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Fernando Martin-Sanchez PhD, FACHI, FACMI ENaPI.-%)

Environmen tal and
Participatory Health Informatics

e Assistant Professor (interim) Division of Health Informatics, ====*=<* <=°-
Dept. of Healthcare Policy and Research PN

e Environmental and Participatory Health Informatics
(ENaPHI) Research Group

e PhD in Informatics, PhD in Medicine, MSc in Knowledge
Engineering, BSc Molecular Biology and Biochemistry

e Joined Weill Cornell in December 2015

— Professor and Chair of Health Informatics, Melbourne
Medical School (2011-2015)

— Director, Health and Biomedical Informatics Research Centre,
(HaBIC) the University of Melbourne (2013-2015)

— Head of Dept. Medical Bioinformatics. National Institute of
Health Carlos Il of Spain. (1998-2010)

e Research interests: biomedical data integration,
participatory health informatics, exposome informatics,
precision medicine

- Email: fem2008@med.cornell.edu
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mHealth and Participatory Medicine ENaPH

Environmen tal and

Digital health (participatory) technologies _
_ smartphone apps accessible and

— personal sensing devices, H affordable for

. . individuals
— direct-to-consumer e-services
— social media

» Health Informatics is moving into new territories, beyond provider-generated
clinical data - PGHD (Patient-generated health data)

1. Monitoring of individual environmental health risk factors. Exposome
2. Participatory Medicine

» This module will examine how participatory health technologies and informatics
can contribute to generate richer and more robust data sets for biomedical
and clinical research about health conditions, health interventions, and health

outcomes.

 These new sources of individual big and small data (continuous,
comprehensive and personalized) pose great challenges for Health Informatics
and will require new approaches to data collection, storage, standardisation,
integration, analysis and visualisation.

WEill COrnell Med|Cine 5 BDC4CM - mHealth & Participatory Medicine
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majority of clinically relevant data...will be collected outside
of clinical settings.”

« PGHD—health-related data created, recorded, or gathered
by or from individuals to help address a health concern

* Individuals are responsible for recording data and decide how to
share it (Personal Health Data)

Potential Benefits Challenges

Mark Liber

AEEN = == 7
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Key Features

Year Started

Number of Individuals

Age

Ancestry

Medical data obtained

Focus

Data return to
participants

Data available for
research community

* |nitial cohort

® Weill Cornell Medicine

Framingham Heart

Study

1948

5,209*

30-62

>95% European

Every 2 yrs at office visit

Heart disease

No

No

Precision Medicine
Initiative Cohort
Program

2016
1,000, 000
All

Diverse, cross-section of
Americans

Real world, real time, via
mobile devices, Web

All medical conditions,
health

Yes

Yes

Dr. Eric Topol

Informatics
GROUP

BDC4CM - mHealth & Participatory Medicine
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A different way to recruit research ENaPI-\ﬁ

participants

Environmental an
Participatory Health Informatics
RRRRRRRRRRRRR

For a recent breast cancer study, epidemiologist Kathryn H.
Schmitz of the University of Pennsylvania sent out 60,000
letters—and netted 351 women. Walking each participant
through the paperwork took 30 minutes or more. Such inefficient
methods of finding test subjects have been the norm for medical

research.

Apple, working with Stanford University School of Medicine,
developed MyHeart Counts, an app for monitoring cardiac
health. Within the first 24 hours, 10,000 participants signed up
for the study.

Kelton and Makovsky Health -fifth annual “Pulse of Online
Health” found that 66 percent of Americans would use a mobile
application to manage health-related issues.

The patient’s voice has largely been missing from most of the
design and the focus of clinical studies (Ken Mandl, Harvard).

Citizen science, participatory health

Weill Cornell Medicine 9 BDCACM - mHealth & Participatory Medicine
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Environmental and
Participatory Health Informatics

* Introduction to Participatory Medicine

« Participatory technologies and the individual exposome (mobile Health
and the Self-Quantification as new sources of Big -and Small- data)

« Participatory Health Informatics

— From Sensors to information

« Data collection
v' Hardware (sensors, portable devices, smartphones)

v' Software (Apps, Healthkit, Carekit, ResearchKit, ResearchStack)
« Data storage

« Data aggregation and integration (Apple Health, Validic, Shimmer, Open mHealth, ohmage-
omh, Wolfram Connected Devices project, Samsung ARTIK Cloud, Qualcomm Life, Human

API, EHR integration aspects)
— From Information to Knowledge
« Data access
« Data analysis
« Data visualization
— From knowledge to Application (relevant initiatives)

« Health eHeart study, Google Baseline, 100K Wellness Project, Precision Medicine Initiative,
Health Data Exploration and Network, mPower study, Open Humans, N-of-1 (single subject)

studies, BD2K Centers of Excellence (emobilize, MD2K)

WEill COrnell Med|Cine 10 BDC4CM - mHealth & Participatory Medicine




Figure 1. The Internet of Things “stack™
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Current challenges in Medicine ENaPHi

e Need of earlier diagnosis

e More personalized therapies Personalised
medicine

e (Clinical trials and the development of new

drugs need to be faster and more effective ‘

e Improve disease classification systems Precision
e Risk profiling, disease prediction and medicine
prevention f
e Control health system costs Participatory

e (Citizens should take more responsibility for Health

the maintenance of their own health.

= Emphasis on prevention, not cure

WEill COrnell MEdiCine 13 BDC4CM - mHealth & Participatory Medicine
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Conference PHC ENaPI-f?

Environmen tal and
Participatory Health Informatics
RESEARCH GROUTP

To offer a forum to learn and discuss how health informatics and information
technologies can be successfully applied to encourage individuals to play a more active
role in their health.

This will enable cooperative models of care that have the potential to contribute to
more preventive approaches, better disease management, health promotion and

control of health system costs.
\ -

Parficipatory Improving YOUR HEALTH using technological
OO icqith advances and information

®
Conference

11 August 2014 Melbourne Convention & Exhibition Centre

® Weill Cornell Medicine 14 BDC4CM - mHealth & Participatory Medicine



Also Known As... ENaPH{

Environmental and
Participatory Health Informatics
RRRRRRRRRRRRR

» Personalized preventive health
maintenance

 Participatory medicine
» Patient-centric care

« Democratization of health
iInformation

@ Weill Cornell Medicine 15 BDC4CM - mHealth & Participatory Medicine



The Convergence of the Digital 0,
Revolution and Medicine

e We are witnessing the impact of the
digital revolution in other domains
(banking, insurance, leisure, government,

)

* Although digital technology has greatly
affected healthcare at the hospital or
research centre level.

e The digital revolution has not yet reached
medicine at the patient/citizen level

e ——

e THIS IS STARTING TO HAPPEN Te_

NOW 111 g
S

@ Weill Cornell Medicine 16 BDC4CM - mHealth & Participatory Medicine




Availability of devices, sensors, apps, (»
DTC services and Social Networks ENaPHI

Environmental and
Participatory Health Informatics
RESEARCH GROUTP

Wearables

Cardio

RunKeeper Pro
Cost: $9.99

Frequently compared to Nike+, this app, which is

only compatible with the 3G or 3GS iPhones, finally S
offers a tracking system to runners, cyclists, hikers

and skiers alike (Nike+ is only for runners). The app
uses GPS technology to track your route and
speed, and automatically uploads your data to the
RunKeeper website (runkeeper.com) after your
workout. You can log in to view a history of all your
activities, see the exact paths you've traveled
(including elevation!) and share your progress with a
built-in option to post to Facebook or Twitter. A free
version is also available but only the Pro shouts
updates at five-minute intervals through your
headphones.

Sensors

%&N You Give: You Get:
E What's in your microbiome?

donation for basic kit

| How does your microbiome

M eroviomesampie relate to others?

ooty What your microbiome data means

and how to understand it.

N7
\/ puBiome
m

Summaries of the latest research on
improving microbiomes like yours.

17 BDC4CM - mHealth & Participatory Medicine



History of Participatory Health PHi

RRRRRRRRRRRRR

 Tom Ferguson MD (died in
20006)

e Coined the term e-patient

« “e-patient: how they can help
us to heal health care”

~patients

how they can help us heal health care

; - o = it O o S

because health professionals can't do it alone

== A 12101

Weill Cornell 18 BDC4CM - mHealth & Participatory Medicine



History of Participatory Health ENaPH”
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« September 2009 — California Healthcare Foundation
Report: “Participatory Health: Online and Mobile
Tools Help Chronically Ill Manage Their Care”

« “Partnership between patients and providers and
trusted experts, one in which participation is enabled
and enhanced by technology and information”

o “Patients are the most under-utilized resource, and
they have the most at stake. They want to be
involved and they can be involved. Their participation
will lead to better medical outcomes at lower costs
with dramatically higher patient/customer
satisfaction”

Charles Safran MD

@ Weill Cornell Medicine 19 BDC4CM - mHealth & Participatory Medicine
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History of Participatory Health ENaPI-f?

Environmental an
Participatory Health Informatics
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2009. = Patients empowered, informed and involved in decision making,
prevention and learning

i’ociei}_/ fo_r 1' #)urn{:a_l of :
aArcipalor arfciparor
@ Mediciﬁe Y Mediciﬁe Y

self tracking devices

Social networks

games

Participatory Health

mobile

Internet of things

PHR

Sensors

W6i|| COI‘ne“ MEdiCine 20 BDC4CM - mHealth & Participatory Medicine



Definition

Regina Holliday

@& Weill Cornell Medicine

21

O,
ENaPH1

Environmen tal and
Participatory Health Informatics
RRRRRRRRRRRRR

Society for
Participatory
Medicine

“Movement in which
networked patients shift from
being mere passengers to
responsible drivers of their
health, and in which medical
care providers encourage and
value them as full partners”.

BDC4CM - mHealth & Participatory Medicine
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Environmen tal and

E-patient ‘
patients

Participatory Health Informatics

% . § theCUfe RESEARCH GROUFP
;’v‘

 Gimme my damn data!
* The patient will see you now...

. Un tumore al cervello. A brain cancer.
° Let panents help Degli Open Data molto  Some very personal

personali. Open Data.

* Nothing about me without me! |t

 Dave de Bronkart

* Regina Holliday

 Hugo Campos

« Salvatore laconesi

» Stephen Keating

« Sonia Vallabh & Eric Minikel
« Stephen Damiani

« Matt Might

WEill COrnell MediCine 22 BDC4CM - mHealth & Participatory Medicine
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£ Casey Quinlan
b MightyCasey

| for one threw privacy overboard like a dead
cat by planting this on my chest (PW
protected, tho) #hcsmca

4 Reply % Favorite = Buffer <+« More ¥ HootSuite

Environmen tal and
Participatory Health Informatics
RESEARCH GROUFP

CM - mHealth & Participatory Medicine



2) NIGHTSCOUT
7 #WeAreNotWaiting

Nightscout (CGM in the Cloud) is an open source, DIY project that allows real time
access to a CGM data via personal website, smartwatch viewers, or apps and widgets

available for smartphones.

Dana Lewis and her
husband Scott Leibrand
invented the

Do It Yourself Artificial
Pancreas System (#DIYPS)

How Do You Get Your CGM in the Cloud?

She then took it a step
further, founding the
#OpenAPS movement to
make safe and effective
basic Artificial Pancreas
System technology more
widely available (and
sooner).

Features of a Nightscout
site include:

Weill Cornell Medicine 24 BDC4CM - mHealth & Participatory Medicine




S
|IOM Workshop & Report 2013 ENaPFI?

Environmental and
Participatory Health Informatics
RESEARCH GROUP

Partnering with Patients to Drive Shared Decisions,
Better Value, and Care Improvement - Workshop
Proceedings b PATIENTS

- e

PARTNERING

\k" | &;‘ &
empowerment: »{ Y |
feelinformed about yourheath \
o /| | comfortable asking Shared
ctedness rovider questions — doat
bl E - H engagement | ————> decision
continuity provider usually explains things in making

away you understand

v

confidentyou can make heathcare
decisions

W6i|| Corne“ MEdiCine 25 BDC4CM - mHealth & Participatory Medicine




Connectedness Continuity

¥ ¥

EMPOWERMENT
Patient — data interaction Patient — physician interaction
(IOM Workshop & Report, 2013. Partnering
e DTC Genome / Microbiome with Patients)
e DTC Dx testing / Check-ups
Data collection * Personal medical image management

* Personal sensing and monitoring (QS) Comfortable
e Patient reported outcomes asking your
provider
questions
¢ PHR / EHR (Clinical notes) : :

Data storage and

acCcess
Feel informed
about your health
Confident Pur;:/ ;(ljlflr
e Crowdsourced clinical trials that VOkU can explains
. . make . .
Data sharing and . N.-(.)f-l Stl.!dles . P e tI\"l\;r;gs gwua
use * Citizen Science. Data donation decisions vy
understand

* Social media

M

Self- e Shared decision-
management Engagement making




Table 1

Some examples of validated questionnaires capturing (aspects of) patient empowerment

Measure

Patient
Enablement
Instrument

Patient
Activation
Measure

The
Empowerment
Scale

Diabetes
Empowerment
Scale

Patient
Empowerment
Scale

Genetic
Counselling
Outcome
Scale

Conditions-
specific or
generic?

