperactivity disorder, depression, and use of cigarettes and cannabis. The genetic underpinnings of AD 
only partially overlap with those for alcohol consumption, underscoring the genetic distinction between pathological and 
nonpathological drinking behaviors.

Excessive alcohol use is a leading contributor to morbidity and 
mortality. One in 20 deaths worldwide is attributable to alco-
hol consumption, as is 5.1% of the global burden of disease1. 

AD, as defined by the Fourth Edition of the American Psychiatric 
Association�s Diagnostic and Statistical Manual of Mental Disorders 
(DSM-IV)2, is a serious psychiatric disorder characterized by toler-
ance, withdrawal, loss of control over drinking, and excessive alco-
hol consumption despite negative health and social consequences. 
Among alcohol drinkers, 12% meet criteria for DSM-IV AD during 
their lifetimes3. In the United States, only 25% of those with AD ever 
receive treatment4.

AD is moderately heritable (49% by a recent meta-analysis)5 and 
numerous genome-wide association studies (GWAS) have aimed to 
identify loci contributing to this genetic variance (see ref. 6 for a 
review). According to one study, common single-nucleotide poly-
morphisms (SNPs) are responsible for as much as 30% of the vari-
ance in AD7, but few have been identified to date. Variants in the 
genes responsible for alcohol metabolism, especially ADH1B and 
ALDH2, have been strongly implicated8�13. The association between 
AD (and related drinking phenotypes) and rs1229984, a missense 
SNP (Arg48His) in ADH1B that affects the conversion of alcohol to 
acetaldehyde, represents one of the largest common-variant effect 
sizes observed in psychiatry, with the His48 allele accelerating etha-
nol metabolism and affording an approximately threefold reduction 
in likelihood of AD across numerous studies8,10. Another functional 
polymorphism, rs671 in ALDH2 (Glu504Lys), strongly affects alco-
hol metabolism by blocking conversion of acetaldehyde to acetate 
and has an even stronger effect on risk for AD, but is rare except in 
some Asian populations8,12,13 ADH1B and ALDH2 polymorphisms, 
however, only explain a small proportion of the heritable variation 
in AD in populations of European or African ancestry.

In this study, the Substance Use Disorders working group of 
the Psychiatric Genomics Consortium (PGC-SUD14) compiled 
the largest numbers of carefully diagnosed alcohol-dependent 
individuals and alcohol-exposed controls to date, from both case�
control and family studies. These included substantial numbers of 
people with European ancestry (EU, n �  46,568, including 38,686  

unrelated individuals) and people with admixed African-American 
ancestry (AA, n �  6,280, including 5,799 unrelated individuals) 
subjects. AD diagnoses were derived from clinician ratings or sem-
istructured interviews following DSM-IV2 criteria. Each study was 
subjected to stringent quality control before conducting GWAS 
within each population of each study, followed by a genome-wide 
meta-analysis. We estimated the SNP-heritability (h2

g) of AD 
and examined the extent to which aggregate genetic variation in 
AD is related to traits from 45 other GWAS, including continu-
ous measures of alcohol consumption. We also examined whether 
polygenic risk scores (PRS) derived from these analyses predicted 
alcohol dependence and related measures of problem drinking in 
three independent samples.

Results
GWAS meta-analyses. The transancestral discovery meta-anal-
ysis of GWAS of AD in 28 cohorts (Table 1 and Supplementary  
Table 1) identified a genome-wide significant (GWS; P �  5 �  10�8) 
association in the ADH gene cluster on chromosome 4 (Fig. 1 and 
Table 2). Examining this locus in each population (Fig. 2), rs1229984 
in ADH1B was the strongest associated variant from the analysis 
in EU (z �  �7.13, P �  9.8 �  10�13), while rs2066702, also in ADH1B, 
was the most significant variant in AA (z �  �5.98, P �  2.2 �  10�9). 
Transancestral modeling reinforced the robust effects of rs1229984 
and other ADH1B SNPs on liability to AD across inverse-variance 
weighted, random effects, and Bayesian models (Supplementary 
Fig. 1 and Supplementary Table 2).

Clumping the ADH locus for linkage disequilibrium (LD; 
r2 �  0.1 within 500 kb) suggested multiple independent signals in 
both populations, with the differing leading alleles reflecting dif-
ferent LD structures and allele frequencies in each population 
(Table 2 and Supplementary Fig. 2). Conditional analyses control-
ling for rs1229984 and rs2066702 had limited power, but results 
showed limited attenuation of effect sizes between marginal and 
conditional analyses, consistent with the existence of additional 
independent effects in the region (Supplementary Table 3 and 
Supplementary Fig. 3). Suggestive independent signals in the 
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