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The Human Genome Project

$3 Billion 
over 13 years 
(1990-2003)

Sequenced 
92% of the 
human genome 
(<400 gaps)*

Global effort: 
20 institutions 
in 6 countries

12 anonymous 
volunteers
+ innovation to recruit, 
acquire informed consent, 
and collect samples

A 1997 Buffalo, New York newspaper advertisement recruiting 
volunteers to provide blood samples and DNA for the Human Genome 

Project. (NHGRI History of Genomics Program Archive)

Source: https://www.genome.gov/about-genomics/educational-resources/fact-sheets/human-genome-project*The first truly complete human genome sequence produced by the Telomere-to-Telomere (T2T) consortium in 2022
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Framingham Heart Study

Kannel et al. Annals of Intern Med, 1961

Enrolled 5,209 men and women in 1948

Some Framingham early discoveries:
• 1960 – Cigarettes increase heart 

disease
• 1961 – cholesterol, blood pressure 

increase heart disease
• 1967 – exercise decreases risk of 

heart disease; obesity increases it
• 1970 – high blood pressure and atrial 

fibrillation cause stroke
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The impact of 
Framingham (and 

similar cohorts) has 
been dramatic

Mensah et al. Circ Res. 2017

The Strength of Large Cohort Studies

From 1950 - 1996: Heart disease mortality 
fell 56%, stroke rates fell by 70%

Since 1990, heart disease mortality has 
continued to fall by 22%



Could we have a similar 
experience with precision 

medicine in the next 40 years?



The All of Us Research Program
Month, Day, Year

All of Us Research Program
May 17, 2024

Chris Lunt
Chief Technology Officer
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People Have Different Disease RisksWhat is the NIH All of Us Research Program?

The All of Us Research Program is a historic, longitudinal effort to 
gather data from one million or more people living in the United 
States to accelerate research and improve health. By taking into 
account individual differences in lifestyle, socioeconomics, 
environment, and biology, we hope that researchers will uncover 
paths toward delivering precision medicine – or individualized 
prevention, treatment, and care – for all of us.

“All of Us is among the most ambitious 
research efforts that our nation has 

undertaken!” 

NIH Director Francis Collins, M.D., Ph.D. 
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The All of Us Research Program Mission 



Participants
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Enrolled 793K+ Participants With Continued Growth

Numbers current as of May 1, 2024

Hawaii

1,359

Guam

Plus >4,800 consented participants across U.S. territories

Alaska

643

59

Puerto Rico

4,629

Map of Consented ParticipantsParticipant Enrollment

98,992
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Participant Diversity

Race & Ethnicity of Participants

53.1%

16.9%

7.0%

3.3%

UBR Category

Numbers current as of May 1, 2024

Over 87% of All of Us participants are 
underrepresented in biomedical research

0.02%

White

Black, African American, or African

Hispanic, Latino, or Spanish

Asian

More than one race/ethnicity

Prefer not to say/Skip 1.7%

None of these describe me 1.0%

Middle Eastern/North African 0.5%

Native Hawaiian/Pacific Islander 0.1%

Age at Consent (65+)

16.3%

Race & Ethnicity of Participants UBR Category



Data
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Data Types Collected from All of Us Participants

Participant
Surveys

The Basics

Overall Health

Lifestyle

Health Care Access & Utilization

Personal and Family Medical History

Social Determinants of Health 

Electronic Health 
Records

● Demographics
● Vital signs
● Diagnoses

Data types collected from EHR include:
● Procedures
● Medications

● Doctor and Laboratory 
Visits

Physical 
Measurements

● Blood pressure
● Heart rate
● Height
● Weight

● BMI
● Hip circumference
● Waist circumference

Biosamples
● Blood 
● Saliva
● Urine

Wearable Data
Fitbit data, including:
● Heart Rate
● Activity (Daily Summary)

● Activity Intraday Steps 
● Sleep data

Mental Health and Well-
Being
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Data Collected and Return of Value to All of Us Participants

Participant Surveys

Physical Measurements

Biosamples

Mobile/Wearable Tech

Consent and Electronic 
Health Records

Participants may receive:

• Genetic information

• Survey data (comparative)