Generic

Generic

Conditions-
specific:
Mental
healthcare

Conditions-
specific:
Diabetes

Conditions-
specific:
Cancer

Conditions-
specific:
Genetic
conditions

Construct operationalised

Aspects of perceived control over illness

Activation levels (skills, knowledge, and beliefs
needed by patients to self-manage, collaborate with
healthcare providers and maintain their health)

Self-efficacy, power-powerlessness, community

activism, righteous anger, and optimism-control over
the future

Self-efficacy

Use of coping resources, an aspect of personal
control

Perceived personal control (cognitive, decisional and
behavioural control), hope and emotional regulation

Reference

Howie et
al. 1998
[19]

Hibbard et
al. 2005
[20]

Rogers et
al. 1997
[21],

Anderson
et al. 2000
[22]

Bulsara et
al. 2006
[23]

McAllister
et al. 2011
[24]

ind
h Informatics
GROUP

Medicine
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JMIR

Seseee

L L 0...

w (Juantified Self

o _osss’ Soee self knowledge through numbers

Medicine X Patients \/

THE INTERSECTION OF MEDICINE AND EMERGING TECHNOLOGIES
Included

- Medicine 2.0

I
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Interest from Governments ENapl-Y

nnnnnnnnn tal and
Pt patorv Health Informatic:

Australian
PCEHR

myHealth =
Record

n Health Priorities
ework 2012-2022:
pol tan Health Plan

People are  &*;
managing their =~
own health
better.

=2 [ =
m\om\anon Centre

New NHS Information strategy emphasises
patient-centric healthcare records

W6i|| Corne“ MEdiCine 29 BDC4CM - mHealth & Participatory Medicine



Personal Genomics & Microbiome ENaPHi

Environmental and
Participatory Health Informatics
RESEARCH GROUFP

Martin Varsavsky Account Help Blog Log out

23andMe Search

My Home d isease riSk Share my health results with family and friends

Inbox (1)
My Health 0y
> Diseese Risk Show results for | Martin Varsavsky %) See new and recently updated reports »
)
Carrier Status 2% 23andWe Discoveries were made possible by 23andMe members who took surveys,
Drug Response Elevated Risk
Traits
Name Confidence Your Risk Avg. Risk Compared to Average

Health Labs
- MICROBIOME

Atrial Fibrillation
MyM“IW Al lonhatx

Maternal Line Type 2 Diabetes 36.1% 23.7% 1.53x higher risk  &=* P R OJ E CT

Paternal Line

Prostate Cancer ¢J' 23.6% 17.8% 1.32x higher risk =
Relative Finder
Ancestry Painting Colorectal Cancer 7.4% 6.1% 1.22x higher risk  §
Global Similari
’ farity Restless Legs Syndrome 2.5% 2.0% 1.25x higher risk |
Ancestry Labs

Ulcerative Colitis 1.4% 0.8% 1.79x higher risk |

Compare Genes

Family Inheritance Esophageal Squamous Cell Carcinoma 0.4% 0.4% 1.21x higher risk | \\‘ g i /
49 ‘ 1.21x higher risk | == T

23andMe Community (ESCC) [new

Genome S E N (]
one haring Stomach Cancer (Gastric Cardia . Ir‘
Adenocarcinoma) [new 0.3% 0.2% 1.22x higher risk | /i
e =arcl
23andWe — A

Research Surveys (21) Alopecia Areata * Kk + /\\\ y.
N G \
. s e\

_ ResearchSnippets | Ankviosing Soonaviitis idat *kk

Sharing & Community
Crohn's Disease 0.8% 0.5% 1.50x higher risk ! l l/

Weill Cornell Medicine 30 BDC4CM - mHealth & Participatory Medicine




Personal diagnostic testing ENapl-Y
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 “Test at home, treat online”

 Urinary tract infection, strep throat, flu, cholesterol,
Lyme disease, Mono, sexually transmitted
diseases, pregnancy, yeast infections and others.

(Not yet evaluated by regulatory agencies)

Qu l\|Ch eck "

YBASTlNFBCTION .

\\\

Welll Cornell Medlcme 31 i BDC4CM - mHealth & Participatory Medicine




Personal medical image management EnaPHi

Environmental and
Particinatorv Health Informatics

o2& .
How MediCle Works 12

Access to your personal X-rays, MRIs and other diagnostic images.
Get started today with our easy-to-use HealthVault App.

‘ XRF.I Signin | Register | Feedback
|ea=§ Home Users’ Stories l Product l FAQ l About Us l my XRFiles l

Empowering Patients

Patient image communications without CDs
licensed or hosted solutions

Personal Medical Image Archive in the Cloud

# XRFiles is an easy way to share, store and manage your medical image exams. Send them
securely and in full fidelity to experts to seek 2nd opinion. Call now to schedule a meeting

(650) 409-7292

¥ Your privacy is our priority. No one but you or people you authorized will have access to your or email to info@XRFiles.com

exams. Full real-time audit trail and permissions you can review, modify and revoke at any time keep
you in full control.

W6i|| COI‘nell MediCine 32 BDC4CM - mHealth & Participatory Medicine
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« Self tracking / self quantifying / self
monitoring

* The belief that gathering and analysing data
can help them improve their lives!

* Groups 228, Members 67K, Cities 89,
Countries 31

 Quantified Self is a collaboration of users
and tool makers who share an interest in self
knowledge through self-tracking.

e There are three main “branches” to our work.

— The Quantified Self blog and
community site.

— Show and Tell meetings (Meetup
groups) -

— Quantified Self Conferences (US and
Europe

Weill Cornell Medicine 33 BDC4CM - mHealth & Participatory Medicine



Personal Health Records

14

12

Number
OF
Drugs

10

patory Health Informatics
RESEARCH GROUP

Azathioprine

Kathryn McCurdy’s Medical Timeline

Benadryl
Hydrocortisone
Vitamin E Oil

1
Age aq
Year 1980

Source: diyehr.com | Kenneth Spriggs

Digestive & elated problems 1 Myasthenla Gravis

-
Benadryl
ire N rugs
Demerol
Dilaudid
Azathioprine Os-Cal/Vvit D
Crohn’s Disease Benadryl Pentasa
Eczema/Dermatitis Demerol Prednisone
Crohn’s/Surgery Side Effects| Flagyl Remijtade
Asthma Levaquin Versed
Crohn's Misdiagnosed Pentasa Klorjokin
Depression Pepcid Lexdprp
Prednisone Profonix
Remicade zngxa&‘
T{'Z’;‘;‘ |azathioprine
Azamacort Y1 “ Benagryl
Intal Inhaler Proveéntil Inhaler | Demerol
Proventil Inhaler Bengdnyl | DilaUdjd_
Nebulizer Theo-Dur Bentyl | | Os-calyvit o
Proventil Inhaler Benadryl DD'\hdt?l Elixer | Remlca‘de
Theo-Dur Hydrocortisone Maglox| | Versed|
Benadryl Vitamin E Oil Azamacoft | | Vicodin|
Hydrocortisone o Intal Inhaler | ‘V Vitamin|B-12
Vitamin E Oil \ Multi-Vikamin

Proventil Inhaler | -
Phenergan Sugpositories ( |\ Azathioprine
/ \ | Os-CalyvitD

A | 2 A
zamacort / \ | Vitamin B-12

Azathioprine
Os-Cal/Vit D

Intal Inhaler \ Azathi \ N Vitamin B-12
Proventil Inhalef \ Remicade ""’;"’d't'::" Psyllium
ER Visi \ Ambign ‘Questran.——

\ / | \ Lexapro Azathioprine  Azathioprine

Os-Cal/Vit D
\ Vitamin B-12
! / Imodium
Azathioprine
Remicade

Os-Cal/Vit D
Vitamin B-12
Welchol

Azamacort
Intal Inhaler
Proventil Inhaler

Proventil Inhaler
1 1 1 1 I 1
19 24 29 34
1995 2000 2005 2010

1985 1990

Posive ydrogen

4 months o good guts
aesantbotics or spider bite
wasafo dinking ot o

= Startpredisone. Kombucha

Dairy sensitivitygets worse

= Plasmapharess

Guts feling better
rong probiotc seem tohel
can now toleratecabs wiout bloating
gained welght & musce back
sillsome urgency
swollenjoints i the moming

Felt better
= Start mestnon
E—— = Plasmapheress
beforesurgery
T 1 T T T T T T T T T
1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 199208

Dalry sensitiy 5.
ababy

Feltworse

Reguiarnervous stomach

H

4 -school efusa
bute et similar o my current
symptoms

ook antansiety drugs
forfew months resoved

ornell Medicine

2 Bresent

= Weakness s problematic:
| Widinexpleable uctuotion, even
1 throughout one day
| Voice weakness
Nosmie/wesk facial musdies

Vaice weakness

| Stomach went bad | ifculty chewing
| morming sues, e General Tt
Doubl ison mestl beter though

estotdoy
| e cats
oo G ognsts
- facial weakness ‘ |
double vislon on rightside: |
“antmstnon |

15t double vison episode
notencugh seep
~deiking 100 much

doubie vision intefered widasses pked Prednisone for o Souty resoning

achyjoints
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Open Notes — Patients reading Doctor’s notes ENaPH

A( :P American CoLLeGe oF PHYsICIANS
INTERNAL MEDICINE | Doctors for Adults®

Annals of Internal Medicine

ESTABLISHED IN 1927 BY THE AMERICAN COLLEGE OF PHYSICIANS

patients and clinicians on the sam¢g

Collections  In the Clinic

Home Currentissue Allissues  Online First ournalClub CME

Getting Started | Research 2 October 2012, Vol 157, No. 7>

&4 Email 2\ Share [ GetCitation ™| Slideset(.ppt) “% PDF

Original Research = 2 October 2012

Inviting Patients to Read Their Doctors' Notes: A Quasi-
experimental Study and a Look Ahead =

Tom Delbanco, MD*; Jan Walker, RN, MBA*; Sigall K. Bell, MD; Jonathan D. Darer, MD, MPH; Joann G. Elmore,

Why
MD, MPH; Nadine Farag, MS; Henry J. Feldman, MD; Roanne Mejilla, MPH; Long Ngo, PhD; James D. Ralston,

Patiel
active MD, MPH; Stephen E. Ross, MD; Neha Trivedi, BS; Elisabeth Vodicka, BA; and Suzanne G. Leveille, PhD, RN
care [+]Article and Author Information

Get Started

More than 7 million patients have easy access to their

clinicians’ notes

Columbia St Mary’s - a Milwaukee Health >
System - Adopts OpenNotes
- Legacy Health
- Harborview Medical
Center & University of|
Washington
- Vancouver Clinic

- Billings Clinic
- Livingston Healthcare
- Northeast Montana
Pioneer Medical Center
Roundup Memorial Healthcare
Sheridan Memorial Hospital Association [
land Memorial

- Group Health
- Virginia Mason Dartmouth-Hitchcock

Mental Health Notes Empower Patients

Legacy Health
 Oregon Health and
Science University
“The Portland Clinic
+Salem Health

5| - OCHIN
 Kaiser Permanente
Northwest

“Weston County
Health Services

“Hot Springs
County Memorial
Hospital

isinger Health System
ncaster General Hospital
nn State Hershey
fellSpan

 Providence Health
System
 Peace Health

| Medical Group

Weill Cornell Medicine

Wellspan Health (MD)
A VCU Health

/ake Forest Health
rolinas Healthcare System
‘Duke Health

.

...2dicine

e M |



Open Notes — Patients reading Doctor’s notes ENaPI.-%)

d
Participatory Health Inform
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* Individuals with access to their health information are
* better able to monitor chronic conditions,
* adhere to treatment plans,
* find and fix errors in their health records,
* track progress in wellness or disease management programs,

and
* directly contribute their information to research.

Individuals’ Right under HIPAA to Access
their Health Information 45 CFR § 164.524

Weill Cornell Medicine 36 BDC4CM - mHealth & Participatory Medicine
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Crowdsourced clinical trials ENPHY

Environmental and
Participatory Health Informatics
RESEARCH GROUTP

e C(Clinical Research with the patients, not on the patients

e Examples
— 23andMe - Parkinson’s Disease — PLoS Genetics, 2 new genetic
associations
— PatientsLikeMe — Nature Biotech. Self-reported data from 600 patients
on the use of lithium for Amyotrophic Lateral Sclerosis (ALS)

— Acor, RevolutionHealth, Curetogether, Genomera, Althea Health

COMMENTARY

DATA SHARING

Power to the People: Participant
Ownership of Clinical Trial Data

Sharon F. Terry' and Patrick F. Terry?

Participation in clinical trials is dismally low. In this age of electronic sharing of infor-
mation of all sorts, trial participants can easily share clinical trial data. The benefits of
participant ownership and sharing of trial data appear to outweigh the risks. Thus, the
time has come to crowd-source data for diagnostic and therapy development.

TR
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Patient reported outcomes I

» Health services —
and outcomes — ——— |
research i, |
of care from the e I
patient
perspective

\

Corn et The National Patient-Centered pCO r |
Clinical Research Network
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Shared decision support ENaPl-f”i)

Environmental and

Expert Systems with Applications

Volume 39, Issue 14, 15 October 2012, Pages 11775-11781

Shared decision support system on dental restoration

Seon Gyu Park? B4 Sungin Lee®? & Myeng-Ki Kim?- B4 Hong-Gee Kim?: ¢ da . &4

2 School of Dentistry, Seoul National University, 28 Yongon-Dong, Choong-gu, Seoul 110-748, South Korea

© Biomedical Knowledge Engineering Laboratory, Seoul National University, 28 Yongon-Dong, Choong-gu, Seoul 110-749, South
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Functional Description H
H
Oral Examination '
' r— —
Disease & Finding H
Its location (Tooth) o Dental Experts,
ElE Textbooks
[ _J
1
'
[ -
1
i
4 Dentist
H
1
o -
1
1
Preferences H —_—
]
Convenience v : Definitive
Price = T Plan
Esthetics Shared Decision|
Longevity Making |
:
H
1
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B I u e Bu tto n Meaningful use —

V/D/T

Download .., ...
v/ My Data .

