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A Clear Path for Digital Medicine

Scripps’ Dr. Eric Topol predicting smartphones were going to
revolutionize medicine

“Topol explained that the appeal of digital health lies in highly
personalized medicine, delivered via the smartphone...

‘Well, you know what is going to be different is that smartphone
is going to be a conduit of data and information about your

health, about your medical essence, like you never had before,’ IggﬁLturns Colbert around on digital

he said.”

By Jonah Comstock | March 26,2013 | 08:34 pm SHARE 4 nnn
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Explosion of Digital Health Technologies

10:09 \

Hold your finger on
\ the crown. f

THE FRONT ROW

at Scripps Research




|dentifying Standards and Other Guidelines for Digital Measures

TOUR OF DUTY: Driving adoption

The Playbook:
Digital Clinical
Measures

Introducing the essential guide for successful remote
monitoring across dinical research, clinical care, and public

1€
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Bringing together experts in the field to help develop appropriate
guidance to address the new frontier of leveraging digital measures.
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Digital Medicine Society Convenes
Pharmaceutical Leaders to Collaborate on New
Digital Endpoint

The collaboration between pharma companies to advance a digital endpoint for use in medical product
development marks a profound change for the industry

NEWS PROVIDED BY SHARE THIS ARTICLE

Digital Medicine Society (DiMe) = o 0 o @ @
Nov 02,2021, 07:00 ET




New capabilities have also transformed the way we can
conduct research and clinical trials

FROM THE JOURNALS

MSToPS breaks ground as
a ‘pragmatic’ randomized
trial

Publish date: July 10, 2018 Effect of a Home-Based Wearable Continuous ECG
Monitoring Patch on Detection of Undiagnosed
Atrial Fibrillation

The mSToPS Randomized Clinical Trial

Steven R. Steinhubl, MD'2; Jill Waalen, MD, MPH'; Alison M. Edwards, MStat?; et al

By Mitchel L. Zoler, PhD; MDedge News

= f ¥ in BN

FROM JAMA

The mSToPS study “represents an innovative
example of the potential (and challenges)

Scripps
Research

_AASTOPs

inherent in a pragmatic information technology
trial. The trial “represents a brave new world for
clinical research: an innovative, highly
commendable, contemporary pragmatic health
care information technology study that tested an
important question and yielded significant
clinical findings,” wrote two leaders in trial

design in an editorial about the study.
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Bring the trial to the patient

Digital technologies open new possibilities for clinical research. They can, for example, allow
patients to participate in trials from their homes. Direct-to-patient trial models, or “siteless”
clinical trials, use tools such as telemedicine along with wearable devices and sensors for

remote data collection.

Janssen recently collaborated with Scripps Translational Science Institute, Aetna, and
iRhythm Technologies to understand how digital technology can improve large-scale
observation and treatment programs. A home-based study of 2,659 volunteers, called

mSToPS (short for mHealth Screening To Prevent Strokes), evaluated a wearable

electrocardiogram patch as a new way to remotely detect atrial fibrillation.




Applying Behavioral Science to Clinical Research
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Bringing Digital Research to Precision Medicine

President Obama convenes a roundtable to help kickoff the Scripps receives a $200M NIH
White House Precision Medicine Initiative that later became award to serve as The Participant
the All of Us Research Program. Center for All of Us
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Implementing scalable, participant-centric health research

1. Education & research training

Memorial Sloan Kettering
Cancer Center

Cornell University.

2. Research infrastructure & operations

|
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3. Scripps Research

| The Inclusive
A" US Medicine Broad & longitudinal data
RESEARCH PROGRAM | Initiative . .
Democratizing access
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The Participant Center Mission

Making it as easy as possible for interested individuals
living anywhere in the US to join and remain
enthusiastic participants in the All of Us Research

Program.
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All of Us Participant Center Partners

careevolution
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To enable participation by anyone anywhere...

...we re-engineered the research participation experience to center on the participant.

. Learn & join online

Support throughout

Our Support Center answers all
questions, in English and Spanish,
via email, phone, or chat.

Learn about the program and decide
whether to join on your own time.

Research
Participant

Share & visualize data at home
Surveys, electronic health records,

Accessible biosample options .

