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All of Us Research Program Mission

Nurture relationships
with one million or more
participant partners, from all
walks of life, for decades

Our mission _
To accelerate health research Deliver one of the

and medical breakthroughs largest, richest
that enable individualized

prevention, treatment, — blo_medlcal dataset
and care for all of us . H that is secure and easy to
\ access
Catalyze a :

robust ecosystem

of researchers and funders
hungry to use and support it




The All of Us Research Program: An Innovative Research Effort

- Diversity at the scale of 1 million people or more

- Focus on participants as partners, with return of
value as a priority

- Longitudinal design, ability to recontact participants

- Multiple data types: EHR, surveys, baseline
physical measurements, biospecimens, genomics,
and more

- National, open resource for all: broadly accessible
to all researchers with open-source software & tools

- Security and privacy safeguards for all participants



All of Us Program Partners
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Status of the All of Us Research Program (as of September 6, 2021)

406,000+

Participants

295,000+

Participants who have
completed initial steps
of the program

253,000+

Electronic Health
Records

310,000+

Biosamples

350,000 COVID-19 in-person .
enrollment pause
300,000
250,000 \
200,000 In-person
enroliment beginning
to restart
150,000
100,000
50,000
O —

May 2017 Feb. 2018 Nov. 2018 Aug. 2019 May 2020 Feb. 2021
Aug. 2017 May 2018 Feb. 2019 Nov. 2019 Aug. 2020 May 2021
Nov. 2017 Aug. 2018 May 2019 Feb. 2020 Nov. 2020

Participants Participants who have completed the initial steps of the...

researchallofus.org



Status of the All of Us Research Program (as of September 6, 2021)

B White

Black, African American, or African

Hispanic, Latino, or Spanish

W Asian

f |

" More than one race/ethnicity

" Other

B Prefer not to say

Over 80% of All of Us participants are
underrepresented in biomedical research

+ 0o
researchallofus.org 8o+ | 0.5%



Data Collected from All of Us Participants

Consent and Electronic
Health Records
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Connecting your devices will provide valuable insights

to the All of Us Research Program.

Physical Measurements

e T
- FitBit

TE N X | . Wi
e0® Connect your steps, activities, and
v weight to All of Us.

Biosamples

Apple Health

Share your Apple Health
Record data with the AllofUs
Research Program

Mobile/Wearable Tech




Data Collected from All of Us Participants: Surveys

Current surveys focused on:

O | Consent and Electronic

(=" | Health Records  Demographics and Lifestyle

* Personal and Family Medical History

v
v
v
v
v
v

Participant Surveys * Healthcare Access )
My Data

« COVID Participant . —
Experience (COPE) '
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- The Basics Overall Health '
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 Social Determinants
of Health




Data Collected from All of Us Participants: Biosamples

* Blood
- DNA
- RNA
- cfDNA

« Serum

- Plasma
Biosamples » Saliva kits (if not blood)

e Urine




COVID-19 Response - Serology Study




COVID-19 Serology Study

 Tested 24,079 blood specimens
collected between January 2 and
March 18, 2020

» Tested spike and nucleocapsid
antibodies on multiple platforms

SARS-CoV-2 antibodies identified prior to the first

recognized cases in S U.S. states 1




COVID-19 Serology Study Published in Clinical Infectious Diseases

(June 15, 2021)

OXFORD

ACADEMIC

Clinical Infectious Diseases

ACCEPTED MANUSCRIPT

Antibodies to SARS-CoV-2 in All of Us Research

Program Participants, January 2-March 18, 2020 &
Keri N Althoff, PhD, MPH &5, David J Schlueter, PhD, Hoda Anton-Culver, PhD,

James Cherry, PhD, Joshua C Denny, MD, MS, Isaac Thomsen, MD, MSCI,

Elizabeth W Karlson, MD, MS, Fiona P Havers, MD, MHS, Mine S Cicek, PhD,

Stephen N Thibodeau, PhD ... Show more

9 cases in 5 states (IL, MA, WI, PA, MS) in
24,079 tested samples

[ earlier than known cases in those states

Earliest case January 7, 2020

IL
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All of Us Team member handles 12
participant samples in the lab




Press Coverage of the All of Us COVID-19 Serology Study

@he Washington Post
Democracy Dies in Darkness

Health

NIH study suggests coronavirus may have
been in U.S. as early as December 2019

THE WALL STREET JOURNAL.