Blue Button™

The Blue Button is a symbol for patients to Blue Button+ extends the Blue Button concept

view online and download their own personal to include a standardized data format and
additional functionality

health records.
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Visualisation tools

Juhan Sonin, 40

Height Real Age

Weight Happiness
Waist Circumference Family
Professional
Eating Habits o Sleep
Caloric intake/day > Family History
Vegetables ° AGhsitirs
Bl Prostate cancer
Exercise ey
Steps/day 4 High Cholesterol
Vigorous Exercise/week Personal History
X © Broken Right Ring Finger
Environment Torn Right Flexor Tendon, Thumb
GeoScore Right Bicep Tendon Tear
Sit/Stand Ratio @
Medication (none)
Vaccinations
Tetanus Heart Labs
8 Myeloperoxidase
MMR Lp-PLAC2
Hepatitis A ® High Sensitivity CRP
'—;ss:lf:ii P Apolopoprotein B
Apolopoprotein A1
Influenza ®  ApoB/ApoA Ratio
Polio ® sdLDL
Typhoid a
Meningeal ® Total Cholesterol
Smallpox Direct HDL Cholesterol
Yellow Fever ® Triglycerides
®  Non-HDL Cholesterol
Alcohol Blood count
Drug Use Hemoglobin (Hgb)

vwWDWw

healthdesignchallenge
Weill Cornell Medicine

BACTA

MEDICAL CENTRE ORDERED BY:

Bloodwork Cardiology Result

Patient info
wni: John Doe

GENDER: M AGE: 49

COLLECTED:

pog: 01/10/1961 RECEIVED:

O,
ENaPHI

Environmental and
Participatory Health Informatics
bEcEADFUL ROUP
Dr. Francis Pulaski

Bellevue Medical Centre
lamard@bactamed.edu

(603) 555-54321 x1523

5

11/02/2010, 10:40 a.m
11/02/2010. 1:03 pm

About this test
This report evaluates your potential risk of heart disease, heart attack, and stroke.

Your results

CRP level test

Lowrisk  Average

n in the blood linked

@ your level of a specif

High risk of cardiovascular disease
1-10 mg,

Total cholesterol level

Desirable

Borderline
w0 »

inflammation of blood w

2
i

High

240 2400

LDL “bad" cholesterol @
Optimal Near Borderline  Wgh Very High
ot Optimal  high 50 1m " 1%
HDL “good™ cholesterol e
Low ’P‘I‘Ch

Normal
wn

O gD

e Your risk You show an elevated risk of cardiovascular disease

15%

Use your CRP results and cholesterol level to calculate your 10 risk of a cardiovascular event at

If you're a smoker with normal blood
pressure, (130 mm/Hg) but family history
of heart attack before age 60 (one or
both parents) your risk over 10 years is

12% if your blood pressure
10% if you quit smoking
6% if you reduced choleste:

Your risk would be lowered to

were 120mm/Hg

rol to 160mg/DL
ReynoldsRisk.org

_ % what now?
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Clinicians’ resistance : N\ Patient advocates

o AVAA

S ——
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PARTICIPATORY HEALTH

MEDICINE

Proactive

Curative

Shared decision making

Clinical decision making

Adherence, compliance vs activation
Literacy VS Clarity
Research n=they VS n=me and n=we

Patient-generated data
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Submissions to Australian PCEHR I_gsl)
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Consumer Health Forum,

. . C -health Alli
» it must be recognised that as onsumer e-hea il

a design feature of the * The ‘personally

PCEHR, patient control ,
means that the PCEHR controlled’ aspect of the

Cannot be relied on as a eHeaIth record |S What
trusted source of key clinical makes it such a powerful
information. 3 consumer resource.

« The absence of specific _ _
remuneration for medical  Patients and potential
prélctitioner c%ontribution to the patients — health
PCEHR reinforces the need to
ensure that using PCEHR GolsLinEtis = must be
functions does not impose any informed and engaged as
additional workflow the ultimate users of the

requirements on them. PCEHR.
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US Doctors were the most open toward patients 2 |§)
updating the information in their EHRs ENaPHI
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Figure 2: Information Patients Should be Able to Update in Electronic Health Record

B ratient should not update [l Some information [l Al information
Global

c
wv

Lab test results

'S
N
[
-
N

25

&

w
-

Change in symptoms 23% %

New symptoms 23

&

Ky 5

New medications 21%

—

5%

wn

Personal medical history 33%

¥

g 3 H E
N 3
N 1 E 5
g
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2
2
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&
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z
1 H B H E
-

Medication side effects

Self-measured metrics  JREG

3
3
3
2
3

Allergic episodes [R¥I™

2
§
g
2
E

2

Family medical history ™ 290%

g

12% 21%

?

Demographic information LRI 65% 50 16% 79%

Source: Accenture Doctors Survey

US doctors were the most open toward patients updating the information in their electronic
health records, according to Accenture’s eight country survey of 3,700 doctors.
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Evolution

and Health Care
Continuum of engagement >
Levels of Partnership and
engagement Consultation Involvement shared leadership
Patients receive Patients are Treatment
information asked about their decisions are

about a preferences in made based on
diagnosis + treatment plan _} patients’

. preferences,
Shenkin B, Warner D. medical evidence,
o o . 0 and clinical

Giving the patient his judgment
medical record: a proposal
2 Organization Hospital involves Patients co-lead
toim p rove th es y stem. surveys ':;tlmts _’ patients as hospital safety
about their care advisers or and quality
N E.I M , 1 .9 7 3 advisory council improvement
members committees
Public agency Patients’ Patients have equal
conducts recommendations representation on
focus groups about research agency committee
withpatients ) prioritiesare ) that makes
to ask opinions used by decisions about
about a health public agency how to allocate
care issue to make funding resources to
decisions health programs
L : J
Factors influencing engagement:

EXHIBIT 1

A Multidimensional Framework for Patient and Family Engagement in Health

o Patient (beliefs about patient role, hezlth literacy, education)

o Organization (policies and practices, culture)
® Society (social norms, regulations, policy)

source Kristin L.Carman, Pam Dardess, Maureen Maurer, Shoshanna Sofaer, Karen Adams, Christine
Bechtel, and Jennifer Sweeney, *Patient and Family Engagement: A Framework for Understanding the
Elements and Developing Interventions and Policies,” Health Affoirs 32, no. 2 {2013): 223-31. noTE

Movement to the right on the continuum of engagement denotes increasing patient participation and
collaboration.

o
s
)
5/
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 Stephen Keating

https://exponential.sinqularityu.org/medicine/can-selfies-save-us-
with-steven-keating/

* Regina Holliday
https://vimeo.com/24857924

« Matt Might
http://healthsciences.utah.edu/innovation/algorithms/2015/five.php
http://matt.might.net/articles/my-sons-killer/

« Stephen Damiani
http://www.missionmassimo.com/

« Sonia Wallabh & Erik Minikel
https://www.youtube.com/watch?v=ni4RRMz2mJQ
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Phenotype

Phenome

Exposome
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Contribution of Genetic and
Non-Genetic Factors to Melanoma
Ge'_]et'c Threshold for Development of a Complex Disease
RISK I | R Il Genet
21% [ Gene2
Il Gene3
[] Gened4
Il Oiet
[] Exercise
Non- Ethnicity
Genetic B Gender
Risk Genetic
Non-Genetic : :
79% : § Genetic and Non-Genetic
2 ?::: = Risk Factors Risk Factors

Coriell Personalised Medicine Collaborative

< W Ly

“Mountains of genomic
data are accumulating
that are of little use
because they are not tied
to clinical information,
such as family medical
history.”

Marc Rubin,
Nature 2015

bit.ly/precisioncancer
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Digital health

Exposome / Expotype Genome / Genotype

Environmental risk factors WL ’/M Biomarkers (DNA sequence,
(pollution, radiation, toxic agents, ...) i ! Epigenetics)
‘\mww‘ W\MF

Anatomy, Phy5|olog|cal b|ochem|cal parameters
(cholesterol, temperature, glucose, heart rate...)

ﬁ Social media / Personal health record —
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Personalized vs Precision Medicine epn-pH;
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Personalized
Medicine

Precision
Medicine

Data sources:

New data sources, PGHD
Exposome
(environmental data)
Metabolomics
Proteomics
Microbiome
Epigenome

Genomics (genomic
variants)
Phenotype (clinical records)

PM combines the knowledge of the patient’s characteristics with traditional medical records and
environmental information to optimize health.

PM does not only rely on genomic medicine but also integrates any other relevant information such as

non-genomic biological data, clinical data, environmental parameters and the patient’s lifestyle.

Servant N et al. Front Genet. 2014, 5: 152.
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Direct Volunteers

fifi=

. Biological Samples —
&/’ HUH-Z:—‘ ® M
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HPO Volunteers

Self report Measures

=2 mHealth Data —— mmwww
NConsent(—/‘

EHR Data




Role of Biomedical Informatics in ENaPH”
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— Emerging approaches to disease prevention,
diagnosis, and treatment through detecting,
measuring, and analyzing individual variations
in molecular, genomic, cellular, clinical,
imaging, behavioral, physiological, and
environmental data.
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* Precision medicine enables a safer, more
efficient, preventive and proactive
medicine, but needs to tackle the
complexity and diversity of personal health
Information, beyond the genome
sequence.

Topol E. Cell 2014
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Data flow

Research / Dx lab
prmie . R

L 4

DTC services
(genome,
microbiome.
analytics)

Phones,
sensors,

geospatial
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Clinical care

i Environmental
Data
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S Electronic
Personal Health Records
Health
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........... ————
|
R B,
| |
H ' | :
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From sensors to
iInformation
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Data collection
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Choosing the best app
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* There are now around 165,000 health-related apps
which run on one or other of the two main

smartphone operating systems, Apple’s iOS and
Google’s Android. PwC, a consulting firm, forecasts

that by 2017 such apps will have been downloaded
1.7 billion times (The Economist)

I From wellness to not-so-wellness H
United States, mobile-health apps, 2015, %

WELLNESS DISEASE AND TREATMENT
0 20 40 60 80

08118 Disease-
nutrition Eaiils

Women'’s health
and pregnancy
Source: IMS Health Medication reminders

100

Other

Health-care
providers

Economist.com
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Top 20 Apps by condition (# of apps) Top 20 App Makers (# of apps)

Medical Sensors

Rheumatology Ge:::::hn g
Asthma Sanofi-Aventis-Pasteur m-
Multiple Sclerosis Merial
Psoriasis Biogen Idec g
Investor Relations m-
Preganancy Me:::z n
Skin Care Amgen “
Cancer Support Siemens “
Vision Care Novo Nordisk -_
Oncology Johnson & Johnson -_
Cardiovascular (CV) Roche -_
Baby care GlaxoSmithKline (GSK) WL M
Corporate AstraZeneca __
Diabetes Janssen -_
Healthy Living Boehringer Ingelneim I L
Medical Meeting Pfizer __
Animal Health Novartis
Medical Reference L S ———
HCP Took 11% of total Baver | R— 11.2% of total
0 20 40 60 80 100 120 140 160 0 20 40 60 L 00 120 140 160
Apps by device
ot Sy | The Evolving Landscape of
Medical Apps in Healthcare
Windows |
o http://hitconsultant.net/2014/06/23/the-
ackberry
evolving-landscape-of-medical-apps-in-
Android healthcare/
iPad
iPhone ) 48.2%
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Opinion

In Search of a Few Good Apps

mHealth apps are mobile device applications in-
tended toimprove health outcomes, deliver health care
services, or enable healthresearch.' The number of apps
has increased substantially, and more than 40 000
health, fitness, and medical apps currently are avail-
able on the market.? Because apps can be used to inex-
pensively promote wellness and manage chronic dis-
eases, their appeal has increased with health reform and
the increasing focus on value. The bewildering diver-
sity of apps available has made it difficult for clinicians
and the public to discern which apps are the safest or
most effective.

The US Food and Drug Administration (FDA) has
paid close attention to mHealth apps, because it has
regulatory authority over their safety. The agency re-
cently clarified that mHealth apps acting as medical de-
vices or as accessories tomedical devices will require FDA
approval, whereas apps that provide users with the abil-
ity to log life events, retrieve medical content, or com-
municate with clinicians or health centers will not be
regulated underitsjurisdiction.* For example, an app that
tracks glucose levels and suggests insulin dosages would
be regulated, whereas an app that tracks a patient’s
weight and makes general suggestions about exercise
would not. In general, apps that provide precise treat-
ment recommendations and diagnostic information will
receive more regulatory attention. Although the FDA has
focused on safety, it has largely left the review and cer-
tification of apps to the marketplace.

The currently available reviews of mHealth apps
have largely focused on personal impressions, rather
than evidence-based, unbiased assessments of clinical
performance and data security. Although evidence-
based reviews are not extensively available for mHealth
apps, they are available for other categories of health in-
formation technology software. For instance, KLAS has
successfully made a business out of producing report
cards on the quality of health information technology
vendors and enterprise software packages, presum-
ably simplifying the lives of hospital leaders.” This model
has worked for enterprise software because users of ex-
pensive software are seemingly willing to fund unbi-
ased reviews. However, this approach appears unlikely
to work for mHealth apps because users of free and in-
expensive apps are less financially invested in their de-
cisions than hospitals. Furthermore, certification may be
problematic in mHealth because certification compa-
nies ordinarily aim to generate revenues by charging the
app developers they are evaluating—an inherent con-
flict of interest. Thus, thereis a need for alternative mod-
els for app review and certification that are sustainable
and free of conflict of interest.