Share saliva from home or go to any digital health technology data, &
Quest, local blood banks, or even have a more can be shared & visualized
home visit to provide blood and urine. remotely.
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Longitudinal engagement

Building a mutually beneficial relationship is essential to
sustain a 10+ year commitment Contribute data

and/or
biosamples

« We aim to return value to

participants each time they return Iiclion ie e
value to the program. about yourself research

* We believe a personal medicine
program should include
personalized engagement. Receive

personalized
CEi]

information —

e.g. genomic
GRS

Invitations to
substudies —
e.g. with Fitbits
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Innovating throughout the participant journey

Innovation focus areas:

Enrollment Engagement & Sample collection Sensor, EHR &
retention other data
collection
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Well on our way to recruiting 1 million individuals who reflect the diversity of the US

O'O

442,000+ 332,000+ 264,000+ 1,000+ 900+

Participants Shared Biosamples Electronic Health Researchers Research Studies

Records

Data from researchallofus.org
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Representing the historically underrepresented

Over 50% of participants are from racial/ethnic groups that have been historically underrepresented in medical research

Over 80% of participants are from groups that have been historically underrepresented in medical research.

Black and African Americans Hispanic or Latino Origin
13.4% 5% 22.3% 18.1% 1% 17.4%

of the U.S. of clinical trial of All of Us of the U.S. of clinical trial of All of Us
population participants core participants population participants core participants
(Source: U.S. Census) (Source: FDA) (Source: U.S. Census) (Source: FDA)
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Partnering with participants

Consulting a diverse group of 20+ advisors helps keep our efforts inclusive

Bernadette

PN

Gus Prieto 7 | | S 17134124686

To learn more about participating in the All of Us Research Program, visit go.joinallofus.org
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Transforming Clinical Research

A New Paradigm in Direct-to-Participant Research




Enabling Studies with Robust, Deep Data Capture

E.g., partnering with 1,000 participants—500 people with
type 2 diabetes, and 500 without—to understand
individual level glycemic response.

HbAT1c genomics microbiome
nutritional glucose
biometrics Intake response
o zéz
N ©) il
I
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Day 1 of 10

Points are awarded at the end of each day.

Fitbit Worn +150 Points

Your Fitbit data was logged. Heres
your activity for the day:

s 1000 A 10000
b e 2 ‘

Food Logged +150 Points

Your nutrition data was logged. Here is
your nutrition for the day:

2500 100
$ o & ferose s
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And with Unprecedented Speed and Scale

How are you feeling
u today?

Could your smartwatch or
fitness tracker help tr:

LETTERS

https://doi.org/10.1038/541591- x

nature,,
medicine

M) Check for updates

Con.cept'to e Wearable sensor data and self-reported

Nationwide Lo s sotcssayrg ST symptoms for COVID-19 detection First paper published
LaunCh """" Giorgio Quer®'3%, Jennifer M. Radin ®'3, Matteo Gadaleta ®'3, Katie Baca-Motes', in fewer than

in 4 Weeks e Lauren Ariniello®', Edward Ramos'?, Vik Kheterpal ©2, Eric J. Topol ©" and Steven R. Steinhubl ©'

7 months from launch

Download MyDataHelps™ to Jéin DETECT

.. July September

. THE———~

1 1 I
1 1 1
1 1 1
February March  Jul b Lo b ,
. y October !
1
! i
: Enroliments By State :
1
1
1
1
! JAMA 1
. Network |0pen i
1
: [
1 Research Letter | Infectious Diseases :
| Assessment of Prolonged Physiological and Behavioral Changes Associated ®- !
X With COVID-19 Infection !
o 7 14 21 26 35 @2 45 S6 (€1 70 77 84 S o Jennifer M. Radin, PhD, MPH; Giorgio Quer, PhD; Edward Ramos, Phi; Katie Baca-Motes, MBA; Matteo Gadaleta, PhD; Eric J. Topol, MD; Steven R. Steinhubl, MD 'I
Negative binomial model predicting ILI :
case counts
1
m——_____— Over 35,000 |
articipants | Diai i )
Model 1 (lower RHR threshold) p p . . np) ‘ D|g|ta\ Medicine www.nature.com/npjdigitalmed i
Glfomia 092 om0 <000 enrolled in first :
Texas 077 0-84 092 <0-0001 1
New York 033 079 084  <0:0001 4 months ARTICLE OPEN :
Illinoi 5 -8 092 <0 . . . -
e & i o Passive detection of COVID-19 with wearable sensors and ®

