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• Risk factors can be measured before disease 
develops, helping to avoid “reverse causality” 
(important for gene-environment interactions) 

• Appropriate controls can be selected from the 
same population as the disease cases, so that 
confounding by other factors is less extreme

• Effects of an exposure (e.g. smoking) on many 
different diseases (e.g. lung disease, cancer, 
vascular disease, dementia) can be assessed 
(& vice versa: many exposures vs one disease)

But prospective cohorts need to be LARGE and LONG-TERM 

since only a proportion of participants will develop ANY 

particular disease even during prolonged follow-up

Advantages of Prospective Cohorts
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Prospective studies need to be LARGE: CHD 
versus SBP for 5K vs 50K vs 500K people 



• 500,000 people aged 40-69 in 2006-10 from 

England (89%), Scotland (7%) & Wales (4%)

• 22 assessment centres around the UK 

• Comprehensive baseline data collection

• Lifestyle and environmental factors

• Personal and family medical history 

• Cognitive function and hearing test

• Physical measurements

• Biological samples (Blood, urine, saliva)

• Consent to link to medical records, and to 

re-contact participants for more information

Overview of UK Biobank recruitment
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Repeat assessment
n=20,000

Web-based questionnaires 
N~200,000 

Physical activity monitor
n=100,000

Baseline biochemistry 
n=500,000

Genotyping
n=500,000

Imaging
n=100,000

Assessment 2016-2023

2010 onwards: enhancements



Biomarkers assayed for all 500,000 participants

Cardiovascular: 

Cholesterol

Direct LDL-cholesterol

HDL-Cholesterol

Triglyceride

Apolipoprotein A

Apolipoprotein B

C-reactive Protein

Lipoprotein (a)

Cancer:

SHBG

Testosterone

Oestradiol

IGF-I

Bone and joint:

Vitamin D

Rheumatoid factor

Alkaline Phosphatase

Calcium

Liver:

Albumin

Direct Bilirubin

Total Bilirubin

GGT

AAT

ASP

Diabetes:

HbA1c

Glucose

Renal:

Creatinine

Cystatin C

Total protein

Urea

Phosphate

Urate

Creatinine (urine)

Sodium (urine)

Potassium (urine)

Albumin (urine)Other biomarkers underway:
• NMR-metabolomics
• Telomere length



Genotyping all 500,000 participants

• Custom-built genotyping array (850k variants) 

with imputed measures for 90M+ variants

• These data are transforming genetic research 

• GWAS of hundreds of traits are now publicly 

available (e.g., Stanford, Broad, Edinburgh)

• Made possible due to UK Biobank’s large size, 

standardised assessment and health outcome 

follow-up through linkage to electronic records



Polygenic risk scores for various diseases



Whole Exome Sequencing: all 500,000

• Coding regions of the genome (~2%)

• Regeneron-led commercial funding

• First 50,000 made available March 2019

• About 200,000 available in late 2020

• All 500,000 available during 2021

Exome and whole-genome sequencing

Whole Genome Sequencing: all 500,000

• Sequence across the entire genome

• Government, charity & industry funding

• Sequencing by Sanger and deCODE

• First 200,000 available Q2 2021

• All 500,000 available end 2022



FH mutations and CAD polygenic risk score 

Fahed et al 2019 (in preparation)



Multi-modal imaging in 100,000 participants

• Largest imaging study ever performed: 
100,000 participants by 2022

• Nearly 50,000 already scanned

• 4 dedicated imaging centres

• Multi-modal assessment

• MRI: Brain, Cardiac, Abdominal

• Carotid Ultrasound

• Full body DXA 

• Repeat of baseline assessment

• Imaging-derived phenotypes being created by 
research community with automated methods 
(e.g. >3,000 brain image metrics available)

• Repeat imaging in 10,000 (and maybe more)