However, given the sheer number of mHealth apps,
itis unlikely that all will ever be meaningfully reviewed
by asingle organization. As astart, an organization could

Medical A

feasibly review the quality of the most widely used and
clinically useful mHealth apps. Furthermore, guidelines
could be established to help developers build high-
quality apps and to serve as a basis for app review. The
guidelines might include a broad range of categories,
such as safety, accuracy, and security. By telegraphing
these guidelines, as well as standardized approaches to
achieving them, the organization will be able to influ-
ence mHealth app developers early in their planning pro-
cess, enabling them to build their apps with these prin-
ciples and a review process in mind.

App review organizations would likely need to
include in their reviews a certification process to
ensure that apps do not pose potential harm to their
users or have significant security and privacy vulner-
abilities. Certification entities in other industries are
successfully protecting people from harm. For
instance, the Health On the Net Foundation, a non-
profit, nongovernmental organization, plays an active
role in evaluating the quality of online medical content
and provides websites a certification that assures
both consumers and clinicians of the accuracy of the
medical content. Similarly, Underwriters Laboratories
is a well-respected for-profit entity that provides
meaningful but optional information that consumers
can use to evaluate the safety of electronic devices. In
mHealth, the startup Happtique began certifying the
operability, privacy, security, and content of apps but
ultimately suspended its operations after a developer
discovered that 2 certified apps handled data
insecurely.® The attention that Happtique received
suggests that many people consider the security of
mHealth apps to be important and want them to be
evaluated rigorously. From these cases, it appears that
both nonprofit and for-profit certification are viable
means of improving the quality of low-cost and free
consumer products and services and that there is
demand for mHealth apps to be certified. The Office
of the National Coordinator for Health Information
Technology (ONC) could help support the develop-
ment of mHealth app guidelines and eventually com-
mission app certification entities, as it is now doing for
electronic health records (EHRs).

Another important role for app review organiza-
tions is illuminating the effectiveness of mHealth apps.
Although more rigorous evaluations are needed across
all mHealth, many apps share components (eg, remind-
ers, logging, pedometer). Evidence for these common
features might be cited in app reviews. For example,
because countless apps use smartphone-based accel-
erometers as makeshift pedometers, it would be help-
ful to highlight that evidence suggests that pedometer-
based walking interventions are associated with an
average weight loss of 0.05 kg per week.” Greater
focus on outcomes may shift the focus of app develop-

JAMA May 14,2014 Volume 311, Number 18

All rights reserved.
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IMS INSTITUTE

FOR
HEALTHCARE INFORMATICS

Patient Apps for R ///
Improved Healthcare \\

Tracking/Guidance

0 S &10 11-15 1620 21-25 2630 31-35 364D 3145 4650 51-35 5660 6165 65-0 7175 76-80 B1-8S 8690 91-9596-100
Functionality score
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RA NKED o Acceptable

Participatorv Health Informatics
Clinical Effectiveness

000 3

L]
Cu I’ated Health AppS & DeVIceS Functionality
0000 4
With a Focus on Clinical Relevance, Safety, and Efficacy Usability
0000 4
Reviews by Clinicians, Researchers, & Patients. 70
Led by Experts From Top Ranked Teaching Hospitals & Universities. Version: 1.9.6

Developer: Hello Doctor, Ltd
Review Date: 2016-03-02

Cost: $59.99; OR requires premium code from employer

n 1. Mental Health
1. Fitness
’ MIT
2. Heart Disease
HaCklng 2. Medication Adherence
CARDIOVASCULAR REPRODUCTIVE HEALTH/ PREGNANCY
Medicine 3 piabetes
Hello Heart Premium Ovia Fertility | . 3. Symptom Tracking
Acceptable: 70 Acceptable: 70 4. Obesity
An outstanding mobile app for people interested in A well designed app intended for women of child- 4, Repl’Od uctive Health
monitoring and tracking their blood pressure. However, it bearing age for fertility planning
lacks high-quality evidence to backup their claims of 5. Sleep Disorders
helping people manage/ optimize blood pressure control. 5. Emergehcy/ Acute Care
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* Mobile App Rating Scale: A New Tool for Assessing
the Quality of Health Mobile Apps

Criterion category Frequency, (%)
N=349

App classification, confidentiality, security, registration, 12 34

community, affiliation

Aesthetics, graphics, layout, visual appeal 52 (14.8)

Engagement, entertainment, customization, interactivity, 66 (18.9)

fit to target group, etc

Functionality, performance, navigation, gestural design, = 90 (25.8)

ease of use

Information, quality, quantity, visual information, 113 (324)

credibility, goals, description

Subjective quality, worth recommending, stimulates 16 (4.6)
repeat use, overall satisfaction rating
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 The US Food and Drug Administration (FDA) has
paid close attention to mHealth apps, because it has
regulatory authority over their safety.

* The agency recently clarified that mHealth apps
acting as medical devices or as accessories to
medical devices will require FDA approval, whereas
apps that provide users with the ability to log life
events, retrieve medical content, or communicate
with clinicians or health centers will not be regulated
under its jurisdiction.

US Department of Health and Human Services, Food and Drug
Administration. Mobile Medical Applications: Guidance for Industry and
Food and Drug Administration Staff.
http.://www.fda.qov/downloads/MedicalDevices/
DeviceRequlationandGuidance/GuidanceDocuments/UCM263366.pdf.
September 25, 2013. Accessed January 3, 2014.
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« Resource for cataloging, categorizing and grading
mHealth evidence

— Peer-reviewed and grey literature on mHealth activities in developed and
developing countries

— Curated
— Classified using a harmonized taxonomy
— Scored based on objective criteria
— Easily filtered and searchable
+ Facilitate the identification of evidence-based, high-impact mHealth practices

« Launched by Johns Hopkins University via the federally
funded Knowledge for Health project (5 years, $40
million)

« Partners

— Center for Communication Programs (JHU-CCP)
— WHO mHealth Technical & Evidence Review Group (nTERG)/JHU Global

mHealth Initiative (Gml) |
tnHealth Evidencé® A
i KéHealth
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My Health apps ﬁ)

BED-80
my health apps

It has been launched by patient research firm PatientView in partnership

with GSK, Janssen, Novo Nordisk and telecoms companies 02/Telefonica Europe
and Vodafone Foundation.

307 apps, which have been selected by 456 patient groups, disability groups or

Browse by Category
i xd 04 () G K o «
ES) 3% ¢ : O
Bones and Breathing Cancer Carers Diabetes Heart, HIV Kidneys Me and My Medical Medication
Muscles and Lungs Circulation Doctor Research
and Blood

.
Mental Nervous Older Sexual Skin Staying Stomach, Travelling Support for Other
Health System and people Health Healthy Bowel and Senses, Long-term
Brain Continence Mobility Conditions
and
Learning
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European Directory of
Health Apps 2012-2013

A review by patient groups
and empowered consumers
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PatientView's European Directory of
Health Apps 2012-2013 contains
mobile apps across 62 health
specialities and features apps in 32
different European languages.
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WHO mHealth Technical Evidence ENaPH”
Review Group

* Guidelines for reporting of health interventions
using mobile phones: mobile health (mHealth)
evidence reporting and assessment (mERA)
checklist

 BMJ 2016; 352 doi: http://dx.doi.org/10.1136/
bmj.i1174 (Published 17 March 2016) Cite this as:
BMJ 2016;352:i11174
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Table 1

mHealth evidence reporting and assessment (mnERA) guidelines, including mHealth essential criteria

Criteria Item Notes

no
Infrastructure 1 Clearly presents the availability of infrastructure to support technology operations in the study location. This refers
(population level) to physical infrastructure such as electricity, access to power, connectivity etc. in the local context. Reporting X%

network coverage rate in the country is insufficient if the study is not being conducted at the country level

Technology 2 Describes and provides justification for the technology architecture. This includes a description of software and
platform hardware and details of any modifications made to publicly available software
Interoperability/Health3  Describes how mHealth intervention can integrate into existing health information systems. Refers to whether the
information systems potential of technical and structural integration into existing HIS or programme has been described irrespective of
(HIS) context whether such integration has been achieved by the existing system

Intervention delivery 4  The delivery of the mHealth intervention is clearly described. This should include frequency of mobile
communication, mode of delivery of intervention (that is, SMS, face to face, interactive voice response), timing and
duration over which delivery occurred

Intervention content 5  Details of the content of the intervention are described. Source and any modifications of the intervention content is

described
Usability/content 6 Describe formative research and/or content and/or usability testing with target group(s) clearly identified, as
testing appropriate
User feedback 7  Describes user feedback about the intervention or user satisfaction with the intervention. User feedback could

include user opinions about content or user interface, their perceptions about usability, access, connectivity, etc
Access of individual 8  Mentions barriers or facilitators to the adoption of the intervention among study participants. Relates to individual-

participants level structural, economic and social barriers or facilitators to access such as affordability, and other factors that may
limit a user’s ability to adopt the intervention
Cost assessment 9  Presents basic costs assessment of the mHealth intervention from varying perspectives. This criterion broadly refers

to the reporting of some cost considerations for the mHealth intervention in lieu of a full economic analysis. If a
formal economic evaluation has been undertaken, it should be mentioned with appropriate references. Separate
reporting criterion are available to guide economic reporting

Adoption inputs/ 10 Describes how people are informed about the programme including training, if relevant. Includes description of
programme entry promotional activities and/or training required to implement the mHealth solution among the user population of
interest
Limitations for 11  Clearly presents mHealth solution limitations for delivery at scale
delivery at scale
Contextual 12 Describes the adaptation, or not, of the solution to a different language, different population or context. Any tailoring
adaptability or modification of the intervention that resulted from pilot testing/usability assessment is described
Replicability 13 Detailed intervention to support replicability. Clearly presents the source code/screenshots/ flowcharts of the
algorithms or examples of messages to support replicability of the mHealth solution in another setting
Data security 14 Describes the data security procedures/ confidentiality protocols
Compliance with 15 Mechanism used to assure that content or other guidance/information provided by the intervention is in alignment
national guidelines or with existing national/regulatory guidelines and is described
regulatory statutes
Fidelity of the 16 Was the intervention delivered as planned? Describe the strategies employed to assess the fidelity of the intervention.
intervention This may include assessment of participant engagement, use of backend data to track message delivery and other .. ..
I technoloygical challenges in the dg,liver)l? of ﬂlegin%ewention ® i h & Partici patory Medicine




Creating and prescribing personalized apps ENap(?

Environmental and
Participatory Health Informatics
RESEARCH GROUP

The leading discovery and distribution
platform for mobile health technologies.

Today, an increasing number of patients are AppScript™ is a simple and effective mobile
asking healthcare professionals about mobile  health tool that lets you recommend apps,
health. With over 100,000 mobile health apps connected devices and content to improve

and devices in the marketplace, recommending patient engagement, satisfaction and outcomes.
the best solution can be overwhelming.

Discover 1) Prescribe

Manage

+ Find the newest and best * Make your own mHealth formulary Send formalized app, device and content
apps tailored for your recommendations to your patients
patients

+ Use the AppScript Score
to ensure that each app is
a fit for your practice and
patient.

AppScript Score IRl
With its proprietary algorithm,
IMS Health has tested, rated
and awarded a unique
AppScript Score to over
100,000 mobile health apps.
For every patient and every
need, you can recommend the
best resources with ease and

+ Customize each communication to reflect
your institutions brand and experience

* Manage your users from a small practice
to a large institution, Appscript can be
customized to meet your needs.

confidence.
RATING AVERAGES ARE WEIGHTED TO P N
CREATE OUR APPSCRIPT SCORES & B
1 Track -
) Dashboard ~ mssweecneus [rre -
* See who Upe"'Ed their Logins & Prescriptions App Activity Summary

specialized AppScript
prescription

« Send follow up messages
to track patient satisfaction
and usage

[ 100

SCORE

« Securely connect with users
via surveys

ta oo & 8 [re—

W Professional M Endorsement
M Patient W Developer
M Functional W Clinical

imshealth
APPSCRIPT

mHealth delivered.
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Cornell

DB \v |
smartphone HeaIthKlt Google Fit S Health
Apps for v 0
researchers ResearchKit Study Kit ii:iirm

(Baseline)

Apps for e E

consumers ) OHMAGE-omh
CareKit
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Software ENaPH{

Environmental and
Participatory Health Informatics
RRRRRRRRRRRRR

* ResearchKit (Apple) and ResearchStack
(Android) are open source frameworks for
researchers to inform and consent patients, and
to collect personal health data from participants
in trials.

e ResearchKit/ResearchStack have out-of-the box
functionality for patient consent, surveys for
Patient Reported Outcomes and collecting
health data from sensors in the phone or
devices connected to the phone.
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Data collection
SQSs
(wearables,

mobile sensors,
Quantified Self)
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Collecting individual genome data ENaPI.-%)

Environmen tal and
Participatory Health Informatics
RRRRRRRRRRRRR

« Human Genome Project

DNA Sequencer — designed to
sequence the entire human
genome in a day for $1,000

DTC genomics — 23andMe,
$100

Microbiome R

Benchtop lon Proton™
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Measuring the phenome (physiology, ...) ENaPI.-%)

Environmen tal and
Participatory Health Informatics
RESEARCH GROUTP

 EiPod [iphone Civad
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Measuring the Exposome (environmental risk) E NaPI-%)

Environmental an
Participatory Health Informatics
RRRRRRRRRRRRR

 Compilation of exposures experienced over an
individual’s lifetime (Christopher Wild, 2005)

* |ndustrial chemicals, combustion emissions, radiation,

response to stress, physical activity levels — heat/cold,
noise, food, microbiome

* Evaluating Personal Exposures
* Phones: Light meters, GPS, Accelerometer
* Senspod Monitor (Ozone, carbon monoxide, CO2,
NO, Noise and UV)

* Petroleum derived hydrocarbons (Benzene,
Toluene)

@ Weill Cornell Medicine 79
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Quantified Self: The concept

| [ = JM 1o “-:‘DV_FU::{

ook o SECpersonal-science £ Quantified-self
participatory-health mohilesensors people-as-sensors

medicine per Sona|-genomic s-=Monicoring
health >

feedbac
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Quantified Self: The community

@ Pew Internet I T

Pew Internet & American Life Project

a project of the
CALIFORNIA

PCWRCbGEU'Ch( :(_.‘I‘Il(_,‘l' HEALTHCARE

FOUNDATION

JANUARY 28, 2013

Tracking for Health

69% of U.S. adults track a health indicator like weight, diet, exercise
routine, or symptom. Of those, half track “in their heads,” one-third keep
notes on paper, and one in five use technology to keep tabs on their health
status.
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New market ENaPHi

Participatory Health Informatics
RESEARCH GROUP

By 2018, 81.7 million users will own a wearable fitness device, according to eMarketer.