w“@wm é;. fltblt 'cvs attain explainable machine learning algorithms

Matteo Gadaleta (®', Jennifer M. Radin (', Katie Baca-Motes', Edward Ramos', Vik Kheterpal (3%, Eric J. Topol',
Steven R. Steinhubl (' and Giorgio Quer
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Wearable Study Population
Parameters Device(s) Number
Study Name Analyzed Included Overall CcovID+ Key Finding
Individual-level Viral lliness and COVID-19 Detection
Skin temp, X .
. Peripheral temperature elevations can be captured
. heart rate, QOura ring K R
TemPredict . - 50 50 by wearable devices and correlate with self-
respiratory sensor device
reported fever.
rate, HRV
Fitbit, Apple
Stanford PP 81% of COVID-19 cases had changes in their heart
Heart rate, Watch, X
consumer . rate, steps or sleep. Retrospectively, 63% of COVID-
sleep, and Garmin 5,262 32
smartwatches . R 19 cases could be detected pre-symptoms onset
3 activity devices, and X i R
using extreme elevations in RHR.
other
Heart rate,
activity, 2,745 (PCR) and | Physiological data could predict illness on a specific
Fitbit Study®® VY Fitbit devices | 187,573 (PCR) ysiolog P P
respiration 1117 (serology) | day with an AUC of 0.77
rate, HRV, sleep
Data from
Fitbits and any Wearable sensors data can significantly improve
2 RHR, sleep and devices symptom only based models to distinguish COVID-
DETECT . 30,529 54 . . - .
activity connected 19 positive verses negative symptomatic infections
with HealthKit (AUC=0.80)
or GoogleFit
X WHOOP; Model identified 20% of COVID-19 positive cases in
Whoop Respiratory . . -
s wrist-worn 271 81 2 days prior to symptom onset and 80% of positive
system rate, RHR, HRV .
strap cases by third day of symptoms
. Wearable device data showed similar magnitudes
e 3 RHR, activity, L . f i
Evidation and slee Fitbit devices 6,926 230 in daily changes of steps and heart rate
P measurements for both flu and COVID-19 cohorts
Population-Level Viral illness and COVID-19 Detection
The weekly proportion of users with anomalous
Scripps’ Fitbit . . Fitbit data significantly improved models using CDC
s RHR and sleep Fitbit devices 47,249 N/A R .
study ILI data from 3 weeks prior to predict current ILI at
the state level (r=0.84- 0.97) in the US
Fever anomalies are significantly correlated (r=0.54,
931 Kinsa smart 1,321 0.55) with COVID-19 case counts at the county and
Kinsa“" temperature . N/A . . .
thermometers counties state level, respectively, and with national ILI
activity (r>0.95) in the US
Corona Data . L
X RHR and Wearable Sensor data may predict fever anomalies in
Donation o . X 535,298* N/A
27 activity fitness devices Germany
App
Huami Device Heart rate and i i . Physiological anomaly rate correlates with COVID-
Huami device 1.3 million N/A

Users?®

sleep

19 case counts in Chinese cities (average p=0.68)

R EEEEEEEE————————————————
Global Impact of Our COVID-19 Research

l]Z‘lle re . . .
biomedical engineering

ARTICLES

https://doi.org/10.1038/541551-020-00640-6

W) Check for updates

Pre-symptomatic detection of COVID-19 from
smartwatch data

Tejaswini Mishra

Amir Bahmani'?, A
Susan Kirkpatrick'
Ariel B. Ganz»', B ARTICLE

Assessment of physiological signs associated with COVID-19
measured using wearable devices

Aravind Natarajan (' ®, Hao-Wei Su' and Conor Heneghan'

np) | Digital Medicine sewnature.com/npjdigitalmed

M) Check for updates

OPEN

W) Check for updates

scientific reports
OFEN Feasibility of continuous fever
monitoring using wearable devices

Benjamin L. Smarr’*", Kirstin Aschbacher?, Sarah M. Fisher®, Anoushka Chowdhary*,
Stephan Dilchert®, Karena Puldon®, Adam Rao®, Frederick M. Hecht**® & Ashley E. Mason®’:*

Patterns

Characterizing COVID-19 and Influenza llinesses in
the Real World via Person-Generated Health Data

Analyzing changes in respiratory rate to )
predict the risk of COVID-19 infection PLOS ONE

Dean J. Miller>"*, John V. Capodilupo?, Michele Lastella>', Charli Sargent’, Gregory
D. Roach’, Victoria H. Lee?, Emily R. Capodilupo?