Genetic influences on neuro-
degenerative brain pathology

in 10,000 UKB participants

Elliott et al, Nature 2018

rs668799

rs10430578

rs144861591

rs4428180

Genetic associations with T2* 
hypointensity indicative

of microbleeds

Spatially-specific changes in subcortical 
regions associated with several genes 
related to iron transport and storage 

(which have also been associated 
previously with dementia)



Scotland
36,000 participants

England
446,000 participants

Wales
21,000 participants

Regularly updated information on a wide range 
of diseases from NHS datasets in all 3 countries:

• Deaths (date and cause) 

for all participants

>20,000 deaths so far

• Cancers (date and type)

for all participants

30,000 prevalent & 33,000 incident cases

• Hospitalisations (dates, diagnoses, procedures)

for all participants

1000’s of cases of many diseases

• Primary care (dates, diagnoses, symptoms, 
signs, referrals, prescriptions, lab data, etc)

for ~45% of participants (so far)

1000’s more cases of many diseases

Prospective study needed for risk prediction & aetiology



Cancers

Cancer register provides high-quality information 

about disease status (e.g. histology, receptors)

Non-cancer conditions

For ~1,200 conditions, disease status flags have been 

created (date & source of first occurrence) based on 

3-digit level ICD-10 codes using data from:

• Self-report at baseline

• Hospital admissions data

• Death register data

Maximising the value of health care datasets 



Scalable phentoyping of health outcomes

• Phenotyping of BOTH the participants and their disease 

outcomes is important:

– Retrospective studies tend to focus on phenotyping disease 

outcomes (as that is how the participants are identified)

– Prospective studies tend to focus on phenotyping participants

(as outcomes are typically detected by linkage to eHRs)

• Prospective studies with 10,000s of many different types 

of outcome need phenotyping methods that are scalable 

• However, approaches for large-scale health outcome 

phenotyping from eHRs are only now being developed 

(& relative value of breadth versus depth is uncertain)

Enhancement of power to detect associations 

between risk factors and disease outcomes

Increased specificity of disease classification 

allows the detection of specific associations



UK Biobank: Principles of Access

• Available to all bona fide researchers for all types of 

health-related research that is in public interest

• No preferential or exclusive access; use of the Resource 

on same basis for academic or commercial researchers

• Researchers only have to pay for the costs of using the 

Resource (and not for any of the costs of setting it up)

• Access to the biological samples that are limited and 

depletable are carefully controlled and coordinated

• Researchers are required to publish their findings and 

return the data so that other researchers can use them 

(including data from analyses of samples, images, etc.)



UK Biobank: Strategy for Sample Access

• Applications seeking access to samples 
undergo more stringent consideration

• Science behind the request is reviewed 
and external advice may be sought

• Sample assays are only approved when:

• Undertaken on the whole cohort (or a large random subset)

• Assay method has been well validated

• Method will yield many different measures

• Minimal amount of depletable sample is required

• Laboratory adheres to strict Quality Control measures

• Assay data are likely to be of interest to a range of researchers



• Uncontrolled assays may deplete the available 

sample rapidly, preventing subsequent studies

• “Nested” case-control studies may yield assay 

data that are not comparable within a cohort

• By contrast, cohort-wide assays: 

– are cost-effective

– minimise depletion

– improve quality control

– support different comparisons

– yield data that are readily shareable

Case-control approaches may be lower cost in the short-term,

but a cohort-wide strategy is far less “costly” in the long-term

Advantages of cohort-wide assays



UK Biobank Access Applications (so far)

• Opened for use by approved researchers in March 2012

• 12,000 approved registrations (67% international)

• 1,500 research applications approved

• 1000 publications

– Projects cover an extremely broad range of topics

– Accelerated growth of interdisciplinary health-related 
research in epidemiology, genetics and data analytics
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www.ukbiobank.ac.uk

Approved researchers in 77 countries

International use of UK Biobank
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UK Biobank in the news: recent examples
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