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Abstract

Genome-wide association studies (GWAS) have made clear that single-nucleotide variants 

(SNVs) that occur at multiple locations across the genome can be associated with a specific 

condition or trait, also known as a phenotype. Phenome-wide association studies (PheWAS) invert 

the idea of a GWAS by searching for phenotypes associated with specific SNVs across the range 

of thousands of human phenotypes, or the “phenome” (Figure). Analogous to GWAS, PheWAS 

have shown that specific genetic variations may be associated with multiple conditions and traits.

How It Works

The key requirement for PheWAS is a data set that includes a broad range of phenotypes 

ascertained in large numbers of patients. The technique was developed with electronic health 

records (EHRs) linked to DNA databases1–4 to find phenotypic associations with target 

SNVs. More recently, PheWAS has been used to analyze other types of data sets that 

include genetic information linked with extensive phenotype data. Example data sets include 

the UK Biobank, an epidemiologic cohort of 500 000 individuals with dense phenotypic 

data obtained by standardized questionnaires and other phenotyping methods (including 

incorporation of EHR data), and data held by the genetic testing company 23andMe, in 

which phenotype information has been solicited by questionnaires from more than 10 

million participants.5

Initial validation of the PheWAS method was achieved through replication of known 

GWAS results by working backward from SNVs previously associated with a trait 

to determine whether those SNVs could be shown to be associated with the same 

phenotype among populations of individuals who had had phenotyping for many traits 

and conditions. For example, an early study conducted in the Electronic Medical Records 

and Genomics (eMERGE) network was a GWAS that included a population of 1317 

individuals with hypothyroidism and 5053 controls without it. The study demonstrated 

significant associations between variants near FOXE1 and hypothyroidism (odds ratio [OR], 
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0.74 [95% CI, 0.67–0.82]; P = 3.96 × 10−9). A subsequent PheWAS of 13 617 individuals 

with greater than 200 000 patient-years of billing data identified statistically significant 

associations between the FOXE1 variants and hypothyroidism (n = 2108; OR, 0.76 [95% CI, 

0.70–0.81];P = 2.7 × 10−13), as well as other thyroid-related phenotypes.3,4

As another example of validation of PheWAS, a study from the Emerge network2 examined 

the relationships among 3144 SNVs associated with human phenotypes in previous 

GWAS and 1358 phenotypes ascertained in EHRs that included 13 835 individuals and 

replicated 66% of previously reported GWAS results. This study also showed that the 

target SNVs could have associations with multiple phenotypes. For example, variants in 

IRF4, previously associated with hair and eye color, were significantly associated with 

actinic keratosis, nonmelanoma skin cancers, and susceptibility to sunburn. Discovery of 

previously unrecognized shared relationships may improve current understanding of shared 

mechanisms across diseases.2,6

Subsequent to the initial studies validating the approach, PheWAS had been used to validate 

the importance of genes studied in animal models for human disease: variants in the 

transcription factor ETV1, previously implicated in development of the cardiac conduction 

system in the mouse, were significantly associated with conduction system abnormalities in 

26 256 adults of European ancestry and 3269 of African ancestry.7 Additionally, PheWAS 

has been applied to the drug development process. A study examined 25 SNVs in 19 genes 

encoding proteins that are known drug targets in up to 697 815 individuals with phenotyping 

for a large number of traits.5 The analysis replicated 75% of known GWAS associations with 

these 19 genes and identified new associations in 9. These new associations may identify 

potential adverse drug reactions or new clinical applications for existing drugs.

Although initial PheWAS explored associations among single SNVs and multiple 

phenotypes, any independent variable, including laboratory values, biomarkers, or even 

a disease or symptom of interest, can serve as the starting point for a PheWAS study. 

For example, although variability in gene expression is not conventionally captured in 

EHRs or other large data sets, it is possible to use combinations of SNVs to predict 

gene expression and to then use PheWAS to search for associations with predicted gene 

expression across human phenotypes. This approach, termed PrediXcan, has been used to 

identify statistically significant and previously unanticipated associations between predicted 

altered gene expression and human disease.8 Another example developed a multi-SNV 

predictor of thyroid-stimulating hormone (TSH) level from previous GWAS, and a PheWAS 

that included 37 154 individuals with dense genotyping in an EHR (and excluded patients 

with known thyroid disease) identified a significant association between low predicted TSH 

and hyperthyroidism and atrial fibrillation risk, supporting the idea that sub-clinical thyroid 

disease predisposes to the latter.9

Important Care Considerations

Researchers using PheWAS should be cautious about false-positive findings. Bonferroni 

correction for thresholds for statistical significance can be used to adjust for the number of 

phenotypes tested in a PheWAS. Novel associations should be validated by replication in 
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independent sets or by entirely different human, animal, or cellular studies. As with GWAS, 

study results may be ancestry dependent (especially if target SNVs vary by ancestry) 

and may be confounded by unmeasured variables such as environmental influences on 

phenotypes.

PheWAS relies on high-throughput phenotype definitions that are prone to misclassification 

among cases and controls, which increases the chance of type 2 error. Many PheWAS 

studies rely on billing codes, which introduce potential errors and variability across 

sites. The potential for false-negative results makes it difficult to interpret a “null 

PheWAS” (ie, one that does not yield any significant associations after correction). Current 

implementations of PheWAS have not yet taken advantage of the full richness of data sets 

available in EHRs or in epidemiologic cohorts. Thus, for example, laboratory data have 

generally not been incorporated into PheWAS phenotypes.

Potential Value

PheWAS has been developed during the last decade as a research tool. One application 

is to validate GWAS results (as described earlier). Another is to better understand genetic 

contributions to human disease, and to begin to identify shared mechanisms across diseases. 

The approach provides validation for important biologic findings and may have an important 

role in drug development and repurposing. In addition, PheWAS can be applied to all 

variants available in a data set, producing a PheWAS × GWAS catalog of associations for 

exploratory analyses. PheWeb10 is a tool to visualize these large data sets, and presents 

PheWAS × GWAS catalogs for UK Biobank, the Michigan Genomics Initiative, and the 

Finnish resource Finnish Metabolic Sequencing (FinMetSeq).

Evidence Base

PheWAS are not yet used in clinical care. The evidence base for research use of PheWAS 

is literature derived and, in parallel to GWAS, it is clear that large numbers of study 

participants enable the identification of statistically robust, and thus likely more biologically 

compelling, associations.

Conclusions

PheWAS is a powerful technique that could help facilitate new insights about how genetic 

variation relates to phenotypic variation across human populations. As increasing numbers 

of researchers make use of PheWAS to drive scientific discovery, the hope is that these 

discoveries will translate to better understanding of genetic contributions to various diseases 

and long-term improvement in clinical care.
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Figure. Genome-Wide Association Study (GWAS) Compared With Phenome-Wide Association 
Study (PheWAS)
A GWAS (top) contrasted with a PheWAS (bottom). A GWAS starts with families or 

populations in which individuals have been assigned affected or unaffected status for a 

disease or other trait, such as a complication of a disease or an adverse outcome during 

drug treatment, and searches for associated genetic variants. A PheWAS starts with a genetic 

variant and searches across a set of curated human phenotypes (the “phenome”) to identify 

associated phenotypes. The “input function” for the PheWAS can be a single genetic variant 

or sets of variants or other traits.
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