Wearable Device Market Size Forecast
$14,000

$12,000

$10,000

BI INTELLIGENCE

$8,000

(Millions)

$6,000

$4,000

$2,000

2010 2011 2012 2013 2014 2015 2016 2017 2018

Source: Bl Intelligence estimates, ABI Research, IMS, Juniper, *Assumes 423 average selling price for wearable devices
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The Quantified Self community

* Quantified Self is a collaboration of users and tool
makers who share an interest in self knowledge through
self-tracking.

* We exchange information about our personal projects,
the tools we use, tips we've gleaned, lessons we've
learned. We blog, meet face to face, and collaborate
online. There are three main “branches” to our work.

— The Quantified Self blog and community site.
— Show and Tell meetings (Meetup groups) - Melbourne
— Quantified Self Conferences (US and Europe)

* Groups 228, Members 67,719, Cities 122, Countries 38

WEill COrnell Med|Cine 83 BDC4CM - mHealth & Participatory Medicine



0,
ENaPH1

Environmen tal and
Participatory Health Informatics
RRRRRRRRRRRRR

WEi“ COI‘ne“ MEdiCine 84 BDC4CM - mHealth & Participatory Medicine



O,
Motivation ENaPI-ﬁ

Environmen tal and
Participatory Health Informatics
RESEARCH GROUP

* You can't improve what you can't
measure P. Drucker...

» Using mobile and wearable digital
devices to collect data on one's body
function and everyday activities

« Self tracking through technology to
improve health and medical conditions

« To reveal patterns and correlations
that can help you improve your life

Weill Cornell Medicine 85 BDCACM - mHealth & Participatory Medicine



S
The IBES SELF-OMICS Project  EN-PHT

Environmental an
Participatory Health Informatics
RRRRRRRRRRRRR

« Addressing the information and communication needs of the
‘quantified individual’ for enabling participatory and
personalised medicine

 Funded by IBES (Institute for a Broadband Enabled Society)
- 2012-2013

» Resources:

http://www.broadband.unimelb.edu.au/health/monitoring/selfomics.html
http://www.scoop.it/t/selfomics
http://pinterest.com/hbir/self-omics-self-monitoring-quantified-self-omics/

Weill Cornell Medicine 86 BDC4CM - mHealth & Participatory Medicine



QS Lab O,

@) Weill Cornell 87 BDC4CM - mHealth & Participatory Medicine



How to find the best SQS... Buingguides 11

« Wellocracy.com
« Wareable.com
« vandrico.com/wearables/

THE WEARABLES DATABASE

Powered by Deloitte

Vandrico | Deloitte

Y sl Easywakeup | Azumio Sieep Time

Price

eeeeeeeeeeee

GPS runmng watches

$4.99
App
v
X
v
v
X
X

Onbed

oooooooooooooooo
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Samsung Welt ENaPH

Fnuvirnnmantal and

And other 437 devices from 304 companies
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® Grab File Edit Capture Window Help RN YA ES 2 4 @ (=009 Wed 9:46PM Q
DEVICES_INVENTORYBACKUP.xIsx
A Home Layout Tables Charts SmartArt Formulas Data Review
A B C D E F G H I J
1 SELF QUANTIFICATION DEVICES
: CLASSIFICATION MANUFACTURER DESCRIPTION MODEL |ORDER DATE DEDL%ERY AMOUNT PRIZE($) TOTAL PRIZE(S)
3 Fitbit Zip Wireless Activity Tracker Fitbit Zip 6/09/13 6/09/13 1 69.95 69.95
s o Al charcoal-
p Fitbit Zip Clip FB1502C-CL 2/08/13 23/08//2013 1 10.95 10.95
Fitbit One Wireless Activity and Sleep
(TrackerSteps taken, calories burned, distance Burgundy-
AL travelled and hours of sleep) FB103BY 20813 12108113 ! i iz
5
Fitbit Flex Wireless Activity Wristband FB401SL 2008113 12/08/13 1 119.95 119.95
6 (Activity and sleep)
JAWBONE Jawbone Up Jawbone Up 18/08/13 18/08/13 1 130 130
7
Physical activity ) ’ ", )
MISFIT Misfit Shine Activity Tracker Shine 6/09/13 16/09/13 1 144.95 144,95
8
LUMO BODYTECH Lumoback Posture Lg’::lz?:k 610913 13100113 1 1879 187.9
9
Bodybledia FIT + Ambend Display (Dist, | 3100734 2108113 23/08//2013 1 219 219
exercise and sleep efficiency)
10
11 BODYMEDIA BodyMedia FIT Large Armband Strap BS100628 2/08/13 12/08/13 1 2495 2495
12 BodyMedia FIT Wearable Display BS100735 2/08/13 12/08/13 1 129 129
BodyMedia FIT Display Wristband BS100179 2/08/13 12/08/13 1 2495 2495
13
14 FITBIT Fitbit Aria Wi-Fi Smart Scale FB201B 8/02/13 23/08//2013 1 147 147
Scales and weight Withings WS-50 Smart Body Analyzer
15 WITHINGS !Virel @ 2388072 8/02/13 12/08/13 1 199.95 199.95
Zeo Mobile Sleep Management System
16 ZEO (Weight, Body fat, Heart Rale, Alr Qualiy) ZEOMBL1 8/02/13 23/08//2013 1 149 149
17 Sleep GEAR4 Renew SleepClock GEA4 8/02113 12/08/13 1 149 149
el SleepTracker SleepTracker 6/09/13 9/09/13 1 195.9 195.9
18 SOLUTIONS
19 Biochemical SANOFI DIABETES IBGstar (Blood glucose level) 1BGstar 6/09/13 10/09/13 1 99 99
iHealth Wireless Blood Pressure Monitor
2 IHEALTH Upper Arm Cuff (Blood pressure) ZRYBPS 8/02/13 12/08/13 1 149 149
21 Blood pressure and iHealth Wireless Pulse Oximeter ZRYPO3 8/02/13 12/08/13 1 79.95 79.95
Beurer Upper Arm Digital Blood Pressure
Cardiovascular health
2 BEURER Monitor BM58 8/02/13 12/08/13 1 149 149
23 Beurer Mobile ECG Device ME8O 8/02/13 12/08/13 1 399 399
24 TINKE Tinke Heart Rate Monitor 4/4S 8/02/13 12/08/13 1 129 129
25 | TOTAL 3087.35

Hoja1-Tablal, +

Melbo... alias

S—
melbourne UniMelb alias

/



Comparison of five self-monitoring devices that measure physical activity

S

3]
FITBIT FLEX JAWBONE UP NIKE FUELBAND
FITBIT ZIP FITBIT ONE
(Activity + Sleep (Activity + Sleep (Activity
Wristband) (Activity tracker) Activity + Sleep tracker) Wristband) Wristband)
STEPS Yes Yes Yes Yes Yes
CALORIES
BURNED Yes Yes Yes Yes Yes
DISTANCE
TRAVELLED Yes Yes Yes Yes Yes
ACTIVE MINUTES Yes No No Yes Fuel activity
SPEED No No No Yes No
FLOORS CLIMBED No No Yes (it has an altimeter) No No
SLEEP TIME Yes No Yes Yes No
NUMBER OF TIMES
AWOKEN Yes No Yes Yes No
TIME SPENT IN DEEP
VS.LIGHT SLEEP | N° NG o b i
QUALITY OF SLEEP | Yes No Yes Yes No
Silent alarm. It vibrates the
band up to 30 minutes
TO WAKE SILENTLY | Silent alarm No Silent alarm ahead of your designated | \,
waking up time if it senses
you are sleeping lightly
around that time
Yes. UP will wake you up at
the optimal time (around
POWER NAP No No No 26.5 minutes) after you fall No
asleep
CLOCK No Yes Yes No Yes
There's an LCD (liquid | There's an OLED (organic light-
crystal display) that emitting diode) display. Push button 20 LEDs
5 LEDs that shows the data when control: Each push cycles through Dual LEDs: it has a button Push the single
DISPLAY represent step you touch it: steps, one of six modes: steps, distance, | to put the band into various | button on the band
progress for the distance, calories calories burned, Floors climbed, modes. No data readouts and you can see:
day burned, smiley and Flower (grows and shrinks based on band itself steeps, calories,
clock. The screen is on your recent gctivity)and Clock. time and fuel
not backlit The screen is backlit
MOOD No No No Yes Yes
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Wirelessly with a

dongle plugged
into your Wirelessly with a o Bluetooth with a
HOW TQ_SYNG THE | computer PC and | dongle pluggedinto | Wirelessly with a dongle plugged izsg pg’ifh:r'“ I(l}’°”m°a?t do | emartphone app
DEVICE WITH A select your computer PC and | into your computer PC and select dire cytly into ;’oug%sgs port (iI0S-exclusive).
COMPUTER OR smartphones. select smartphones. smartphones. Bluetooth 4.0. (within or using the USB cable an& Syncs are a little
PHONE Bluetooth 4.0. Bluetooth 4.0. (within, about 20 feet of the wireless sync dock provided with your less tempting than
(within about 20 about 20 feet of the dongle) FuelBand) with the Jawbone
feet of the wireless sync dongle) UP or Ejtbit Flex
wireless sync
dongle)
Windows i
) ; Windows
XP/Vista/7/8, Mac | Windows XP/Vista/7/8, ) ; )
PC & MAC OSX105and | MacOSX105and | tundows XPVIStal7i8, Mac OS X |y yoegnt work with XPIVistal7/8, Mac

REQUIREMENTS

up, USB port and
Internet
connection

up, USB port and
Internet connection

10.5 and up, USB port and Internet
connection

personal computers

0S X 10.5 and up,
USB port and
Internet connection

COMPATIBLE MOBILE
PHONES

Last phones with
either jQS-iPad,

iPhone or iPod-or
high-end Android

Phone 485, 5,iPad 3,
Retina.iPad mini, iPod
touch, 5th generation,
Samsung Galaxy

S4, Samsung Galaxy S

iPhone 45, 5,iPad 3, Retina, IPad
mini, iPod touch, 5th generation,
Samsung Galaxy S4,Samsung
Galaxy S 1ll, Samsung Galaxy Note

iPhone and iPod: QS 5.1
or greater and Android 4.0
(lce Cream sandwich) or
later

Only with jQS 5.0+

Samsung 2012 IIl, Samsung Galaxy
and 2013 Note Il, Samsung Il, Samsung Galaxy Note 10.1
Galaxy Note 10.1
K:?}aizn\g:zlmat Sl tlongle that Extra dongle that interface !—: Elggssp(:’i::wy e
CHARGING THE USB (a interface with USB (a Extra dongle that interface with with USB !(;a 3.5 mM-to- because it's a
DEVICE roprieta proprietary docking USB (a proprietary docking port) USB convert e}) loose fit and lacks
zocl!)(ing ;:grt) port) the external USB

structure

2) Weill Cornell Medicine
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Sedentary Lightly Active Fairly Active Very Active Athletic
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White Paper

SQS

l-jea!th Health
objectives outcome

User

SQ plan ¥ Division of
— - - .
and rules Health actions
community

Activity Theory
+

Patient Activation

PEx Increasing
efficacy

’- IBES
SR '.. iy Institute for a
witsourne - @ C# Broadband-Enabled Society

Self-Quantification

The Informatics of Personal Data Management
for Health and Fitness

GPS
S =00 Time Apps
Pressure

lifelogging Medicine ©
Microbiome thty —
Life-logging o = auto- analytlcssharmg

(4]
S
Quantified- seIf.*:Sen%Sar"sag?%'lﬁfRﬁfﬁﬁzi

Computer ££__sousveillance 8

. Food -
piet” Kk healthExposome SPergonal-science <
Months P E Parthlpatorv hLaIth Slcep £
Commumcatlorh_ BIOOd 2w
MOUdStre’;S"’ s ody- hacklngq_ 22 self- quantlflcatlon L"E
fat Workout @ BESeIf-Quantlf' cation 2
Dlabetestportm Personal-informatics 2

=

o Feedback Devices i
~  Personal D'Sta"CC-DWearable HealthCycle
Calories Exercise 2

S Hours SUgar
=

t‘:

Wel
informatlo
Personalised-medic

www.broadband.unimelb.edu.au

Self- |mprovement




Classification of self-quantification systemiE I-%)

Primary
Quantified-self Systems

Environmen tal and

Quantified-self Systems ]

Secondary
Quantified-self Systems

Mobile Primary Fixed Primary Software-based Hardware-based
Quantified-self Systems Quantified-self Systems Secondary QS System | | Secondary QS System
BodyTrack Digifit
Wikilife

i

In-contact Mobile Primary | | On-body Mobile Primary Environmental Fixed QS Touchless Fixed QS
Quantified-self Systems | | Quantified-self Systems Systems Systems

Sensaris Senspod

1

Standalone (" standalone QS Systems )
- QS Systems Zeo Bedside Sleep Manager
i Fitbit tracker
L Actipressure )
Smartphone p 3
—{ QS Systems || Smartphone QS Systems
- L Moodpanda )
p

. Hybrid QS Systems
] Hyb”_ng:tSVStems] Zeo Sleep Manager Pro
et | Fitbit (with smartphone app)

L 23andMe

@ Weill Cornell Medicine E

Capture data directly from the user

(Primary or Secondary)

Sensor Location (Mobile or Fixed)

IIonvcclal\)/e skin pricking (In-contact or On-
oay

Data type gEnvironmentaI or Touchless)

Location of data integration (Software-

based or Hardware-based integration)

Location of data

visualisation(Standalone, etc.)



