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UKB Manuals

https://biobank.ndph.ox.ac.uk/showcase/exinfo.cgi

UKB Showcase > Index > Essential Information
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Health-Related Outcome Categories

Primary Care

Hospital Inpatient

Cancer Register

Death Register

Assessment centre interviews

First Occurrences

Algorithmically-defined outcomes

Coronavirus COVID-19
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How to browse data
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Linked Health Data
• Linkage with electronic health record databases from England, Wales and Scotland
• Files sent to UKB quarterly for death and cancer, annually for hospital activity data

• Primary care data
• available for ~230,000 UKB Participants up to 2016 or 2017
• GP system
• Consultations, diagnoses, procedures & laboratory tests
• Read v2 and Read CTV3 codes (since 1985)

• Hospital inpatient data
• Available for full cohort
• Hospital admission data: date, diagnosis & procedures
• ICD9 & ICD10 codes

• Cancer data
• ICD9 & ICD10 codes & cancer histology code

• Death data
• Date & cause of death
• ICD10 codes



6

Hospital inpatient data: ICD10 codes

• Diagnostic codes used for billing
• Grouped into 22 chapters 
• Great for hypothesis-free approaches
• 4-digit codes

number of individuals with the code

use data coding 
file to decrypt 

data
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Hospital inpatient data: ICD10 codes

Date of diagnosis available

Main reason for admission

Additional 
diagnoses during 
stay
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Hospital inpatient data: ICD10 codes

EID ICD10.0 ICD10.1 ICD10.2 ICD10.3 ICD10.4 ICD10.5
1 D50.1 

Sideropenic
dysphagia

K36 Other 
appendicitis

2 N60.4 Mammary 
duct ectasia

N99.0 
Postproced
ural renal 
failure

O04.9 
Complete or 
unspecified, 
without 
complication

S70.7 Multiple 
superficial 
injuries of hip 
and thigh

K36 Other 
appendicitis

3
4 K51.0 Ulcerative 

(chronic) 
enterocolitis

H40.9 
Glaucoma, 
unspecified

F20.5 
Residual 
schizophrenia

F40.0 
Agoraphobia

G72.4 
Inflammatory 
myopathy, not 
elsewhere 
classified

V10.0 Driver 
injured in 
nontraffic 
accident

Example data structure
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Self Report Conditions
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First Occurrences
• Created by UKB - available for a wide range of health outcomes across self-report, primary 

care, hospital inpatient data and death data, mapped to a 3-character ICD10 code.
• Great for single-disease approaches
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First Occurrences

https://biobank.ndph.ox.ac.uk/ukb/ukb/docs/first_occurrences_outcomes.pdf
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First Occurrences
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Same 3-character ICD10 code ≠ Same Disease

Adenomyosis
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Phecode Mapping
Lots of specific ICD10 codes à low power for discovery
Phecodes: a high-throughput strategy for defining phenotypes using ICD10 codes

Wu P, Gifford A, Meng X, Li X, Campbell H, Varley T, Zhao J, Carroll 
R, Bastarache L, Denny JC, Theodoratou E, Wei W
Mapping ICD-10 and ICD-10-CM Codes to 
Phecodes: Workflow Development and Initial 
Evaluation
JMIR Med Inform 2019;7(4):e14325
doi: 10.2196/14325 PMID: 31553307 PMCID: 6911227

• Maps can be downloaded from the PheWAS catalog
• https://phewascatalog.org/files/Phecode_map_v1_2_icd10_beta.csv.zip
• https://phewascatalog.org/files/phecode_definitions1.2.csv.zip.

https://doi.org/10.2196/14325
https://www.ncbi.nlm.nih.gov/pubmed/31553307
https://www.ncbi.nlm.nih.gov/pmc/articles/6911227
https://phewascatalog.org/files/Phecode_map_v1_2_icd10_beta.csv.zip
https://phewascatalog.org/files/phecode_definitions1.2.csv.zip
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Phenome-wide association study (PheWAS)

Why?
• Explore pleiotropic SNP effects
• Investigate the pleiotropic effects of genetic liability to a condition/trait in individuals with or without the 

condition
• Utilisation of a cohort that hasn’t been phenotyped for the condition if interested in genetic liability 

What do you need?
• Large cohort of individuals phenotyped for many traits with matched genotype data
• If running single SNP PheWAS, a SNP of interest
• If running PRS PheWAS, GWAS summary statistics derived from a different cohort

rs1 A/T Trait PRS
Trait 1
Trait 2
Trait …
Trait 600

Trait 1
Trait 2
Trait …
Trait 600
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Readily Available PheWAS Results
OpenTargets Genetics
PheWASs performed in UKB, FinnGen and GWAS Catalog available

rs11031005 (T/C) PheWAS

https://genetics.opentargets.org/Only traits with P-value < 0.005 are shown
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Performing a PheWAS in the UKB

Filter cohort
• Remove related individuals
• Ancestry
• Filter by sex (if desired)
• Remove individuals with index phenotype? 

(if performing PRS-PheWAS)

Determine genotype or PRS for cohort

Pick Phenotypes
• Hospital Inpatient (ICD10 codes)
• blood & urine biomarkers
• baseline characteristics e.g., height, age at 

menarche, hair/balding pattern, handedness
• other

Map ICD10 codes to phecodes

Choose appropriate covariates
• Age
• Sex
• Genetic PCs

Quality Control
• Filter to phenotypes with a decent sample size
• Remove unreasonable values/values that may 

represent a pathology (e.g. age at menarche of 
5)

• Transform data (if needed)

Perform PheWAS Association Model 
• e.g., logistic regression for binary 

phenotypes (e.g., phecodes) with PRS

GWAS Summary Statistics
• Necessary if performing PRS-PheWAS
• Ensure GWAS summary statistics 

were not generated from the target 
sample (UKB)

UKB

UKB

External

SNP Selection for Scoring
• e.g., Clumping & Thresholding, 

SBayesR, LDPred etc. 
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Running a PheWAS in UKB

EID PRS Age PC1 … PC10 Phecode1 Phecode2 … Phecode600
1 0.61 65 0.345 -0.235 1 0 1
2 0.05 82 0.214 0.521 0 1 1
3 1.24 76 -0.531 0.951 0 0 0
4 -0.85 72 0.001 -0.315 0 0 0
5 -0.41 89 -0.817 0.128 1 0 0
6 0.29 91 0.412 -0.469 0 0 1

glm(Phecode1~PRS+Age+PC1+PC2+PC3+PC4+PC5+PC6+PC7+PC8+PC9+PC10, data=dataframe1, family="binomial")

• Repeat for all phecodes 
• Correct for multiple testing
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PRS-PheWAS for Endometriosis

McGrath, I.M., International Endometriosis Genetics Consortium., 
Montgomery, G.W. et al. Polygenic risk score phenome-wide association 
study reveals an association between endometriosis and testosterone. BMC 
Med 21, 482 (2023). https://doi.org/10.1186/s12916-023-03184-z

Plotted: -log10(P) of logistic regression testing 
endometriosis PRS ~ Phenotype + age + 10 
genetic PCs  
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Tools available for PheWAS
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Summary
• Multiple sources of health data in UKB 
• When interested in a particular phenotype, use search & browse functions to find relevant fields to 

maximise sample size
• ICD10 codes useful for high-throughput screens
• PheWAS approach requires a cohort with matched phenotype and genotype data, and can reveal 

novel pleiotropic effects
• PheWAS results should be considered exploratory and require validation