Long COVID (published July 2021)

\z‘ Change in RHR for COVID-19-positive vs COVID-19-negative individuals Change in RHR for COVID-19-positive individuals
3 -19 status 121 leviation, beats/min JAMA
T, e | ok |OpEN.
8_
6 Research Letter | Infectious Diseases
4 Assessment of Prolonged Physiological and Behavioral Changes Associated

2 With COVID-19 Infection

0 <
Py //\,M\w/\ Jennifer M. Radin, PhD, MPH; Giorgio Quer, PhD; Edward Ramos, PhD; Katie Baca-Motes, MBA; Matteo Gadaleta, PhD; Eric J. Topol, MD; Steven R. Steinhubl, MD

Change in RHR, mean (95% Cl), beats/min
Change in RHR, mean (95% Cl), beats/min
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Time since symptom onset, d Time since symptom onset, d
E Change in sleep duration for COVID-19-positive vs COVID-19-negative individuals E] Change in sleep duration for COVID-19-positive individuals *
&he New Hork Eimes
804 R 100
5 H c | . . .
i Fitbits Detect Lasting Changes After
S5 a0 22 of
I 25 “
iE ) LN Couvid-19
.&% £ o gE -100 e
o . . . .
. . ! Some people recovering from a coronavirus infection had an
40 200 elevated heart rate for months, according to a new study.
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Time since symptom onset, d Time since symptom onset, d
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z ER A new study using wearable devices could
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Long COVID Wearable Study

An effort to help the millions of individuals with
Long COVID better manage their symptoms




The massive scale & scope of Long COVID

* An estimated 17M individuals in * Over 200 symptoms
the US

 Affecting 10 organ systems
» Estimated over 70M individuals

Idwid
woriawide » 22% cannot work; an
additional 45% work at a
* And growing every day... reduced capacity

References:
https://www.thelancet.com/journals/eclinm/article/P11S2589-5370(21)00299-6/fulltext
https://www.medrxiv.org/content/10.1101/2021.11.15.21266377v1

THE FRONT ROW

at Scripps Research


https://www.thelancet.com/journals/eclinm/article/PIIS2589-5370(21)00299-6/fulltext
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With insufficient medical support, patients turn to each other

| Our collaborators

BODY
POLITIC

PATIENT-LED
RESEARCH
® COLLABORATIVE

THE FRONT ROW

s LONG
:COVID

% SUPPORT

SURVIV:R
CORPS

Empathize « Organize « Mobilize

aﬁ LOHgCﬁEVIdSOS

LONG HAUL
covid fighters

H GOVID 19
gty i KA

“_ » LONQ Covnd K

. % & Friends supporting each othe

...and many more
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The most helpful thing | learned from other Long COVID patients

How to manage symptoms

Every Monday my symptoms .
were the StrongeSt Why? a. When does PEM startﬁ J lg |;|OOW‘|O¢19 does PEM ila'st?

70
ﬂ 50 ﬂ
S C  e0f
2 @
il ©
o o 50 -
[ n v o
Post-exertional malaise 5w ofh x
S 3
© ©  30r
(PEM) g, s
O S
s =
Y 1of 9
10 -
0 >‘— - = I = 0
2> o w5 8 c el e v
g .3 Slek £ & 1313 ¢
5 &< =2 > o < = 5
T A s2r = 2 z E >
Reference: E e 3°° i 2
https://www.thelancet.com/journals/eclinm/article/Pl1S2589-5370(21)00299-6/fL - vg &8
S
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https://www.thelancet.com/journals/eclinm/article/PIIS2589-5370(21)00299-6/fulltext

The most helpful thing | learned from other Long COVID patients

How to manage symptoms using a wrist-worn wearable

How can we avoid PEM?

PaCI ng - ' ! Your Body Battery was nearly depleted.
« ¥h Get more rest after days like this and
pace yourself to avoid fatigue.

We aim to teach participants
how to use wearable devices
to pace & lessen the severity
of their symptoms.

THE FRONT ROW
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What do we hope to show?

We hypothesize that with a Garmin device and advice about how to use it to pace participants will...

Have fewer Have less severe Possibly recover
relapses relapses from Long COVID

THE FRONT ROW
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Early feedback from Long COVID patients

» 86% found the study helpful for symptom management

» Of the 86% who experienced a “relapse” or worsening of symptoms, 83% said the study reduced the severity and/or
duration.

