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What is mHealth?

“mHealth (or mobile health) is the use
of mobile or wireless devices to improve
health outcomes, healthcare services
and health research.”

-NIH Consensus group
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mHealth: Enabling the Re-
Engineering of Healthcare

1. Technology progress, in perspective.

. Where can mHealth make a
difference?

. The changing landscape of healthcare.

4. Challenges to adoption.
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1. Technology progress, in perspective.



ASCI Red

 World’s fastest super-computer
in 1996 — 1.8 teraflops/sec
(1.8 trillion operations /sec)

~ » S$55 million to develop.

 Occupied 1,600 square feet of
floor space.

* Used 800 KW/hr (~800 homes)

e 2006-1.8
teraflops/ sec

« S$500

* 200 watts

e 64 million units sold
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May, 1997
IBM’s Deep Blue
beat World Chess
Champion Garry
Kasparov.

Stockfish Chess View More by This Developer

By Tord Romstad
Open iTunes to buy and download apps.

Description

Strong free chess program

Features:

Tord Romstad Web Site Stockfish Chess Support + More

What's New in Version 2.7.0

OTE: Unfortunately, there's an annoying bug in this version. Every game you look at in the nifty new game preview

rade somewhat, until you exit and restart the program. A new version that

Screenshots iPhone | iPad

Carrier ¥ 11:28 PM - Carrier ¥

or later. Compatible witl
iPhone, iPad, and iPod touch
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Next up for
Watson, L.B.M.’s
clever question-

answering

computer? A
stint as a medical
student at the
Cleveland Clinic
Lerner College of
Medicine of Case
Western Reserve

University.

Wat B.M.'s quest MNSWer 'l puter

The collaboration, announced on Tuesday, includes a bit of controlled
crowdsourcing, with the Cleveland clinicians and medical school students
answering Watson’s questions and correcting its mistakes.

Watson is now “...the
size of three pizza
boxes stacked up. It's
also 24 times faster
and has seen a 2,400
percent improvement
in performance.”
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Global Device Penetration Per Capita

25%

In the US, 91% of adults own a
mobile phone, with the

= |majority of them (61%) being

15%

Installed Base Ot Devices As A % Of Global Population

]
7 smartphones.
5%
3% o — @
Daily Distribution of Screen Minutes Acros i o
0%
;:::;‘f::: 132 “3”7 . ‘” 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013E

China 161 70 ~+-PC -*Smartphones —Tablets

Brazil 146 149
Vietnam 4 ‘ - | Source: Bll estimates, Gartner, IDC, Strategy Analytics, company filings, World Bank 2013

- 484 43
LI

mEA

Thailand : 95

. S e 194 minutes a day looking at

Couch ' smartphone or tablet screen.
147 looking at TV, 103 at

laptop or PC.

Argentina
UK

Kenya
Australia
Spain
Turkey
Mexico
India
Poland
South Korea
Gormany
Canada
Slovakia
Hungary
Japan
France
Italy

Screen Minutes 0 100 200 300 400 500 m Scripps Translational
KPCB, 2014 Q_ Science Institute

5TV
= Laptop + PC
« Smartphone

a Tablet http://www.nydailynews.com/news/world/ch

eck-contrasting-pics-st-peter-square-article-
1.1288700#ixzz2ePFO9300
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Projected Worldwide Growth in
Mobile & Smartphones

Subscriptions/lines (billion)

o 9.2 BILLION

6 mobile subscriptions

; by the end of 2019

7

6

4

a

2

1 oy Mobile subscriptions Fixed broadband
Illll'llIIIIII.-III--‘-...' subscriptions

0 Mobile broadband &g MMobile PCe, tablets

5010 2011 2042 2043 2044 2016 2016 2017 2048 2040 subscriptions and mabile router
subscriptions
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A Historical (and Present Day) Look at Our Tools for
:nt’c Office Visit

fw '+ Sphygmomanometer
T invented 1881.

* Popularized by Harvey
Cushing 1901

 Willem Einthoven 1901.

* Precordial leads
introduced 1944

1 cT
x Jars

€
i3

Physical Exam/Auscultation =

‘, “You're

like part of
the family,

* Laénnec 1816.

* Binaural stethoscope
1851

~ Doctor!”