• EHR and claims data

• Ongoing study updates

• Aggregate results

• Scientific findings

• Opportunities to be contacted for 
other research opportunities 

Return of Value for Participants
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11K
Structural Variants

300K+
Physical
Measurements

300K+
Genotyping
Arrays

280K+
Electronic Health
Records

400K+
Survey
Responses

245K
Whole Genome
Sequences

16K
Fitbit
Records

1K
Long-Read Sequences

NEW! Sleep DataNEW! In 2023

NEW! In 2023

Genomic Data Is Paired With 
Rich Phenotypic Data

+ + +

+ +

+

206,100+
Have Whole Genome Sequences + Electronic Health Records

+ Physical Measurements + Survey Responses

245,100+
Have Whole Genome Sequences + Physical Measurements + 

Survey Responses

206,150+
Have Whole Genome Sequences + Electronic Health Records 

8,800+
Have Whole Genome Sequences + Fitbit Records

Fitbit data may include physical activity, step counts, heart rate, and sleep data

+

v7 of the Curated Data repository
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EHR Data on the Researcher Workbench is Diverse and Longitudinal

410k participants in 
dataset

84 million
conditions

32 million
procedures

78 million
drug exposures

42 billion
Fitbit data points

333 million labs and 
measurements

79 million
survey answers

Earliest Code

Current Curated 
Dataset

AoU Launch

Surveys

Procedures

Conditions

Measurement
s

Drugs

Fitbit

1980 1985 1990 1995 2000 2005 2010 2015 2020 2025
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Participants Can Receive Four Types of Genetic Research Results

Genetic ancestry and 
traits results 7 regions (20 subregions) and 4 traits

● Sub-Saharan 
Africa

● Europe
● Oceania
● Southern Asia

● Eastern and northern 
Asia

● The Middle East and 
North Africa

● The Americas

● Ear wax
● Bitter taste perception
● Cilantro preference
● Lactose intolerance 

Medicine and your DNA 
Report 7 pharmacogenomics (PGx) genes and 50+ medications

● CYP2C19
● DPYD
● G6PD

● SLCO1B1
● NUDT15

● TPMT
● UGT1A1

Hereditary Disease Risk 
(HDR) Report 59 genes (SNVs + indels, e.g. no SVs) 

● Breast cancer
● Ovarian cancer
● Uterine cancer
● Colorectal cancer
● Prostate cancer

● Melanoma
● Brain cancer
● Pancreatic cancer
● Stomach cancer

● Familial 
hypercholesterolemia 

● Cardiomyopathies
● Arrhythmias
● Arteriopathies

H
ea

lth
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su
lts
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ng
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Genomics
srWGS = short read whole genome sequence
SNP = single nucleotide polymorphism
Indel = short inserts and/or deletes

245,394 srWGS     
SNP/Indel

312,945 Arrays

11,399 srWGS 
SVs

1,027 lrWGS 
SVs 

& SNP/Indels

Illumina Infinum™ 
Global Diversity Array

SVs = structural variations new!

lrWGS = long read whole genome sequence
(all African American) new!New! Hail VDS file format for srWGS data 

along with VCFs, Hail Matrix Tables, and 
PLINK files for smaller callsets.
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All of Us is Enhancing Diversity of Genomic Studies

All Global GWAS values from www.gwasdiversitymonitor.com. Values current as of November 2023

64% are underrepresented in biomedical research

Updated genomic 
data set

~45% diverse by 
race/ethnicity 

77% underrepresented in 
biomedical research

http://www.gwasdiversitymonitor.com/
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Discovery of Rare Variation

N=2.5k
2022

N=15.7k
2020

N=53.8k
2021

N=100k
2022

N=454.8k
2021

M
ill

io
ns

 o
f V

ar
ia

nt
s

N=250k
present

Courtesy of Stephen B. Montgomery, PhD, May 2024
Professor of Pathology, Professor of Genetics and of Biomedical Data Science, Stanford Medicine 
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All of Us Data Includes Range of Diseases

Conditions Domain Participants 

Heart Disease Heart 89,180

Obesity Endocrine 80,980

Type 1 Diabetes Endocrine 6,740

Type 2 Diabetes Endocrine 56,340

Any cancer Cancer 50,720

Asthma Pulmonary 50,160

Chronic Obstructive 
Pulmonary Disorder Pulmonary 24,940

Epilepsy Neuro 9,320

Stroke Neuro 940

Rheumatoid Arthritis Autoimmune 8,660

Osteoarthritis Autoimmune 99,880 *using combination of diagnosis code, lab test, and COVID survey answers