Covid-19 Ranged From Illinois to

The Coronavirus

Outbreak > States Falling Behind Vaccine Goals  Vaccine Maps a

Maps and Cases

Scientists Report Earliest Known
Coronavirus Infections in Five U.S. Sta

Blood drawn from nine people in the earliest days of the
pandemic tested positive for the infection. But some experts
questioned the results.

f © v = »

First Cases

N he(:\lt

By Maggie Fox, CNN
(® Updated 1:57 PM ET, Tue June 15, 2021

Blood samples show people in five U.S. states were infected early,

More evidence suggests C...

More evidence suggests COVID-19 was J
in US by Christmas 2019

By MIKE STOBBE June 15, 2021

ey

Massachusetts Before States Reported

LIVE TV

@ =

NIH researchers find more evidence Covid was circulating in the US in
December 2019

Top Stories  Topics ~ Video Listen \L)

13




Making Research Reproducible: Any Published All of Us Analysis Can Be

Accessed by Any Other All of Us Researcher

— AI I”fus Workspaces > How to Reproduce the All of Us SARS-CoV-2 Antibody Study > Notebooks >

SARS-CoV-2 Antibody study

RESEARCHER WORKEBENCH

PREVIEW (READ-ONLY) 2

Reference:

Althoff, K., Schiueter, D.J., Anton-Culver, H., Cherry, J., Denny, J., Thomsen, L., ... Schully, S. (2021). Antibodies to SARS-CaoV-2 in All of Us Research Program
participants, January 2 - March 18, 2020. Clinical Infectious Diseases, ciab519, https://doi.org/10.1093/cid/ciab519

How to Reproduce the All of Us SARS-CoV-2 Antibody Study

Author: Aymone Kouame

Contributors: Francis Ratsimbazafy, Adrienne Roman

Objectives

We recommend that users read this notebook to learn how to reproduce the Antibodies to SARS-CoV-2 in All of Us Research Program Participants, January 2-
March 18, 2020 study published on June 15, 2021 in Clinical Infectious Diseases. For the best experience, we recommend opening this notebook in Playground
Mode.

What should you expect? This notebook will give an overview of the Antibodies to SARS-CoV-2 in All of Us Research Program Participants, January 2-March
18, 2020 study in the current Curated Data Repository (CDR) and how to reproduce it.

This tutorial is divided into the following sections:

1. Setup: How to set up this notebook and install and import all necessary software packages.

2. Materials and Methods: What are the characteristics of the study population and what are the methods used in study.
3. Data Extraction: How to query the relevant CDR tables to extract the study data.

4. Results: How to reproduce the results of the study.

Notebook URL: https://bit.ly/3h7GnEF

Any All of Us researcher can review and reuse the exact

data and analyses used in the paper “




All of Us Research Program Core Values

Return of information

. Participants have access
Participation in open to all. - .
to their information.

Participants reflect the rich diversity of Data will be accessed broadly
the U.S. for research purposes.

Security and privacy will be of highest

Participants are partners. importance.

Trust will be earned through The program will be a catalyst for
transparency. positive change in research.

15



We Returned Serology Results to Participants

All-'Us

RESEARCH PROGRAM

Dashboard

My Data

Motifications

Share My Data

Agreements

Learning Center

Settings

Support

All/Us

Program Activities Dashboard

COoVID-19 My Data

Antibody Results }n q
Notifications 3

1 minute Sync Apps & Devices
r Agreements
START » =
e} Settings
i Support

Share Digital Health

Learn about more ways to share your app and
for the A/l of Us Research Program.

Learn more

Participants can have a

discussion with infectious
disease expert if desired

All of Us © 2020

Dashboard > COVID-19 Antibody Results

COVID-19 Antibody Results

RESEARCH RESULT - Your doctor will need to confirm this result with a clinical test before using it in your care.

