
Progress in genomics of substance use 
traits across the genome

Joel Gelernter
Foundations Fund Professor of Psychiatry
Professor of Genetics and of Neuroscience

Director, Division of Human Genetics in Psychiatry
Yale University School of Medicine

VA CT Healthcare Center



COI

• Compensation for editorial work on the journal, Complex Psychiatry. 



Psychiatric genomics = 
Complex trait genomics

• Psychiatric (including substance use) traits are genetically 
complex: many risk variants, usually of individually small 
effect

• The best way to identify these risk variants is via 
genomewide association studies (GWAS)



Genomewide association studies (GWAS) in 
psychiatry: 2026
• Large studies have had an enormous impact on the field re: risk locus 

identification.

• First mega-analyses (such as those from the Psychiatric Genomics 
Consortium, PGC) and now biobanks (such as the UK Biobank, the Million 
Veteran Program, All of Us, Estonian Biobank, others): larger samples, more 
discovery. 

• What’s considered “Large” is evolving rapidly. Samples >1,000,000 are 
common now!  E.g. our 2021 depression study, n=1,200,000; then the 2025 
PGC depression CELL paper, n>5,000,000!

• We like to identify gene variants that affect risk; but the ultimate goal is about 
the biology that comes out of well-powered GWAS… pleiotropy, pathways, 
mechanisms, better understanding of diagnosis, risk prediction, drug 
repurposing – i.e. clinical implications



Just about as old as ALBATROS!
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Biobanks most useful for 
common disorders

Stimulant use disorder
PGC meta-GWAS posted 
this morning (June 11 

2026) on MedRxiv



Alcohol trait genetics: 
metabolism and genetic polymorphism

EtOH
ADH  

“Flushing reaction”
(facial flushing,
lightheadedness,

palpitations, nausea)

Acetaldehyde Ac
ALDH

ALSO: GI-tract cancers



Flushing reaction
• Some people – particularly people of Asian ancestry – tend to 

flush when they drink alcohol. Associated with rapid heartrate, 
and sometimes nausea and headache

• This is mostly genetically determined

• Perceived as aversive

• Increases risk for some oral cancers

https://vocal.media/proof/the-science-behind-why-you-turn-red-when-you-drink-alcohol





December 2018: One well-replicated locus
In European and African-ancestry populations

• Raymond K Walters, et al. 2018

• PGC SUD working group

• DSM-IV alcohol dependence (AD)

• N=52,848

• European and African ancestries

From the Psychiatric Genomics Consortium 



2019



Meta-analysis for AUD = Alcohol Use Disorder 



Meta-analysis for AUDIT-C 

High LD with ALDH2Analysis: Hang Zhao PhD



AUDIT-C: quantity/frequency (state measure) 
• How often did you have a drink containing alcohol in the past 

year? Consider a "drink" to be a can or bottle of beer, a glass of 
wine, a wine cooler, or one cocktail or a shot of hard liquor (like 
scotch, gin, or vodka). 

• Response options were never (0 points); monthly or less (1 point); 2 to 4 times a 
month (2 points); 2 to 3 times a week (3 points); 4 to 5 times a week (4 points); or 
6 or more times a week (4 points).

• How many drinks did you have on a typical day when you were 
drinking in the past year? 

• Response options were 0 drinks (0 points); 1 to 2 drinks (0 points); 3 to 4 drinks (1 
point); 5 to 6 drinks (2 points); 7 to 9 drinks (3 points); or 10 or more drinks (4 
points).

• How often did you have 6 or more drinks on one occasion in the 
past year? 

• Response options were never (0 points); less than monthly (1 point); monthly (2 
points); weekly (3 points); or daily or almost daily (4 points).



Overlapping and Independent GWS Signals for the two 
phenotypes (EAs): Alcohol Use Disorder, AUDIT-C

AUD: 10 loci
AUDIT-C: 13 loci

Of which 5 overlap
Now we have full genomewide data for 
AUD and AUDIT-C. These can be used 
for downstream analyses…



Gelernter & Polimanti, Nature 
Reviews Genetics, 2021



Genetic correlation, EUR only

Anthropometric

Coronary artery disease

Psychiatric



Conclusions from MVP Studies: 
AUD and Related Traits

• Multiple novel loci
• Some contributed to both traits - AUDIT-C alcohol consumption, AUD risk
• Others associated with one or the other 

• Heavy drinking, although a necessary precondition for the development of AUD, may not be 
sufficient to cause it.

• Variation in CNS genes, such as DRD2, may be more important for AUD to occur in the context of heavy 
drinking.