House Calls -

In 1930’s ~40% of all patient
encounters were in their home.
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http://www.antiquemed.com/binauralstethoscopeimg/camm_1852.jpg

mHealth: Enabling the Re-
Engineering of Healthcare

2. Where can mHealth make a
difference?



Eye
Glucose-sensing lens
Digital fundoscope

Smartphone visual-acuity tracking

Automated refractive error

Noninvasive intraocular pressure

Ear
Smart hearing aids
Digital otoscope

Lung

Home spirometry

Pulse oximetry

Inhaler use

Breath-based diagnostics
Breathing sounds
Environmental exposure

Blood
Continuous glucose
Transdermal Hb

Pathogens (genomics-based)
PoC blood tests

Skin

Temperature

Gross lesions

Pressure sensor (wound care)
Sweat chemistry

Cutaneous blood flow

Other sensors and monitors
Pill-box and -bottle

Posture

Body position

Activity

Sleep

Bladder and urine

Comprehensive urinalysis
STDs (genomic detection)
Diaper-based sensors

Science Trans Med April 15, 2015

Brain and emotion

Wireless mobile EEG

Seizure

Autonomic nervous activity
Head-impact sensor

Intracranial pressure (noninvasive)
Stress recognition (voice, respiration)

Heart and vascular
Continuous BP tracking
Handheld ECG

Heart rhythm

Cardiac output

Stroke volume
Thoracic impedance (fluid)

Gastrointestinal

Endoscopic imaging
Esophageal pH
Medication compliance
Fecal blood or bilirubin
Gut electrical activity

Chewing

Watching over one’s heaith
Pulse

BP

Temperature
Activity
Hydration

Sleep stages
Seizure
Respiration rate
O, saturation
Blood CO,

Blood glucose
ECG (single-lead)
Cardiac output

J Stroke volume

Stress:
Heart-rate variability
Electrodermal activity
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The Near Future of Wearable Sensor Data

1. Activity

11. Temperature
12. Hydration
13. Glucose (?)

qﬂ@ Scripps Translational
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Measures:

* Heart rate
* Respiration rate
* Body temperature

* Movement.

Algorithms interpreting sleep
cycles closely match analysis

done at sleep laboratories.
F‘““ Scripps Translational
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Predicted Growth in Wearables

Global Connected Wearable Devices Traffic
Global Connected Wearables Traffic will Grow 18-Fold from 2014-2019

78% CAGR "014—2019
300 10 0%

9.0%

8.0%

7.0%

250

200

Month 6.0% 9 Embedded
Tr;fzr: (py3> 150 5.0% Cellular
L
4.0% Traffic
100 3 0%
1.0%
o ke I 3 0.0%

2014 2015 2016 2017 2018 2019

Source: Compass Intelligence, 2015


http://www.wearable-technologies.com/2014/02/wearable-technologies-news-roundup-january/

Gartner's 2014 Hype Cycle for All
Emerging Technologies

expectations Internet of Things
Natural-Language Question Answering
Soeshn Spesc Tl ONIe oo toces
onomous Vehicles
Cryptocurrencies
SmanAadvsors Complex-EventProcessing
Data Science O Big Data
Prescriptive Anaiytics O In-Memory Database Management Systems
Neurobusiness —4 o ContentAnalytics
Biochips

O Hybrid Cloud Computing
Gamification
Augmented Reality

Machine-to-Machine
Communication

Affective Computing
SmartRobots

3D Bioprinting Systems

Volumetric and Holographic Displays
Software-Defined Anything

Quantum Computing

Human Augmentation
Brain-Computer Interface

Connected Home

Speech Recognition
Consumer Telematics

Quantified Self N Streame
Cloud Computing !

NFC Gesture Control

Virtual Reality

Virtual Personal Assistants SmantWorkspace

Digital Se_curity
BioacousticSensing A
As of July 2014
Peak of
Innovation 0 Plateau of
Trigger &mns Uistliusionmen Slope of Enlightenment Productivity
time >
Plateau will be reached in: obsolete

Olessthan 2years ©2to5years @5to10years A morethan 10years @ before plateau
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Rl  News About Advertise  Research
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Permanente Medical Group CEO: Video, big data
are the future. Wearables, not so much.