Thanks to your participation, All of Us is well suited to answer scientific questions that few other research programs can.
We tested blood samples we collected between January and March 2020 for antibodies against the virus that causes
COVID-19. You gave All of Us a blood sample on February 15, 2020, and it was included in our antibody study.

Your Results

Were COVID-19 antibodies detected in your blood sample collected on February 15, 20207
@ NO, COVID-19 ANTIBODIES NOT DETECTED (NEGATIVE RESULT)

You should continue to take precautions, since you could still get infected with the virus or pass it on to others.
What do your results mean?

What does this result mean for you?

Why did we do this research?

What do we know about these antibody tests?

BACK TO DASHEOARD

Log Out




Current Data and Applications



Researcher Data Access

Data
Curation

Raw Data
Repository

Data
Harmonization
Privacy
Methodology

QA/CC

Individual Biospecimen and Participant

Data

(Available in the future)

Controlled Tier
(Available in the future)

(future) > Future ancillary studies

No obvious Pll. Genomics, Clinical Narrative data,
Data Linkages, Other Data Types

U

Registered Tier

(Available Now)
Surveys, EHRs, Physical Measurements
Exceeds HIPAA Safe Harbor Standards

e

Public Tier
(Available Now)

Summary Statistics Aggregate Counts

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

Researcher

(Winter 21/22>

Workbench

ResearchAllofUs.org/Apply/

/)

(now) > . Data Browser

==. ~databrowser.researchallofus.org

13|

(public, no login required)

18



All of Us Research Hub: Public Data Browser

Summary statistics of participant
data

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

e Survey Questions (including
COVID-19 surveys

e Physical Measurements

e Open access (no login
required)

DataBrowser.ResearchAllofUs.org

EHR Domains: e

Conditions

24,770

medical concepts

192,000 participants In this domain

L =1 |':'.![':l ONOITIONS

Survey Questions:

The Basics®

28

gquestions availlable
216,760 participants in this domain

This survey includes participant demographic information.

Health Care Access & Ulilization @
questions available
98,940 participants in this domain

Survey includes infarmation about a participant’s access to and
use of health care,

Physical Measurements and Wearables:

Program Physical Measureaments @

8

physical measurements
269,780 participants in this domain

Participants have the option to provide a standard set of
physical measurements as part of the enroliment process
(“program physical measurements™).

View Program Physical Measurements

Drug Exposures @
27,51
medical concepts

174,660 participants in this domain

Owverall Health @

21

aguestions available
36,760 participants in this domain

Survey includes information about how participants report
lavels of individual health.

Family Health History €
queastions available
92,080 participants in this domain

b WE incl : 1 mak C it 3 il NS I c
Survey includes information about the medical history of a
participant’s immediate biclogical family members,

Fithit @

4

Fitbit Measuraments
8,460 participants in this domain

Fitbit data includes heart rate and activity summaries.

View Fitbit measurements

Labs & Measuremenis @
15,63]
medical concepts

182,000 participants in this domain

- T~ o - N — -
View Top Labs & Measurements

Lifestyle @

26

queastions available
6,760 participants in this domain

Survey includes information on participant smoking, alcohol,
and recreaticnal drug use.

COVID-19 Participant Experience (COPE)®
questions available
b2.920 participants in this gomain

Survey includes information about the impact of COVID-19 an
participant mental and physical haalth

View Complete Surwey

Frocedures @
27,702
medical concepts

182,000 participants in this domain

Personal Medical History @
questions available
89,640 participants in this domain

This survey includes information about past medical history,
including medical conditions and approximate age of
QAIBGROSIS.




All of Us Research Hub: Data Browser — EHR Conditions

Search Across Data Types o

Q. Type 2 Diabetes X %

Data includes 316,760 participants and is current as of 10/1/2020. FAQs Introductory User Guide
Videos

EHR Domains: e

DATA DISCLAIMER

Top 10 by Descending Participant Counts v

Conditions @

119

matching medical concepts

Type 2 diabetes mellitus

192,000 participants in this
domain Type 2 diabetes mellitus withou...