Conditions Domain Participants 

Depressive Disorder Mental Health 82,660

Bipolar Disorder Mental Health 16,200

Dementia Mental Health 6,020

Human Immunodeficiency 
Virus Infectious Disease 5,500

COVID-19* Infectious Disease 58,000*

Alcoholism Abuse 20,380

Opioid Usage Medication 155,000

Age-Related Macular 
Degeneration Eye 4,740

Hearing loss Hearing 30,400

Falls Aging/Nursing 4,860



Researchers
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Researcher Data Access 

Public Tier
(Available Now) 

Summary Statistics Aggregate Counts

Registered Tier
(Available Now)

Surveys, EHRs, Physical Measurements, shifted dates
Exceeds HIPAA Safe Harbor Standards 

Controlled Tier
(Available Now)

No obvious PII. Genomics, real dates, eventually 
Clinical Narrative data, and more

Data Browser
databrowser.researchallofus.org
(public, no login required)

Researcher 
Workbench
ResearchAllofUs.org/Apply/

Ancillary Studies
Could recontact participants, use biospecimens, 
issue new surveys or DHT, enroll in clinical trials

3/2022

Individual Biospecimen and 
Participant Data

Data 
Curation

Raw Data 
Repository

Data
Harmonization

Privacy 
Methodology 

QA/QC 

5/2020

5/2019

12/2022

Option 1
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All of Us Research Hub: Public Data Browser

Data Browser

Summary statistics of:

• EHR Data (Conditions, Drug 
Exposures, Lab & 
Measurements, Procedures)

• Genomic Variants 

• Survey Questions (including 
COVID-19 surveys)

• Physical Measurements

• Open Access (no login 
required)



The All of Us Research Program

46

All of Us Researcher Workbench: 
Access to Row-Level Data for Analysis

Researcher Workbench

Public Tier
(Available Now) 

Summary Statistics Aggregate Counts

Registered Tier
(Available Now)

Surveys, EHRs, Physical Measurements
Exceeds HIPAA Safe Harbor Standards 

Controlled Tier
(Available Now)

No obvious PII. Genomics, real dates, eventually Clinical 
Narrative data, and more

Individual Biospecimen and Participant
Data

(Available in the future)
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Explore the data using:

All of Us Researcher Workbench: Access to Row-Level Data for Analysis

Researcher Workbench

• Cloud-based platform

• Graphical tools for creating 
cohorts and datasets 

• Open to researchers at 
academic, not-for-profit, and 
health care institutions 

• Passport access model with 
institutional agreements for all 
researchers

• No separate IRB approval 
needed

ResearchAllofUs.org/Data-Tools/Workbench/
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March 2021, Patrick Wu Defends His PhD Dissertation:
Repurposing drugs using gene expression signatures and EHR data

gene expression data identifies 
drugs that might lower 

cholesterol

found 69 candidate drugs  

study those drugs in the 
Electronic Health Record data 

at Vanderbilt

This took ~3 years.

A question from the audience: “You did this 
at Vanderbilt. What about replication?”

Wu, et al., 2022, Nat Commun
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One Week Later, he emails his advisor this figure including All of Us results...

Wu, et al., 2022, Nat Commun
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All of Us Research Program’s Commitment to Researcher Diversity (as of May 1, 2024) 

● Creating a diverse researcher cohort that promotes 
responsible and ethical use of data, returns value to 
participant communities, and accelerates research 
impact. 

● Encouraging student assemblies and early-stage 
investigators to bring fresh, creative perspectives & 
innovative research outcomes.

● Ensuring access for researchers from various 
institutions/ organizations to establish a truly 
equitable resource for all.

Over 78% of our researchers are underrepresented 
in the biomedical workforce - including over 30% 

diverse by race and ethnicity

Baylor’s UBR Faculty Summit

Cardiovascular 
disease, 
Hypertension, 
Mental Health, 
Cancer, Diabetes

10,680+ 
Registered 
Researchers 43 Historically 

Black Colleges & 
Universities 

69 Hispanic 
Serving Institutions

10,640+ 
Active 
Projects

410+ 
Publications 
using All of Us 
data

760+ 
Organizations

80 
International 
Institutions

Top 
Conditions 
Studied
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You can even find All of Us at High School Science Fairs now!