"Through this wearables study...l have “Doctors don't know much about ) o
made adjustments and accommodations in  Long COVID...We are feeling My participation...has greatly
my lifestyle, empowering me to care for alone, and any information helped !n managing thg fatlgue,
myself in a more proactive way." would be great.’ along with many other things.

- Heather-Elizabeth Brown _ Estela Mata - Diago Walker
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Next steps: secure study funding & launch

Current collaborators:

o2+ PATIENT-LED
"- RESEARCH ( —
“.%® COLLABORATIVE

) A
careevolution GARMIN.

To learn more & sign up for updates, visit:

longcovid.scripps.edu

THE FRONT ROW
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https://longcovid.scripps.edu/
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Upcoming Areas of Focus
What’s Next for the Center




Scalable model developed to enable dozens of studies on each platform

Lightweight, foundational protocol

Baseline biometrics
Symptom capture
Vaccination status
COVID-19 test results
EHR data (optional)

THE FRONT ROW

@ DETECT

Layered, targeted sub-studies

At-home COVID-19 testing
Acoustic signaling

Feeling sick?

If you're feeling sick, start tracking your

: Personalized biometric
| triggers
:\I[E;I;Eg;l;AHEAD: New study Long COV' D

You're invited to help us test new
technologies

Baseline Survey

Tell us about your respiratory illness history
and your demographics

Add COVID-19 Test Result

Add the results of a swab test, saliva test, or | / ’ / | / ’
blood test ' '

2/2 Vaccine Doses Received
v First dose on 9/9/2021
v Second dose on 9/30/2021 |

&::© FOUNDATION

€ ROCKEFELLER aWS

i
':' ALVEO St%dés

at Scripps Research



@ DETECT

Feeling sick?
If you're feeling sick, start tracking your
symptoms

DETECT-AHEAD: New study
available

You're invited to help us test new
technologies

Baseline Survey

Tell us about your respiratory illness history
and your demographics

Add COVID-19 Test Result

Add the results of a swab test, saliva test, or
blood test

2/2 Vaccine Doses Received
v First dose on 9/9/2021
v Second dose on 9/30/2021

a e &

Home My Data Resources Account

detect.scripps.edu

€ PowerMom

Welcome Jane,

You are in your 1st Trimester
10 weeks and 3 days Pregnant
-

Due Date: Dec 17th, 2021
29 weeks and 4 days left

| Update Pregnancy Status

Your Fitbit is on the way!
Keep an eye out for an email

from Fitbit regarding tracking
information for your device.

Tasks

Health History Survey >
©10-15 minutes

8 = T

Infectious
Diseases

powermom.scripps.edu

Maternal
Health

THE FRONT ROW
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The Scripps Digital Trial Center: Looking Ahead

=+ PROGRESS

Current points
460p
e *

Tasks
Collect Blood Sample S
190 points | 15 min
Collect Saliva Sample N
185 points | 15 min
Collect Microbiome Sample N
225 points | 20 min
Return Samples a

90 points | 10 min

PRediction Of Glycemic RESponse Study (PR... My Projects

@ [ = Lo

Dashboard

progress.scripps.edu

Precision
Nutrition

@ REFRESH

Good morning

Tasks

Sleep Apnea Screening
Assess your risk for obstructive sleep apnea >

® 8 minutes

Insomnia Screening
Assess your risk for insomnia

& Complete sleep apnea screening

Demographics Survey
Help us ensure fair representation

% Complete insomnia screening

Results

Your results will show here once you have
completed the above tasks.

I s

refresh.scripps.edu

All

Getting Started

Welcome to All of Us - to get started, please tell us
some basic information about yourself.

| START THE BASICS

L] ® & v
0/6 0/2 0/2 0/1
Surveys Biosample Health Digital Health
Records
7/22/2019 Consent
Not started (,‘) The Basics Survey
Not started () Order Salivary Kit
O Return Salivary Kit
Not started 5‘7 EHR Consent
O Link Health Records
Not started ("‘;‘ Share Digital Health Data
Not started (‘D Lifestyle Survey
Not started (‘D Overall Health Survey
a g o Py
Dashboard Tasks My Data Profile

Sleep
Medicine

go.joinallofus.org

Precision
Medicine
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Connect with us

. Scripps Research
Digital Trials Center

digitaltrials.scripps.edu
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