(CIassification of Data and Activities

Body structures and Body actions/activities | Around body
functions
Mental functions Learning and applying Relationships and attitudes
knowledge
5 Sensory functions Communication Products or substances for personal
consumption
3 Sensation of pain Mobility Products and technology for use
4 Voice and speech Self-care Natural environment and human-made
functions changes to environment
5 Cardiovascular system Domestic life
6 Haematological system Interpersonal
interactions
7 Immunological system Education
8 Respiratory system Work and employment
9 Digestive system Economic life
10 | Metabolic system Recreation and leisure
11 | Endocrine system Religion and spirituality
12 | Genitourinary functions
13 | Reproductive functions
14 | Body structures
15 | Skeletal system
16 | Muscular system
17 | Nervous system
18 | Skin
19 | Hair
20 | Nails
21 Genome (DNA, RNA and
genes)
22 | Microbes




Minimum Information about a @)
ENaPHT{

Environmen tal and

Self Monitoring Experiment (MISME)

How?
Who/Which part/ EXPERIMENT
Name
Model

Where/When?
Body part Manufacturer
(FMA)
Sample Device Technical
Time Specs
Location Taxonomy
Measurement
What
Body structure
Body function Method
Around body .
(based on WHO) Where is
Raw it stored
Data
Procedures
Processed
Units

BDC4CM - mHealth & Participatory Medicine
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Data integration methods ENLPHT

Environmental and
Participatory Health Informatics
RCH GROUTP

iBGStar
Glucose Meter

integrated with
iPhone

Aortic stenosis ; \ ) A - 3 .
= FitBit
| Y

Zeo sleep monitor

Your main sieep patiern ] asieep || active
% B tam 2m am e
10:49PM Shrs 41min rs 45min
View all your sleeps on t
Individual lysi
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Terminology ENaPHi
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« Self-quantification, converting manually or automatically the
collected data into numbers or categories.

« Self-monitoring, on the other hand, is more like watching a
specific health factor to ensure keeping it at a satisfactory
level and this requires regular medical interventions such as
monitoring blood glucose.

« Self-tracking or life-logging can be described as continuous
recording of one or more health factors for future use.

* For example, keeping diaries is a form of self-tracking while
turning these unstructured data into numbers and categories
Is self-quantification.

« Self-tracking and self-quantification together could be
described as self-monitoring.
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The Power of Healthcare Data

I The Body as a Source
_— y
of Big Data
y data storage is essential for healthcare providers to see a patient’s complete story of care, make the
i ed decisi

« QS as an interface to the Human
Body

e How much information?

« Requirements for exchange,
storage and processing of data

* People-as-sensors
« Making the personal public
* The transparent body

 From population surveillance to
iIndividual surveillance

Infography:
Institute for Health Technology Transformation

@ Weill Cornell Medicine 100



How much information ENaPHi

Environmental and
Participatory Health Informatics
RESEARCH GROUTP

CR (computer radiography) 30 MB
DR (direct radiography) 54 MB
Computer Tomography (CT) - 32 MB
Multi-Slice CT - 630 MB

Magnetic Resonance 21 MB

. rRNAEdits
='T] Heteroalielic SNVs
,

Pratein-Downregulated
"2 ot (HRV vs Heamhy)

“i Protein-Upregulated
(HRV vs Healty)

Angio 15 MB R
"‘ ; ."'". \'\‘s - % . g . " . ; v"-:._'!‘_'::'?' al SV-DupIi‘canons
o o X X &, Y b E VT sv.peletions
The project "Experimental Man" reports ' %%m&:: = ,@x %f * am owieogan
that one man has been collecting information i SUSTE =7 -
. . “ . o ".1' e T
about his exposure to toxins and B

has generated +100GB of data
(only toxins)

Individual genome data:: from 20MB to 30 TB

3 Billion data points were collected along 20 time
points during 14 months.

150 million data points per analysis.

Microbioma (gut) 35GB

: «
e R

e Aoy o Asai 06101007 00 .
“BUUALIVI - MHeaiin & rarucipatory Medicine
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[ 4

http://www.bbc.com/earth/story/the-making-of-me-and-you#/results/top
Weill Cornell

102
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Data storage
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Open mHealth ENaPH?
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* Free, open-source code that makes it easy for
developers to standardize, store, integrate,
share, process and visualize mobile health data

— Simple extensible and clinically valid schemas
— RESTful API

« Conforms to schemas

» Authorizes access using Oauth 2.0

— Open-source adapters linked to the APls of large
providers (e.g., RunKeeper, Fitbit, Google, Apple)
— Library of visualization examples
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Open mHealth

HL7 Bridge
EHR

Data Point
Native data provider API Client Data storage

€« J ){ &—>

I
Shimmer

Third party cloud services

Granola

) Weill Cornell Medicine 105
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Front end
and visualizations

Data
Processor

1 mMHealth
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Infinome — open science ENaPHi
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RESEARCH GROUP

m a®
\\} A\l Connect a tracker: o X | Connect with 23andMe

infinome Fitbit ~ Jawbone Withings

Beddit

#TRUTH

The obesity problem is killing most of us.

7 IN 10 AMERICANS WEIGH TOO MUCH
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BB D A
= o a’a

Organize your digital research assets Get credit for your research Collaborate
Create a free Synapse Project to store your research Mint a DOI for your work - and describe exactly what Share your Project with your collaborators, or make
data, code, and results. you did using Synapse provenance. it Public!

NEW TO SYNAPSE? REGISTER NOW _
Sage Bionetworks @Sagebio

Proud to announce @DR_E_A_M digital

Enter email address mammaography challenge, part of our commitment to

the #CancerMoonshot #CanServe

synapse.org/#!Synapse:syn4...

HELP

Synapse Tutorial Programmatic Clients

Synapse is an open source software Synapse is designed to easily integrate into your current work. That's why we've created the following clients so that you can interact with
platform that data scientists can use all of Synapse's functionality programmatically. Create projects, upload & download files, generate provenance, query, create wikis and

to carry out, track, and communicate more all from the comfort of your own code.

thei hi | time. , ) .
eirresearch in reat time Don't see your language of choice here? Check out our full REST APl documentation

This tutorial steps you through how to
create your irst Project, store your @ R client @ Python client @ Command line <, Java client
research data, share with your € =
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Data aggregation and
integration
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All-in-one platforms for digital health  EnNaPHi

Environmental and
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e WebMD - Healthy Target —
* Philips Salesforce PHILIPS **‘(‘yf’fce/f
e Samsung —S.A.M.l ARTIK cloud -

* Apple — HealthKit
 Google — Google Fit 4
* Microsoft HealthVault

O!C
e Qualcomm Life — 2net
e Validic
 Open Humans @ Human API

* Human API

Philips and salesfor a global strategic ollia

'V'VALIDIC

Google Fit

g WebMD
€o _©2net
v by Qualcomm Life :

HealthKit HealthVault
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Shimmer (Cornell Tech) ENaPH

SFARCH GROUP

Integrations

Shimmer supports some of the best-in-breed apps and devices. To see the next set of tools we'll
be supporting, check it out on Github.

@ 9

Runkeeper

Fitbit Google Fit

UP

o JAWBONI

UP by Jawbone

Withings

Misfit

BDC4CM - mHealth & Participatory Medicine
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https://artik.cloud/works-with
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WOLFRAM

CONNECTED DEVICES PROJECT

Home Browse About Contact us Suggest a device to add Q

[ _
Curating the devices
of the Internet of Things %
o = |

-

§

& Connect to the Wolfram Data Drop Making data from the Internet of Things computable »

@ Browse by measured quantities » @ Browse by recently added » mm

. JF
S

http://devices.wolfram.com
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0 W e

' GARMIN *"!

Q : P . . #fitbit |

B w0 V

Wthlngs m gc VALIDIC
ﬁ ®.eoovueom

80

Named “de facto” standard
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Ynggll')‘illvee ta):; Your backend
Human API
platform
Health apps Medical records Devices Lab results
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« eClinicalWorks Announces Integration Between
Wearable Devices and healow Platform

 Fitbit, iHealth, Jawbone and Withings

eClinicalWorks

‘Improving Healthcare Together”

https://www.eclinicalworks.com/pr-eclinicalworks-announces-integration-between-wearable-devices-and-healow-platform/
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Apple to add support for HL7 Continuity ENap|.‘|"
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of Care Documents to iOS 10 pricpatoryHenl oot

 iOS 10 will be available this fall.

* “Bloomfield (Duke): “It will enable any app to create
and share a CCD with HealthKit, and another app
can read that by using HealthKit.”

« S0 a doctor can create a CCD, let her patients have
that, and patients, in turn, can share that document
with other caregivers and clinicians.

« Apple has not made an official announcement yet.
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EHR integration with HealthKit ENaPH”
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e 2014 - Ochsner Health System in Louisiana

« 2015 - Deaconess Health System in Indiana integrates
Fitbit into EHR portal

« 2015 - Duke is using HealthKit to get patient-generated
data into the EHR.

e 2015 - Cerner with Validic

« 2015 - EPIC MyChart at Cornell Medicine has full
HealthKit functionality
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Medical apps that integrate into diverse EHR systems at the point of care.
« Open standards for healthcare data, authorization, and Ul integration.

« Harvard Medical School and Boston Children’s Hospital

«  SMART Reference Platform, - custom set of data models and a corresponding
RESTful APLI.

« In 2014, FHIR® arrived: Fast Health Interoperability Resources.
 FHIR is open healthcare data standard from HL?Y.
« Like SMART, FHIR provides for RESTful access to clean, granular data.

* FHIR specifically represents granular clinical concepts as a set of resources that may
be addressed individually or in aggregate.

« SMART on FHIR
«  SMART on FHIR, will provide a complete open standards-based technology stack.

« With SMART on FHIR, developers can integrate a vast array of clinical data with
ease.
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C3-PRO Team Github C Tracker

The Consent, Contact and

Community framework for Patient
C3-PRO Reported Outcomes

A set of FHIR® compliant research software tools for
ResearchKit and ResearchStack

o &~ &

What is C3-PRO? For Developers Modules!

http://c3-pro.org
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e P S S SRy RO | L Ny B O )|

. . |
iIOS Research App Web Hosting (AWS) : In-House

!
[
r ) '
. - !
ep e I

Did your physician | a * /A

aar o s . j
condition? |
’ /

° ?_h : C3-PRO Consumer
\ y / /, a :
!
C3-PRO ,
Mobile '
Frameworks Resources SQS Queue :

! i2b2 FHIR Cell
|
|
!
[
!
[
!
0 '
!
!
|

FHIR Questionnarie :.=£ .
FHIR Contract C3-PRO Receiver Server 2 i2b2
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Personal Data Dashboard

o @ B8 @
~ BE @
App
Sleep Suvey - . . .
PD Study  Web \ Symptom Survey . -

Participant
) Time

e Bridge Server captures
Server longitudinal mobile health data
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OHMAGE-omh (Cornell Tech) ENaPHi

Downloadable Applications

(J
.
Mobility-omh PAM-omh
Continuous passive measurement
uouS Passiv o Visual tool for affect/mood self-report

for activity and location

fitbit

Third Party Applications

commercial applications such as Moves or
Fitbit integrated through Open mHealth shims

ohmage-mobile

Platform for distributing data collection
surveys and acquiring survey responses

) Weill Cornell Medicine 122
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Admin Dashboard

retrieve data from authorized participants of
their studies

User Management Data Visualization

Data Retrieval
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From information to

123

knowledge
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Data access
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15000 steps 0 floors

10000 steps 0 floors
5000 steps 0 floors
0 steps s L 0 floors
Jul1 Dec1 May 1 Oct 1 Mar 1 Aug 1 Jan1 Jun 1 Nov 1
Sum of Activity
4000000 steps 1 floors
m Floors
W Steps
3000000 steps 0 floc
0 floors
2000000 steps -{
0 floors
1000000 steps
0 floors
0 steps - L0 floors
Jul1 Dec 1 Oct 1 Mar 1 Aug 1 Jan 1 Jun1 Nov 1
Body Measurements
BMI per Day
38.00 BMI
m Bady Mass Index
36.00 BMI
34.00 BMI
32.00 BMI
30.00 BMI
28.00 BMI
Jul1 Nov 1 r1 Jul1 Nov Mar 1 Jul1 Nov 1 Jul1 Nov 1
Sleep Measurements
Sleep per Day (Mean sleep/day: 86 minutes)
1000 minutes 200 times awoken
W # awaken
800 minutes. = Minutes asleep
150 time @ Mifiates awake
600 minutes
100 times awoken
400 minutes
i ke
200 minutes 50 times awoken
0 minutes -} + 0 times awoken
Jul t1 Mar 1 Aug 1 Jan 1 Jun1 Nov 1
Sum of Sleep
100000 min (asleep) 2500 min (falling asleep)

W minutes asleep
80000 min (asleep) - 2000 min (/M minutes-falling asleep
60000 min (asleep) | 1500 min (falling asleep)
40000 min (asleep) - 1000 min (falling asleep)
20000 min (asleep) | 500 min (falling asleep)
0 min (asleep) - 0 min (falling asleep)

https://opensnp.org/fitbit/
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* First six months of data from the app. mPower, a
Parkinson's-focused app, one of the first five Apple
ResearchKit studies

« Of the 12,000 mPower study participants, about
9,500 participants chose to share their data with all
researchers.

 mPower stands for "mobile Parkinson’s observatory
for worldwide, evidence-based research”.