Utah’s Summer Teacher Institute 2023
Annual multi-day workshop designed to introduce high school teachers to All of 

Us

High School Students are now using 
the All of Us Researcher Workbench

5 High Schools 

15+ projects currently underway 

Research Teams Advancing to the 
Science Fair!

Can Antidepressants Reduce the Risk of Psoriasis?

Predictive Analysis of Sjogren’s Syndrome: A 
Machine Learning Analysis

Clonal Hematopoiesis of Indeterminate Potential 
and Solid Tumors in Breast Cancer



Output
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Growing Scientific Impact researchallofus.org/publications/

>400 
Publications!

Cumulative Publications Using All of Us Data

>440 
Publications!
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Disciplinary spread
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Data types included in cohorts

Plot restricted to show only intersections with counts of at least 30. Person = Demographics. Device is from EHR.
Created by Lina Sulieman
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What stories are we telling already about the power of participant data? 

This study highlights the importance of diversity in health research within underrepresented groups. 

Studies like this one helps health care providers move away from “one-size-fits-all” approaches to care. 

Read more about this here.

https://allofus.nih.gov/news-events/research-highlights/study-links-birthplace-and-cancer-risk
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What stories are we telling already about the power of participant data? 

Linked data Fitbit devices with data from electronic health 
records (EHRs). 

The researchers analyzed more than 1,700 medical 
conditions

Taking at least 8,200 daily steps was associated with a 
lower risk for certain health conditions. This included 
chronic diseases like high blood pressure, obesity, and 
diabetes. 

The study also uncovered new links between daily steps 
and lower risk for sleep apnea, depression, and acid 
reflux.

Many people shared four years or more of their activity 
data.

Read more about this here.

https://allofus.nih.gov/news-events/research-highlights/steps-to-better-health-all-of-us
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Machine Learning in All of Us to Predict Glaucoma Outcomes

Conclusion: Models trained with multisite, 
multi-vender EHR data All of Us data achieved 

superior performance compared to using 
single-center data.

AUC using just the local site: ~0.5, 
AUC using All of Us sites: >0.8

Baxter et al., 2021, Am J Opthalmol doi:10.1016/j.ajo.2021.01.008.
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Adjusted for age, sex, race, CAD, cancer, BMI, 
systolic blood pressure, education level, 

smoking, alcohol use, and monthly daily steps 
(time varying)

• Analysis uses average of daily steps prior to diagnosis. 
• Effect size per 1000 steps, adjusted for age, sex, race

Incident Diagnoses after 6 months 

~1700 phenotypes

H
az

ar
d 

ra
tio

Diabetes

Essential hypertension

GERD

Average Daily Steps (thous.)

Master et al. (2022) Nat Med, 10.1038/s41591-022-02012-w. 

PheWAS of Physical Activity (Step Count) in All of Us



The Future
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PREVALENT COMMON AND 
RARE HEALTH CONDITIONS

HEALTHY AGING AND 
RESILIENCE ACROSS THE 

LIFESPAN

RETURN OF RESULTS IMPACT 
ON INDIVIDUAL AND 
POPULATION HEALTH 

ENVIRONMENT
LIFESTYLE, SUBSTANCES,

 AND BEHAVIORAL HEALTH  HEALTH INEQUITY
GENETICS AND

BIOLOGY

NEW METHODS TOOLBOX AND PHENOTYPE EXPANSION

MATERNAL AND CHILD  HEALTH

ADVANCING PRECISION HEALTH, MEDICINE, AND EQUITY:  RISK ASSESSMENT, DIAGNOSIS, AND TREATMENT FOR EVERYONE

MODIFIERS:  MENTAL HEALTH, SOCIAL DETERMINANTS, GENETICS, DISPARITIES STRESSORS, AND OTHERS

TRANSLATION:  GOVERNMENT, COMMERCIAL, HEALTH SYSTEMS, PAYERS, POLICY

CORE DATA: ELECTRONIC HEALTH RECORDS, SURVEYS, PHYSICAL MEASURES, DIGITAL HEALTH TECHNOLOGIES, 
GENOMES, ASSAYS

EXPOSURES &
DRIVERS

CAUSALITY &
OUTCOMES

 