• Strongest loci (alcohol metabolizing enzyme genes that have survived from the candidate gene era) identified 
by all of  alcohol-related traits

• GENETIC DIFFERENCES BETWEEN AUD (DEPENDENCE) AND AUDIT-C (QUANTITY/FREQUENCY)

• Huge samples get you a lot more, but it may be important to pay close attention to the phenotypes you’re 
combining and the proxies you may be employing
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• AUD and closely related traits – PROBLEMATIC ALCOHOL USE
 Fewer studies have focused on AUD than “quantity-frequency” measures
 Quantity-Frequency measures (like AUDIT-C) get much of their information from normal-range 

variation
• Only focused on European samples – because of relative lack of other populations to study

Meta-analysis study with new data. Nature Neuro 2020



Zhou et al, 
Nature 
Medicine



Cross-ancestry genetic architecture

Cross-ancestry meta-analysis



PhewPRS in Yale-Penn

Base: AFR (N=122,571)

Yale-Penn (N~4,900),
~570 phenotypes

Alcohol

• recruited for genetic studies of SUDs, 
• deeply phenotyped 
• includes >3500 items
• reliable diagnoses and criterion counts for SUDs and 

psychiatric disorders

 Kember et al., 2023



Drug repurposing: Using genomics data to identify existing 
drugs related to the revealed biology of the trait of interest 

• Independent genetic signals from the cross-ancestry meta-analysis 
were searched in OpenTargets.org for druggability and medication 
target status based on nearest genes. 

• Among them, OPRM1 implicated naltrexone and GABRA4 implicated 
acamprosate, both current treatments for AUD. 

• Additionally, the genes DRD2, CACNA1C, DPYD, PDE4B, KLB, BRD3, 
NCAM1, FTO, and MAPT, were identified as druggable genes.



Alcohol genomics summary

• Cross-ancestry meta-analysis of Problematic Alcohol Use in 1,079,947 individuals
• Shared genetic architecture between EUR and non-EUR
• Cross-ancestry fine-mapping improved the identification of likely causal variants
• Prioritized genes through gene expression and/or chromatin interaction in brain tissues
• Genetic correlations and phenome-wide PRS analyses in AFR
• Little data in Asian-ancestry subjects



Gelernter & Polimanti, Nature 
Reviews Genetics, 2021



Using genomics to 
answer a clinical 

question: Alcohol and 
cognitive function



JAMA 2003 – highly influential article



Does this really make sense?

• There are lots of confounders that could explain this result
• E.g. “sick quitters” – people who report no alcohol use when assessed 

but who have lifetime diagnoses of alcohol use disorder
• They count in the “zero alcohol” category but this might not reflect 

their alcohol-related risk

• Maybe the result – that drinking alcohol reduces dementia risk -- 
doesn’t really make sense. Does it hold up?





Alcohol and cognitive function: Phenotype study

• Higher alcohol consumption over the 30 year follow-up was associated 
with increased odds of hippocampal atrophy in a dose dependent fashion.

• There was no protective effect of light drinking (1-<7 units/week) over 
abstinence

• Higher alcohol consumption over the study predicted faster decline on 
lexical fluency but not semantic fluency or word recall. Those drinking 7-
<14, 14-<21, and >21 units a week declined faster in terms of lexical scores 
than abstainers.

• Lexical fluency is the ability to efficiently retrieve words from long-term memory, 
often measured by generating words starting with certain letters under time 
constraints

• Topiwala et al 2017… before rich alcohol trait GWAS results (at this time only confirmed 
risk genes in European-ancestry mapped to ADH1B)



Adding genomics: We now have well-
powered GWAS for numerous alcohol traits
• Alcohol use disorder and problematic alcohol use; AUDIT-C – our 

work
• Drinks per week – best data are from GSCAN 

• Now that we have GWAS data, we can use the genomewide 
information to explore how alcohol traits relate genetically to other 
traits… 

• Collaborations re: dementia traits with Dr Anya Topiwala, Univ. of 
Oxford





BMJ EBM study 2025 – Topiwala et al

• Setting Two large-scale population-based cohorts: the US Million 
Veteran Program and UK Biobank. Genetic analyses used summary 
statistics from genome-wide association studies (GWAS). 

• Participants 559,559 adults aged 56–72 years at baseline were 
included in observational analyses (mean follow-up: 4 years in the US 
cohort; 12 years in the UK cohort). Genetic analyses used summary 
data from multiple large GWAS consortia (2.4 million participants).

• Main outcome measures Incident all-cause dementia, determined 
through health record linkage, and genetic proxies.



Results

• During follow-up, 14,540 participants developed dementia and 48,034 died.
• Observational phenotype-only analyses revealed U-shaped associations between alcohol 

and dementia risk: higher risk was observed among non-drinkers, heavy drinkers (>40 
drinks per week), and those with alcohol use disorder compared with light drinkers. 