« The mPower app aims to help users track their
symptoms using activities including a memory game,
finger tapping, speaking, and walking. The app will
also collect data from wearable devices
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mPower

Provenance
v v
6B 6B

Tapping Activity Memory Activity
V. V.

y y \
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\ \
E EEH

@) Weill Cornell Medicine

PDQ8 Survey Demographics S MDS-UPDRS Voice Activity Walking Act
v .- Sufvey ! !
v.1 A

FIGURE

GENERATION

ﬂ Brian Bot ..

2016-01-07\18:09:42
7N
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control (n=748)
0.5-

0.4 -
0.3-

0.2-

parkinson (n=150)

0.3-

0.2-

0.1 -

0.0- — — — ——

| |
0 50 100 150
Days on app
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Data analysis
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« Comparative usage—how your consumption of a resource (for example,
calories) compares with others in similar situations

« Understanding patterns and reasons for variation—developing statistical
models that explain variation

» Predictive asset maintenance—using sensor data to detect potential
problems in machinery (or your body) before they actually occur

» Optimization—using sensor data and analysis to optimize a process, as
when a lumber mill optimizes the automated cutting of a log, or a poultry
processor automates the preparation of a chicken, or when is the healthiest
time to go to sleep or when in your sleep cycle to wake up

* Prescription—employing sensor and other types of data to tell the user
what to do, as when an activity tracker nudges you to get off the couch or

sit up straight

- Situational awareness—piecing together seemingly disconnected events
and relating them to a larger repository of data to put together an
explanation, as when a series of readings from activity trackers, glucose
monitors, connected scales, and other devices tells you that you are in
danger of contracting diabetes

http://dupress.com/articles/internet-of-things-wearable-technology/
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smartphone data

go to journal home ¥ ARTICLES PREPRINTS More ~

NOT PEER-REVIEWED

"Peerd Preprints" is a venue for early communication or feedback before peer review. Data may be preliminary.

Learn more about preprints or browse peer-reviewed articles instead.

A framework for smartpnone-enabled,
patient-generated health data analysis

Evidence Based Medicine Translational Medicine Science and Medical Education Human-Computer Interaction

Computational Science

Shreya S Gollamudi, Eric J Topol 123, Nathan E Wineinger ™

March 30, 2016

BDC4CM - mHealth & Participatory Medicine

@ Weill Cornell Medicine 131




Analyzing and interpreting I
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smart P hone data St

« 38 individuals, 6290 blood pressure readings over a 11-month trial

« Withings BP monitor, iphone app, HealthyCircles account and app.
Qualcomm Life Health HealthyCircles server.

» Hypothesis testing framework for unstructured time series data.
* Mixed model approach using autoregressive models

o Multiple n-of-1 (analysis of individual data)

o Combination of all individuals data
« 2mmHg decrease in both systolic and diastolic

« Sequential analysis approach allowed them to observ results three
months prior to the official study end.
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100,007 0] 1005108 Athletics World )

200.00 19.2| 10.4166667 Iq’{
400.00 43.2| 9.25925926 ReCO rdS EEI\mI*, i
800.00 101| 7.92079208 I
1000.00 132| 757575758

1500.00 206| 7.2815534

1609.00 223| 7.21524664

2000.00 285| 7.01754386

3000.00 440| 681818182 Usain Bolt speed km/h

5000.00 757| 6.60501982 |

10000.00 1577 | 6.34115409

15000.00 2473| 6.06550748 | 3

20000.00 3386 5.90667454

21095.00 3503| 6.02198116 | 30

25000.00 4345 575373993 x

30000.00 5207| 576147494 | Mutai

|, 42195.00. 7380) 571747967 MW et o

" 2
R?=0.94645 ——Power (speed km/h)

15

10
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y = 58.988x0-104
R?=1

1985

y = 146.39x°0-248
R*=0.75158

==1986
w1987
1938
1989
=O=1990

—1991

—1998
1999
—m2000
==2001
2002
2003
—_—2004

2005
—2006

2007

2008
2009
2010
2011

—— Power ()

—— power (ideal) |

5000 10000 15000

IF distance=6km and time=25.30 (speed=14km/h)

THEN 42.195km = 4h 10m
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* More than 80 races completed, including 12
Marathons and 21 Half-Marathons

 No injuries

* No competitive goal or performance improvement

» Decision making tool (whether to run or not to
prevent damage and ensure having a good time —
less than 5 hours)
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THE CONVERSATION “™°"

Fernando Martin-Sanchez

Director, Health and Biomedical Informatics Centre (HaBIC), University of
Melbourne

Articles

How can big data go the distance for runners (and the
rest of us)?

Fernando Martin-Sanchez, University of Melbourne

The number of Australians running or jogging has almost doubled since 2005-06
and - with the rise of smartphones - running and fitness app development has
also exploded. So how many of these runners have...

137
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EMORY | news center

CONTACT US

Emory study focuses on heart Con
health of AJC Peachtree Road 234

jenn

Race runners

Woodruff Health Sciences Center | June 26, 2015
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Data visualization
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Jawbone and Bay Area Earthquake  ENaPH;
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Sept 2014 gt o

100%
NAPA, SONOMA,

SAN FRANCISCO, VALLEJO,
OAKLAND, BERKELEY
o 0% SANTA ROSA
X
(©
3
v 60% SACRAMENTO,
T SAN JOSE
©
()
2
o 40%
D
— MODESTO,
5% SANTA CRUZ .
X — 0-25 mi
20% — 25-50 mi
— 50-75 mi
— 75-100 mi
0%
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https://jawbone.com/blog/napa-earthquake-effect-on-sleep/
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headsuphealth- | Dashboarc My Data Analyzer File Profile (Connect Data) @ Dave Korsunsky -

Weight (Withings) « Ja = Body Fat (Withings) i Heart Rate (Withings) « i
Average: 192.9 pounds 05/14/15, 07:11 AM 05/14/15, 07:11 AM
1915 1921 1922 1951 1936 .’
o ie2s e Goal 55 opm
e 1903
Sleep (Misfit) «h Steps (Misfit) ~ = Calories (Misfit) . o =
Average: 7.7 hours Average: 12286 steps 06/03/15
o @ 20k-
%0 , 0 »
10k
o k-
L ' S un Mon ue Wee ] 1
Wed
Meditation Time (Manual) 1 = Total Cholesterol i = Blood Pressure (Manual) . i =
06/03/15, 06:54 AM Average: 202.0 mg/dL 04/25/15, 09:13 AM
177 209 218 228 178 1 24/83
vl Goal 120/80 mmHg
= 178.0
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My Common Breakfasts and Snacks Dominate M Food Log Data!
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BMJ Open 2016;6:€010579 doi:10.1136/bmjopen-2015-010579

Health informatics

EHDViz: clinical dashboard development using
open-source technologies

Marcus: A Badgeley1’2, Khader Shameer’+, Benjamin S Glicksberg1’2, Max S Tomlinson'2,

Matthew A Levin2’3, Patrick J McCormick3, Andrew Kasarskisz, David L Reich3, \/\/\/R
Joel T Dudley 24
= @

Povet o

Fitbit Data i
* s

= @
Personal !

- @
o E e M A NS A
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From knowledge to
application

(relevant initiatives)

Health eHeart study, Google Baseline, 100K Wellness Project, Precision Medicine Initiative,
Health Data Exploration and Network, mPower study, Open Humans, N-of-1 (single subject)

studies, BD2K Centers of Excellence (emobilize, MD2K)

BDC4CM - mHealth & Participatory Medicine
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Clinical Benefits

The JAMA Network Journals> Specialties & Topics Store Physician Jobs About Mobile

'AMA The Journal of the
American Medical Association

Home Current Issue All Issues Online First Specialties & Topics CME  Multim

November 21, 2007, Vol 298, No. 19 >

< Previous Article Next Article >

Review | November 21, 2007

CLINICIAN'S CORNER

Using Pedometers to Increase Physical Activity and
Improve Health

A Systematic Review [LEd

Dena M. Bravata, MD, MS; Crystal Smith-Spangler, MD; Vandana Sundaram, MPH; Allison L. Gienger, BA; Nancy
Lin, ScD; Robyn Lewis, MA; Christopher D. Stave, MLS; Ingram Olkin, PhD; John R. Sirard, PhD

[+] Author Affiliations

AC American CoLLEGE OF [‘m‘slcuss‘
JAMA. 2007;298(19):2296-2304. doi:10.1001/jama.2¢ LS s

Annals of Internal Medicine

ESTABLISHED IN 1927 BY THE AMERICAN COLLEGE OF PHYSICIANS

Home  Currentissue Allissues Online First Collections

6 August 2013, Vol 159, No. 3>

&4 Email 2\ Share [ GetCitation ™| Figures Slideset (.ppt)

Reviews 6 August2013
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THE ANNALS OF
THORACIC SURGERY

Official Journal of The Society of Thoracic Surgeons
and the Southern Thoracic Surgical Association

Articles & Issues v  Collections v CME v For Authors v Journalinfo v Subscribe  Society v More Periodical

) Advanced Search

Search for in [ All Fields

« Previous The Annals of Thoracic Surgery Next »

Volume 96, Issue 3 , Pages 1057-1061, September 2013

Functional Recovery in the Elderly After Major Surgery:
Assessment of Mobility Recovery Using Wireless Technology

David J. Cook, MDA, Jeffrey E. Thompson, MHA, Sharon K. Prinsen, RN, Joseph A. Dearani, MD, Claude Deschamps, MD
Accepted 21 May 2013
m Full Text PDF Images References

Purpose

Hnenitalizatinn and enrnant in nldar natiante often leads to a loss of strength, mobility, and functional capacity. We tested the
be used to measure mobility during hospital recovery after cardiac surgery.

:asure daily mobility in patients after surgery. Data were transmitted wirelessly,
iewable dashboard.

)gery was easy and practical. There was a significant relationship between the

inthe Clinic  JournalClub CME ¥ri¥} length of stay, and dismissal disposition.

“% POF

Self-Measured Blood Pressure Monitoring in the
Management of Hypertension: A Systematic Review and Meta-

analysis

Katrin Uhlig, MD, MS; Kamal Patel, MPH, MBA; Stanley Ip, MD; Georgios D. Kitsios, MD, MS, PhD; and Ethan M.
Balk, MD, MPH

T Avtinla and Authar Infarmatinn
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Science Advances...

Home News Journals Topics Careers

Science Science Advances  Science Immunology ~ Science Robotics  Science Signaling ~ Science Translational Medicine

SHARE RESEARCH ARTICLE SLEEP RESEARCH

o A global quantification of “normal” sleep
schedules using smartphone data

o Olivia J. Walch!, Amy Cochran! and Daniel B. Forger:>"
+ Author Affiliations
@ «"Corresponding author. Email: forger@umich.edu
Science Advances 06 May 2016:

Vol. 2, no. 5, €1501705
DOI: 10.1126/sciadv.1501705
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ENTRAIN app
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With iOS 10, iPhone users can become ENaPI.-%)

organ donors via Health app gt
When iOS 10 is released, the Apple |
Health app will include a new feature,
Matthew Allen
allowing iPhone users across the
United States to become organ, eye, o c
and/or tissue donors with just a few ;O..°.°f°' "
taps.
éegistereé '.mtf; D;xw;':'tc Life America
& ¥
<~
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Health Heart Home  Study  Community

Join the study to end
heart disease.

Be a part of an ambitious study to end heart disease. It only
takes a few minutes to make a big difference. Anyone can
join — whether you have heart disease or not.

Join the Study

2 7 American
Brought to you by l%: in collaboration with 0 Hoert
Jag! e is why
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THE WALL STREET JOURNAL. -

Home World U.S. Politics Economy Business Tech Markets Opinion Arts Life Real Estate

@& Hunt for
Pokémon Has Led to
Painful Discoveries

@ Social Media
Wrestles With

’ 1 KEYWORDS

] | & Startups Tryto @ '\
Policing Violent Live Spread Outside of F
Video Silicon Valley 1”4 &

TECH

Google’s New Moonshot Project: the Human
Body

Baseline Study to Try to Create Picture From the Project's Findings
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100K Wellness Projec

AN EXAMINED LIFE

The longitudinal study collected data at daily and three-month
intervals, and allowed personalized interventions -- such as
changes in diet -- as the study proceeded.

BRAIN O
What's measured:
Sleep patterns
4 Frequency: Daily
Method: Wrist sensor
)
H J
HEART O .............................
Pulse, physical-activity level ™" ‘ E
4 Daily

Wrist sensor

LIVER, LUNGS, BRAIN
& HEART
100 proteins to track
organ health
4 Every three months
Blood sample

COLON
Microbiome ecology
<4 Every three months
Stool sample

Institute for

Systems Biology

Revolutionizing Science. Enhancing Life.

