
Prompt to Gemini 3 Pro: Please explain the relation between genome-wide association 
studies and alcohol consumption behavior.  I'd specifically like to know the degree to which 
certain alleles can predict number of drinks per week, as opposed to, say problematic 
alcohol abuse. 

 

The relationship between Genome-Wide Association Studies (GWAS) and alcohol 
behaviors is defined by a high genetic overlap (correlation) but a distinct "genetic 
architecture." In short, the genes that predict how much you drink are largely—but not 
entirely—the same as the genes that predict whether you will develop alcohol abuse 
problems. 

Below is an explanation of the degree of prediction and the specific biological distinctions 
between these two behaviors. 

1. The Genetic Distinction: Quantity vs. Dependence 

While "drinks per week" and "alcohol use disorder" (AUD) might seem like points on the 
same spectrum, genetically they are distinct phenotypes with a correlation of 
approximately 0.8. 

 Overlapping Genes (Metabolic): Variants that aƯect how your body processes 
alcohol (metabolism) tend to aƯect both how much you drink and your risk of 
abuse. 

 Distinct Genes (Neurological): Variants that aƯect brain reward systems (like 
dopamine receptors) are often more specific to the pathology of addiction rather 
than simple consumption levels. 

2. Degree of Prediction: Can alleles predict your "Drinks Per Week"? 

The Short Answer: On a population level, yes. On an individual level, the prediction is 
currently weak. 

GWAS can identify variants that are statistically associated with the number of drinks per 
week (DPW), but the "eƯect size" of any single variant is usually tiny. 

The "Metabolic Shield": ADH1B and ALDH2 

The strongest predictors for both quantity and abuse are genes involved in alcohol 
metabolism. These act as a biological "brake" on consumption. 

 The Gene: ADH1B (Alcohol Dehydrogenase 1B). 



 The Allele: The variant rs1229984 (specifically the A-allele) speeds up the 
conversion of alcohol into toxic acetaldehyde. 

 The EƯect: This accumulation makes drinking unpleasant (flushing, nausea). 

 Predictive Degree: 

o Drinks Per Week: Carriers of this protective allele consume roughly 17% 
fewer units of alcohol per week compared to non-carriers. 

o Abuse Risk: Because they drink less due to discomfort, their risk of Alcohol 
Use Disorder is significantly lower (Odds Ratio ~0.7, meaning a 30% lower 
risk). 

 Takeaway: This is the rare case where a single gene has a measurable impact on 
"drinks per week"—essentially forcing a "moderate" drinking behavior by making 
excess physically uncomfortable. 

The "Sweet Tooth" Gene: KLB & FGF21 

These genes highlight the distinction you asked about—predicting consumption rather than 
abuse. 

 The Gene: KLB (Beta-Klotho) and FGF21. 

 The Function: These regulate sweet taste preference and sugar seeking. 

 Predictive Degree: Variants in these genes are associated with lower alcohol 
consumption (fewer drinks per week) but are not strongly associated with the 
psychiatric diagnosis of Alcohol Use Disorder. 

 Takeaway: These alleles might predict that a person stops after one glass of wine 
(perhaps due to taste or satiety), but they don't necessarily predict the 
psychological compulsion associated with addiction. 

3. Polygenic Risk Scores (PRS) 

Since most alcohol behaviors are "polygenic" (influenced by thousands of tiny genetic 
markers), scientists use Polygenic Risk Scores to aggregate these eƯects. 

 Predicting "Drinks Per Week": A PRS built for alcohol consumption explains only 
about 1–2% of the variance in how much people drink. This means genetics is a 
very poor tool for predicting if a specific individual drinks 5 vs. 10 drinks a week—
lifestyle and environment are far stronger predictors. 



 Predicting Abuse (AUD): A PRS built for Alcohol Use Disorder is slightly more robust 
at the extremes. Individuals in the top 5% of genetic risk are roughly 2x more likely 
to develop problematic abuse than the rest of the population. 

Summary Table: Consumption vs. Abuse 

Feature 
Drinks Per Week 
(Consumption) 

Problematic Abuse (AUD) 

Primary Genetic 
Drivers 

Metabolism (ADH1B) & 
Taste/Satiety (FGF21, KLB) 

Neurobiology (DRD2 - Dopamine) 
& Psychiatric risk 

Genetic 
Correlation 

~0.80 (High overlap with 
AUD) 

~0.80 (High overlap with 
Consumption) 

Predictive 
Power (Single 
Allele) 

ADH1B carriers drink ~17% 
less volume/week. 

ADH1B carriers have ~30% lower 
risk of diagnosis. 

Predictive 
Power (Total 
Genetics) 

Explains ~10–13% of 
variance (SNP heritability). 

Explains ~10–13% of variance 
(SNP heritability). 

Key Takeaway 
Genes eƯectively predict 
biological limits 
(toxicity/nausea). 

Genes eƯectively predict 
psychiatric vulnerability 
(reward/compulsion). 

Conclusion 

The degree to which alleles can predict "drinks per week" is statistically significant but 
individually modest. The most powerful alleles (like those in ADH1B) function essentially as 
a toxicity barrier—they predict lower consumption by making high consumption physically 
painful. In contrast, alleles associated specifically with abuse (and not just quantity) tend 
to cluster around brain function and are less about "how much" you can drink, and more 
about "how much you want" to drink despite negative consequences. 

 