• In contrast, Mendelian randomization genetic analysis identified a monotonic increase in 
dementia risk with greater alcohol consumption. A one standard deviation increase in 
log-transformed drinks per week was associated with a 15% dementia increase (IVW 
OR=1.15[1.03-1.27]). A two-fold increase in AUD prevalence was associated with a 16% 
increase in dementia risk (inverse-variance weighted [IVW] OR=1.16[1.03-1.30]). 

• Alcohol intake increased dementia, but individuals who developed dementia also 
experienced a decline in alcohol intake over time, suggesting reverse causation—where 
early cognitive decline leads to reduced alcohol consumption—underlies the supposed 
protective alcohol effects in observational studies. 



Mendelian randomization

• Mendelian randomization uses genes as “natural experiments.”
• Genetic variants are transmitted randomly at conception
• So genetic variants are not influenced by lifestyle, environment, or 

disease 
• That makes them useful as unbiased proxies for certain exposures 

• Some genetic variants can be used to predict clinical phenotypes.



Simple one-variant example

• MR says:
• Use ADH1B genotype as a proxy for lifetime alcohol exposure 
• Why this works:

• Your genotype is fixed at conception 
• It is not caused by your behavior or environment 
• It influences alcohol use behaviors including alcohol use disorder
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Conclusions: Powerful GWAS results aid in 
drawing clinically-useful conclusions
• Evidence for a relationship between all types of alcohol use and increased 

dementia risk.  
• While correlational observational data suggested a protective effect of light 

drinking, this could be in part attributable to reduced drinking seen in early 
dementia; or current non-drinkers who previously did drink

• Less-confounded genetic analyses did not support this, suggesting that any 
level of alcohol consumption may contribute to dementia risk. 

• Public health strategies that reduce the prevalence of alcohol use disorder 
could potentially lower the incidence of dementia by up to 16%.



Caulkins, 2024. Addiction (PMID 38775461)

Cannabis use -- US household surveys
DND = daily or near daily



Current (MVP) Cannabis Use Disorder meta-analysis
Levey et al – Nature Genetics, 2023

• New additions of an updated iPSYCH cohort, Yale Penn, 
MGH/Partners Biobank, and MVP.

• For meta with previous PGC analysis: Leave-one-out analysis for 
us, subtracting iPSYCH from the PGC sumstats.

• A cannabis use disorders phenotype was derived from the VA 
electronic health records for the MVP portion of the analysis.



AMR Status N
MVP Case 2,774

38,289Control 35,515

EAS Status N
MVP Case 194

6,843Control 6,649

AFR Status N
Total Case 19,065

123,208Control 104,143

EUR Status N
Total Case 42,281

866,025Control 843,744

GWAS and GWAS meta-analysis 
stratified by 4 genetic ancestries, 
labeled by 1000 Genomes reference 
panel used in the definition:

EAS = East Asian

AMR = Americas
h2=16.8%

AFR = African
h2=12.7%

EUR = European
h2=8.5%

Population derived LD scores used to 
calculate h2 in non-European groups.

Significant heritability in 3 of 4 
ancestries



42,281 cases and 843,744 controls
22 Genomic risk loci
25 Independent lead SNPs

Lead SNP is near CHRNA2, identical to prior iPSYCH study
SNP near FOXP2 remains genomewide-significant
20 additional novel loci
 

FOXP2

CHRNA2

SPACA1/ 
CNR1 DRD2

LAMB2

FOXP1

GABRB1



Comparison of genetic correlations between Cannabis Use (Blue) to Cannabis Use Disorders (Red) and other traits.
Cannabis Use Disorders share far more underlying genetic architecture with psychopathology.





MR analyses of CanUD and cannabis use versus psychiatric
disorders



Cannabis use, cannabis use disorder, and other psychiatric 
traits: conclusions from genomics data

• Increasing evidence for genetic differences between cannabis 
use and CanUD

• CanUD increases risk of developing SUDs and other psychiatric 
disorders. 

• This is often bidirectional: Multiple psychiatric disorders 
increase risk for cannabis use traits



CanLU GWAS – EUR (Meta-Analysis)



Genomic Variation Predicts Real-Time Δ⁹-
tetrahydrocannabinol Response in Humans



Why do this work?

• Genetics studies require large samples and many years of work, so why do 
them?

• For psychiatric and SUD traits, genes tend to account for about 50% of the risk 
– some a little lower, some much higher

• If we understand the genes that predispose to risk, we can understand part of the 
biology of the disorder

• Once we have genomewide data from GWAS, we can look at the genetic 
relationships between the disorder of interest and other disorders and traits – 
pleiotropy analyses, Mendelian randomization, etc… GWAS provides the tools 
to answer clinically important questions.
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