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Genome-wide association studies link genomics and health data
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Simple GWAS

[Uffelman et al. 2021] 

Predict individual disease risk

Identify associated SNPs

Case vs. control PRS distribution

Covariates Z: age, sex, 
principal components of G 

(represent genetic ancestry)



Phenotype misclassification affects GWAS results

In a simple regression of a binary phenotype on a binary risk factor, we 
observe the following effect size:

In regression models including covariates, it has been shown that

• Assuming perfect specificity, effect sizes bias towards null with decreased 
sensitivity (increase in false negatives)

• With imperfect specificity (increase in false positives), effect sizes bias either 
towards or away from the null
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[Duffy et al. 2004, Beesley et al. 2020] 

Accurate EHR phenotyping reduces Type I and II errors



Goal: to assess the impact of various rule-based phenotyping algorithms on 
GWAS outcomes, examining factors such as power, heritability, replicability, 
functional annotations, and polygenic risk score prediction accuracy.
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Rule-based phenotyping algorithms with varying levels of complexity
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high complexity high & medium complexity medium complexity low complexity

High-complexity algorithms rely on a more diverse set of data domains to identify cases for 
cohort entry 

Algorithms found similar condition concepts in top index events 



High complexity EHR phenotyping rules result in increased GWAS 
power

Cohorts created with the high complexity algorithms had the highest number of cases 

High complexity algorithms generally found a greater number of GWAS hits
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Number of GWAS hits by algorithm & diseaseNumber of cases by algorithm & disease



High complexity EHR phenotyping rules result in an increased 
number of coding and functional GWAS hits
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High complexity algorithms generally resulted in the greatest number of colocalized variants 

High complexity algorithms generally resulted in higher numbers of novel hits on the coding 
genome (i.e., exons), including in exons of the most relevant genes for each disease

Number of variants causal for disease and gene expression



Key Takeaways

• High complexity phenotyping algorithms generally improve GWAS outcomes, 
including increased power, hits within coding and functional genomic regions, and co-
localization with expression quantitative trait loci

• Biobank-scale GWAS can benefit from phenotyping algorithms that integrate multiple 
data domains

• Curated repositories of complex, high-quality phenotyping algorithms are essential 
to advance the understanding of disease etiology
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