Disorder due to type 2 diabetes ...

View Results
Hyperglycemia due to type 2 di...

Disorder of nervous system due...

Renal disorder due to type 2 dia...

Top Concepts

Peripheral neuropathy due to ty...
Suwey QueSt|0nS Polyneuropathy due to type 2 di...
Chronic kidney disease due to t...

Type 1 diabetes mellitus

7.5k 10k 12.5k 15k 17.5k 20k 22.5k 25k 27.5k 30k 32.5k 35k 3.
Participant Count

o
M
i
-~
L
=~

Physical Measurements and Wearables:




Researcher Data Access

v . . " Future ancillary studies
Individual Biospecimen and Participant (future) > N . .
Could recontact participants, use biospecimens,
Data issue new surveys or DHT, enroll in clinical trials

(Available in the future)

Data
Curation Controlled Tier
(Available in the future) >
No obvious PIl. Genomics, Clinical Narrative data, (Winter 21/22)
Raw Data Daia Linkages, OUiner Daia 1ypes ResearCher
Reglstered Tier ResearchAllofUs.org/Apply/
(Available Now)
Data Surveys, EHRs, Physical Measurements
Harmonization Exceeds HIPAA Safe Harbor Standards
Privacy
Methodology
QA/CC Public Tier _ =3 Data Browser
(Available Now) (now) > j,..a databrowser.researchallofus.org
Summary Statistics Aggregate Counts (public, no login required)

\ /

21



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

— All-/Us

RESEARCHER WORKBEMCH

Researcher Workbench Beta _
Launched on May 27, 2020 RESEARCHER WORKBENCH ) () (8%

The secure platform to analyze All of Us data

« Cloud based central resource
Workspaces

.....

» Personally-identified information is S r——— ] —— o | e o
removed | entid | f:"|'21:|'+..':.-:—"i-:_-. Distribution | =Ty ' 2 Diabetes

 Passport access model - just
create, describe your workspace, Lo E=D =3 =D
and get to work! No separate IRB
approval needed.

Recently Accessed Items

+ During beta phase, access requires it |l ey [l nesies, f sdveeie [ gmsees llvpes
eRA commons ID and limited to US Builder
nonprofits

ResearchAllofUs.org .




Researcher Workbench (Launched May 2020): By the Numbers

329,000+ Participants

267,600+ Physical

. Measurements
Data Available on

the Researcher

214.200+ EHRS
Workbench

329,000+ Surveys
(100,000 COPE Surveys)

11,600+ Fitbit Records




Researcher Workbench (Launched May 2020): By the Numbers

Research on the Researcher Workbench

o 1000+ -, 660+ . 15+ Publications
,L-_f‘ ) Registered ] g;:— Active - | using All of Us
Researchers = Projects & data

Institutional Agreements

More than 240
..~ registered institutions

Over 24% are
Historically Black
Colleges and
Universities,
Hispanic Serving

Institutions, or Non-
C e Profits
s A PG < PR i
g | B 24
) ,ﬁ:f ¢ ”%% | 4




Participant EHRs and Fitbit Provide Longitudinal Data

Current CDR
Participants > i 315k participants
S Program Launch in dataset
@ ] = .
3 ‘ -
S g : 53 million
o 'J ngn
a conditions
g L)
2 20 million
©
= procedures
(&)
)]
a;f 42 million
E i survey answers
g 200 million
@ labs and
§ measurements
§ 42 million
a drug exposures
5 15 billion
i Fitbit data points

1980 1985 1990 1995 2000 2005 2010

2015

2020




March 2021, Dr. Patrick Wu Defends His PhD Dissertation:

“Repurposing drugs using gene expression signhatures and EHR data”

a
Clinical validation of hyperlipidemia drug repurposing candidates
gene expression data identifies P>0.05 P<0.05 @ P <7.24x10-(0.05/69), Bonferroni
drugs that might lower | |
cholesterol Pravastatin® ER_NSI mvastaing @ Atorvastatin
151 Lovastatin
v ThiS tOOk ~3 yeal'S. I?[E:wastatin
found 69 candidate drugs
A guestion from the audience: “You did this
N4 at one site. What about replication?”
study those drugs in the B *
Electronic Health Record data 5. R
at Vanderbilt  fpetaminop En\g
Fenofibrate Sartraline
_____..-"
Cisplatin Sornio Hydroquinone — Lisinopril Gentamicin
Valproate
0 -
20 10 5 T 1 5 10 20 -30 -40

Increase (harmful) 4 0 ’ Decrease (beneficial)
Change in LDL Cholesterol (mg/dL)

26



One Week Later: He has applied for the first time to use All of Us, completes

his onboarding, and has replicated his results in All of Us...

External replication of hyperlipidemia drug repurposing candidates

P>0.05 —J}-P<0.05

Atorvastatin - =

Simvastatin 1 L

Fluvastatin 4

Drugs

Acetaminophen 1 —i—

Valproate -

10 5 1 -1 -5 -10 -15 -20 -25 -30
Increase (harmful) ‘ 0 ’ Decrease (beneficial)

Change in LDL Cholesterol (mg/dl) 27



What’s coming next: Controlled Tier Researcher Data Access

Future ancillary studies
Individual Biospecimen and Participant (future) > % iy ry . .
ould recontact participants, use biospecimens,
Data issue new surveys or DHT, enroll in clinical trials
(Available in the future)
€ N
Data
Curation Controlled Tier
(Available in the future)
No obvious PIl. Genomics, Clinical Narrative data, (Winter 21/22)
Raw Data Data Linkages, Other Data Types / Researcher
Repository _————— Workbench
Registered Tier ResearchAllofUs.org/Apply/
(Available Now)
Data Surveys, EHRs, Physical Measurements
Harmonization Exceeds HIPAA Safe Harbor Standards
Privacy e ——
Methodology
QA/CC Public Tier > SRR Data Browser
. |
(Av_alllable Now) (now) ... databrowser.researchallofus.org
Summary Statistics Aggregate Counts (public, no login required)

\ //

28



First Genomics Data Release is coming Winter 2021/2022

EHR 4

Physical
0 Measures

0 e Expected 90,000 WGS +
0 130,000 arrays

: s o >40% non-White
e More COVID-19 data

| 1,-4_}3 e More detailed demographic &
2144 G EHR data

11I.'l 12 23“ ;’;f
Fitbit : y Whole
5 3 Ve Genomes
0

PPI

29



First Ancillary Study: Nutrition for Precision Health

Nutrition for Precision Health
Powered by the All of Us Research Program

Goal: Enroll 10,000 All of Us participants to study to develop algorithms to predict individual
responses to foods and dietary patterns

* Build on All of Us to add a comprehensive set of microbiome, physiological, metabolic, behavioral,
cognitive, contextual, survey, and environmental data

 In large and diverse population of participants

30



All of Us Roadmap

May 2019
Public Tier
Data:
Data Browser
Launch

May 2018 J

Enrollment \'

launched

Researcher Workbench Data
Return of Results to Participants

Future Data and Results

May 2020 December
Launch of 2020
Researcher Updated
Workbench: data
Public Beta releases
Launch

—

-

-'--'--

December 2020
Return of Genetic
Results

Q2 2021
COVID-19
Serology
return of
results

Ancestry and Traits

Results

Winter 2021/2022
Controlled Tier data
with initial genomics
release and expanded
COVID-19 data

September 2021
Registered Tier

Future:
Ancillary studies,
More Data & Data
Linkages,
Participant
Recontact, &
Results Return

data refresh (More Expected 2022

participant_s, _COPE Health Related Genetic
surveys, Fitbit data) Regylts (ACMG &
Pharmacogenomics)



Thank You!

National Institutes
of Health

ResearchAllofUs.org AllofUs.nih.gov

@AllofUsResearch
0 © O O “ciiuiic:
#JoinAllofUs
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