LYMPHATIC SYSTEM
Immune-cell activity

<4 Every three months
Blood sample

INSULIN SENSITIVITY
Blood glucose

4 Every three months
Blood sample

CHROMOSOMES
Whole-genome sequence
4 Atenrollment
Blood sensor
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Human Longevity, Inc. Launches the Health Nucleus, a
Comprehensive and Personalized Health Platform for
Individuals

(SAN DIEGO, CA) OCTOBER 13, 2015 — Human Longevity, Inc. (HLI), the genomics-based, technology-driven company working to revolutionize
the practice of medicine, announced today the launch of the company’s first Health Nucleus™, a genomic powered clinical research project that
has the potential to transform healthcare. The inaugural Health Nucleus is located in San Diego, CA, at HLI's headquarters facility. More Health
Nucleus facilities are slated to open in 2016 in other US and International cities.

The Health Nucleus platform uses whole genome sequence analysis, advanced clinical imaging and innovative machine learning — combined with
a comprehensive curation of personal health history — to deliver the most complete picture of individual health.

The Health Nucleus provides a novel approach devoted to exploring, quantifying and beginning to understand as much as possible about
individual health and disease risk. Supported by the world’s largest genome sequencing center and the leading experts in translating genomics
data into clinically relevant information, this platform embodies HLI’s philosophies and ideas on how individuals can better understand their health.
It is the first center to combine genomics with a complete array of other clinical and biological measures, including:

» Whole human genome sequencing, spanning all 6 billion base pairs of DNA (most DNA tests examine less than 2% of the full genetic code);

» Microbiome sequencing which quantifies the collective genomes of the microorganisms that live inside and on the human body (it is estimated
that there are 10 times more microbial cells than human cells in our bodies);

» Metabolome characterization which enables us to measure the unique chemical fingerprints that cellular processes leave behind;
» Acomprehensive body MRI scan to screen for any abnormalities and provide a baseline for the future;

» Customized laboratory tests and screenings.

Weill Cornell Medicine 152 BDC4CM - mHealth & Participatory Medicine



Precision Medicine Initiative ENaPH1

Environmen tal and
Participatory Health Informatics
RRRRRRRRRRRRR

* Precision medicine is an approach to disease treatment and
prevention that seeks to maximize effectiveness by taking into
account individual variability in genes, environment, and lifestyle.
Precision medicine seeks to redefine our understanding of disease
onset and progression, treatment response, and health outcomes
through the more precise measurement of molecular, environmental,
and behavioral factors that contribute to health and disease. This
understanding will lead to more accurate diagnoses, more rational
disease prevention strategies, better treatment selection, and the
development of novel therapies.

« Coincident with advancing the science of medicine is a changing
culture of medical practice and medical research that engages
individuals as active partners — not just as patients or research
subjects. We believe the combination of a highly engaged population
and rich biological, health, behavioral, and environmental data will
usher in a new and more effective era of American healthcare.
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Why now? ENaPH

Now - 2014
Ten Years Ago
(most recent data)
Cost of '
human genome

Amount of Time to

Sequence a Human 2 years <1 day
Genome

Number of smart phones - 0 . 0
i the United States 1 million (<2%) 160 million (58%)
EHR Adoption 20-30% >90%

% hospitals)

. nx16
Computing Power n .
Deep Learning
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NIH awards $120M to Scripps, others, to enroll 350K |.q®
participants in Precision Medicine Initiative via mobile apps ENaPHI
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« Scripps Research Institute, Vibrent Health,
PatientsLikeMe, Sage Bionetworks, and
Walgreens will help build apps and enroll
participants

. The National Institutes of Health announced a number of partners today who will receive a total of $55
million in grant money for 2016 to build the foundational structures of the White House's Precision Medicine
Initiative (PMI). The PMI Cohort Program includes five companies that make up the
Participant Technologies Center, which will be responsible for creating mobile apps to enroll, consent,
collect data from and communicate with PMI Cohort Program participants.

. In addition to Scripps and Vibrent, NIH has designated several sub-awardees which will share the $20
million award and work together on the Participant Technologies Center. Cambridge, Massachusetts-based
online patient community platform PatientsLikeMe, Seattle-based Sage Bionetworks, which is best known
for its work on Apple's ResearchKit, and Walgreens. According to its own statement, Walgreens will allow
its customers to enroll in the program at its stores, at Walgreens Healthcare Clinics, online through
Walgreens.com and through the Walgreens mobile app.

. Sage Bionetworks, meanwhile, "will be responsible for the patient consent and data governance related to
the PMI Cohort Program’s software products, as well as the community outreach and participant

engagement efforts of the Participant Technologies Center", Sage said in a statement. They'll also develop
new ways of monitoring health factors using smartphones and wearable devices.
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INDIVIDUALS
DATA

. 15

COMPANIES

PATA TRANSFER AGREEMENT

PERSONAL HEALTH DATA FOR THE PUBLIC GOOD -

A California Institute for Telecommunications and Information Technology project with support from the Robert Wood
Johnson Foundation
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Project of PersonalGenomes.org funded by Knight Foundation and the
Robert Wood Johnson Foundation

« Objectives
o Break down data silos in human health and research

o Public data sharing
— Connect individuals willing to share data about themselves

w@@@@

Harvard Withings mPower Wild Life of Our

Personal Homes
Genome Project

\\\\V//

20

RunKeeper Jawbone Fitbit uBiome

llumina Q
TS Roevsin \_ )
o C =
lllumina 23andMe Data selfie GoViral AncestryDNA Moves American Gut
Understand

Your Genome
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N-of-1 studies

* https://
www.theguardian.c

om/science/2016/
jul/03/citizen-
science-how-
internet-changing-
amateur-research?
CMP=share btn fb
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SUBMISSION DEADLINE
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High quality, original
manuscripts will be subject
to a rigorous peer review
process.
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the submission guidelines of
Methods of Information in
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Quantified Self

CALL FOR PAPERS

N-OF-1

METHODS OF INFORMATION IN MEDICINE
FOCUS THEME: SINGLE SUBJECT RESEARCH DESIGN AND DATA PROCESSING

Scientific progress in medicine and public health during the last century has been dominated by studies
performed with groups of people. Today, thanks in part to advances in computing and information technology,
many people collect data to help investigate a health problem, make progress towards a goal, or simply
because we are curious. Such investigations need not be conducted on groups. Often, they involve just a single
person who is both the subject and the investigator. They are “N-of-1” trials, where data are generated by the
individual, normally making use of self-quantification systems, including mobile apps and portable monitoring
devices. This focus theme of “Methods of Information in Medicine” on single subject research encourages
submission of original articles describing data processing and research methods using a “N-of-1” design

where the questions and analysis are guided by the interests and participation of the subject. We encourage
submissions that focus on challenges and questions involving data collection, processing, integration, analysis
and visualization in the context of single subject research.

AREAS OF FOCUS MAY INCLUDE, BUT ARE NOT LIMITED TO:

Personal health and well-being * Chronic disease management * Mental health * Autonomous self-
experimentation in the context of health and well-being * Health education and autodidactic learning * Privacy,
ethics and regulation issues

Methods
(Single Subject Research Design,
N-of-1 trials, patient led
research, single case
experiments, self-
experimentation, applicable
informatics & statistics)

.

Information (
Health and Wellbeing,
(Pan:r;t‘:eun;"n;::':eakh e.g. chronic disease
quantification systems, IOt Mld
.g. mobile apps, :edai(h, healthier living,
Quantified Self devices) R

ethics)

EXAMPLE METHODS AND TECHNOLOGIES THAT ARE RELEVANT INCLUDE, BUT ARE NOT LIMITED TO:

IT infrastructures for Single-Subject-Research trials * Aggregating data from multiple sensors * Ontologies and
knowledge representation * Integrating N-of-1 data with other clinical information systems (health records,
decision support) * Data analysis and visualization * Data quality, metadata and annotation aspects

WE ENCOURAGE SUBMISSIONS IN THE FORM OF:

« Original contributions of individual or a series of N-of-1 trials.

« Original contributions with Single Subject Research Design, Single Case Experimental Design or Patient
Led Research Design
Original contributions on methodological aspects of informatics and statistics applied to N-of-1 trials.
Reviews in the field of Single Subject Research Design and data processing of patient generated data
Perspective and opinion papers
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Massachusetts General Hospital (MGH) in Boston.

To keep track of health behaviors important for people with type 2 diabetes,
such as physical activity, diet, and taking your medicines

" Build Healthy Behaviors |

A new kind of app that helps you manage your
type 2 diabetes while contributing to research
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Research studies: mPower

SAGE

BioNetworks

mPower:  Mobile Parkinson Disease Study

—
[ —| About this Study

% How this Study Works

[~'] who is Eligiole to Participate

O,
ENaPHi
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Who is Running this Study

Download the
mobile app

The mobile app will help
you log your symptoms.

Give consent to
enroll

Understand the risks and
benefits of participating.

Read the consent form.

Perform simple
tasks

We'll ask you to do a few
tasks and answer some
questions about your
health.

Track your health

You can use the health
dashboard to track your
health data.

Scientists make
discoveries

Scientists will use your
data to make
breakthroughs in medical
research and treatments.

Weill Cornell Medicine
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/A .
h i -
MyHaart Counts
QO Make your heart count!
Welcome to
royHeart Counts What keeps your heart its healthiest? Help us find out.
New version of MyHeart Counts App now available for download at the App Store
‘ - ,
o = /
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« Mind, Body and Wellness after breast cancer is a
clinical study that aims to understand the symptoms
after breast cancer treatment, why these symptoms
vary over time, and what can be done to improve

them.
« SAGE Bionetworks
« Dana Farber Cancer Institue
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OHSU Dermatology

Map.
Measure.
Monitor Monthly.

’ Download on the

S App Store

Using your iPhone camera, Mole Mapper tracks moles and how they change
and grow over time. Rapid change or growth may indicate malignancy. Mole
Mapper also reminds you to re-check your moles regularly. By sharing mole
images over time, researchers can develop new ways of evaluating moles and
may (at some point in the future) be able to tell whether you need to see a
doctor or have a mole removed based upon a cell phone picture.
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* http://mobihealthnews.com/47611/apple-researchkit-is-a-
pipeline-for-future-diagnostic-medical-apps/

* Duke — Autism and Beyond — Recording children
reactions to videos

» Johns Hopkins — EpiWatch — Seizure detector
« USC - Biogram 2— Biometrics and personal/social
« uBiome — Microbiome and weight management

* U Nebraska Med Center — Hand in Hand — HIV-
neurocognitive disorders

« Boston Children’s — C Tracker. Chronic Hep C - PROs
* Yale — Cardiomyopathy Index —
« UCSF - PRIDE - LGBTQ sexuality and health

« Over 100,000 participants
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mHeaIth2016

2016 mHealth Training Institute
August 8-12, 2016
University of California, Los Angeles

ffor Computatlohél ;
Medlcime i

Immersive blended learning with mHealth thought leaders

Faculty Program Venue Vault

|| Health Data
0888¢ Exploration project

HDE SUMMER INSTITUTE 2016

July 10-16, 2016, Calit2, UCSD, San Diego, CA
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The Future
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* Problem with apps: Delivery and Discoverability
« Solutions:

— App linking (apps automatically linked to content)

— App indexing (apps through search queries)

“l don’t want to maintain a walled garden of apps. | want to consume and create

content.”

— App streaming from Google: you tap a link to the content and Google will
stream the right parts of the app to you on-demand.

— On-demand resources from Apple (ODR): technology released with iOS 9 that
downloads a small core application only on installation, and then downloads
extra parts and content as needed

Cloud or App Store

Required Java

—% IIl @ SJ applets on
: E On-demand & & mObiIe?

i E resources % h g

__________________

https://medium.com/fwd-thoughts/the-future-is-without-apps-ddf43ec52aab#.127sqwf61
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Biomedical Informatics

Biomedical \
. Informatics

L~ Public Health
Informatics

Individual Medical
Informatics

Tissue, organ Medical imaging

Cell Systems Biology
& Bioinformatics

New sources of data

& knowledge:

* Continuous
collection of data
from personal
sensors

* Epigenomics

* Microbiomics

+ Different
genomes in the
body

* Nanomedicine

A i

> Nanoinformatics

Environment

@ Weill Cornell Medicine

Phenome

Biomedical
Information
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Need of informatics

methods and

technologies:

* Bigdata

+ Visualisation

+ Ontologies

* Privacy
protection

* Interfacing with
Sensors

*+ Systems analysis

Exposome

Martin-Sanchez et al, JAMIA 2015
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data for a learning healthcare system =+

/CIinics & HospitaD
Pharmacies
NIH, CMS
EHR Vendors
EMS
Insurers

\ Urgent Care  /

Medical
System

Health &

Wellness

Health Care

Societal
Support

fommunity Servic&

Public Health

Healthclubs
Schools

Gyms & Pools

Health Apps

\ Social Media )

JASON, MITRE Corp. November 2014. Data for individual health. Agency for Healthcare Research and Quality.
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New jobs?

“People pay me to put steps on their Fitbits.”

& Participatory Medicine
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« Understand the concept and importance of Participatory Health and
PGHD

» Identify opportunities for biomedical and clinical research using
participatory technologies

» Discern the quality of mobile apps
* Find the most appropriate wearable sensor for your project
* Understand how information flows from sensors to information systems

» ldentify methods for aggregating and integrating data from multiple
sensors

« Understand methods to analyze and visualize participatory health data
« Learn from the most relevant initiatives in this area

» Appreciate challenges for biomedical informatics research and
education derived from the use of digital health technologies and
participatory health
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