WORKBENCH 
AND DATA

INDIVIDUAL/
POPULATION

HEALTH

NEW DATA & 
INSIGHTS

The Scientific Priorities Roadmap for All of Us
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New Data (v8) Slated for Release Late 2024 to Researchers

Genomic Increases Data Quantity 

Arrays (from 312,900+) 400K+ Arrays (+27%)

srWGS (from 245,350) 400K+ srWGS (+63%)

Long Read Sequences 
(from 1K)

2.5K+ Long read sequences 
(+150%)

New Data Data Quantity 

Life Functioning Survey 60K+

Surveys from CareEvolution Platform 60K+

Fitbit Data from CareEvolution 10K+

HealthPro Deceased Participant Reporting 4K+

Remote Height & Weight 50K+

Racial and Ethnic Subcategories 620K+

Mental Health and Well-Being Surveys* 110K+

Exploring the Mind Tasks* 35K+

Participant-Mediated EHR* 20K+

*Data from Mental Health and Well-Being surveys and 
Exploring the Mind tasks are scheduled for off-cycle 
release in January 2025, and data from participant-
mediated EHR is scheduled for release in March 2025.  
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All of Us Ancillary Studies:  Exploring the Mind with NIMH

50,220+

59,780+

47,180+

50,020+

>28.4k unique participants 
completed all four tasks

Participant Counts

Overlap with other biomedical data types 
available in All of Us
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Over 17,000 participants expressed interest in NPH
 Researching how nutrition can be tailored to each person’s genes, 

culture, and environment to improve health

All of Us Ancillary Studies: Nutrition for Precision Health

Examine baseline diet and physiological 
responses to meal challenges

Examine responses to 3 short-term 
intervention diets in community dwelling 

controlled feeding studies

Examine responses to 3 short-term 
intervention diets in domiciled controlled 

feeding studies

1 2 3

Launched March 2023 Launched October 2023 Launched: Fall 2023 

2184 consented, 1679 enrolled, 1546 completed 140 consented, 97 enrolled, 22 completed 39 consented, 25 enrolled, 6 completed



Why
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Thank you to our 790K+ participants!

AllofUs.NIH.gov

JoinAllofUs.org

ResearchAllofUs.org Thank you!
@AllofUsResearch

@AllofUsCEO
#JoinAllofUs



Backup slides
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SAS Studio

SAS Studio is now available on the All of Us 
Researcher Workbench. SAS Studio has a 
point-and-click interface and allows users to 
perform powerful statistical analyses and data 
visualizations with All of Us data. 

Researcher Workbench users do not need to 
pay for an individual SAS license at this time. 
The software is provided at no additional cost 
through the Researcher Workbench. Users will 
still incur computational costs in the cloud, as 
with all other analyses. 

Visit allof-us.org/SAS or scan the QR code to 
learn more about using SAS Studio.  
 

http://allof-us.org/SAS
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RStudio 

RStudio is now available on the All of Us 
Researcher Workbench. 

RStudio’s point-and-click interface and suite of 
tools, including a variable explorer, an R 
Markdown editor, a debugger, and an R 
terminal, make it easier for researchers to use 
R in the Researcher Workbench.

Visit allof-us.org/RStudio or scan the QR 
code to learn more about using RStudio. 

http://allof-us.org/RStudio


Separate harmonization and collection



When storage was expensive, 
we built databases like a 

pigeon-hole mailbox



Collection
Normalization    is expensive
               Storage



1970 US Census



¯\_(ツ)_/¯    
LOL





Castleman’s disease
a rare disorder that involves an overgrowth of cells in  

lymph nodes



Abductive 
reasoning



Cherry angioma



VEGF
Vascular endothelial growth factor



Collection
Normalization    is expensive
               Storage



Preserve provenance



Qualitative collection
Analysis-specific 

feature extraction



Reduce collection 
costs with Chatbots



Reduce harmonization 
costs with LLMs

(And direct the harmonization 
toward the specific analysis)