By: Jonah Comstock | Oct 29,2015 W Tweet 74 [Flamd 12 |[ share 15

Tags: big data | Kaiser Permanente | Partners Connected Health Symposium | Partners Connected Health
Symposium 2015 | Partners Healthcare | video visits | wearables |

Doctors, technologists, and entrepreneurs have a lot
of different visions of the future of medicine, and
they don’t always line up. Dr. Robert Pearl,

. . Zapatilla Azul
the Executive Director and CEO of The Permanente vingston Pullai
Medical Group, part of Kaiser Permanente, thinks $1,089

some digital health offerings — like video visits —
will revolutionize medicine. Others — like health
monitoring wearables — are going nowhere, he told
the crowd at Partners HealthCare Connected Health
Symposium.

Dr. Ezeki  “| don’t think very many of us want to have a
o thousand continuous traces of the patient’s heart

wlhiidtlhima mmd tlan Jact imlaca tiia wsimmd e e flmanida slaa
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Cicnce Lnstitute




There Remain Huge Gaps in People-

Centered Care Availability
Online survey of 5,014 US adults

Access to Interactions with Primary Care

Online submission of questions answered by a medical
professional

11%

Email reminders about taking medications and/or other
health measurements

Text reminders about taking medications and/or taking
other health measurements

The ability to submit photos of a condition or symptom
to receive phone or email consultation

Video visits (telemedicing)

Scripps Translational
Science Institute

Nielsen’s Strategic Health Perspectives June 2015 http://goo.gl/POgZYI 7d @M
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Acute Diagnostics, When and
Where They are Needed

More than a million people are searching on Google for
information on ear infection at 4:30 a.m. every morning

Ryan Olohan, Industry Director, Healthcare. Google Inc.
October 2015
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The Stethoscope as a Relic of
the Past

_ Auscultation skills in 860
| providers:
Trainees thru Faculty

Sensitivity | Specificity

Systolic 84% 35%

Diastolic 49% 67%

Vukanovic-Criley JM. Arch Intern Med. 2006;166(6):610-616 @ Scripps Translational
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GldyargenraiVPRagearaibMavle
to 20 Leadifpr®isiapiétors (2010)

1. One of everv 3 adults in America has high BP.1

High blood pressure
Tobacco smoking, including second-hand smoke ]
Alcohol use |
Household air pollution from solid fuels i
Diet low in fruits |
High body-mass index i
High fasting plasma glucose ]
Childhood underweight-
Ambient particulate matter pollution ]
Physical inactivity and low physical activity ]
Diet high in sodium ]
Diet low in nuts and seeds |
Iron deficiency ]
Suboptimal breastfeeding i
High total cholesterol ]
Diet low in whole grains_
Diet low in vegetables i
Diet low in seafood omega-3 fatty acids |
Drug use:

Occupational risk factors for injuries

I .

i

i

i | l
i
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[
N

I
-0.5 0 2 4

T |

g“\,.—
O

Disability-adjusted life-years (%)

L. IVIIVIVVR. IVIOIRDIUILY Ulid rrorwdlity weekily report £uil,ou\4).1uU5-1U0.

. 2. Heidenreich PA. Circulation 2011;123(8):933-944. BN Scrivos Toandational
Lim 35. hastihat Wb aRRoA? RcdiddPeare Survey: 2010 Summary Tables. 7 o PPs cransariona
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oMIN,
SN

Improved Blood Pressure Control with
Self-Monitoring and Self-Treatment

Blood Prassaure, man Hg
Basellne & Month 12 Month
NO. of Wi NO. of Wan No. of Mean Mfierenkce”
Patients [95% CIp? Patlents [95% CIP Fatlants [95% CIP & Mont 12 Month
Systolic Blood Pressure Complete Cxse
Usial care 730 1436 J25¢ 1381 730 1378
(141.9-145.4) (136.0-140.3) (135.4-140.3) 61 97
Interventon 20 1431 215 1318 20 1782 (25-93) | (57-127)
(141.4-144.9) (120.6-134.1) (125.9-130.4)
Diastolic Edpod FIEEHIE{MH.HE{EE
Usial care 730 795 125" 172 730 76.3
(78.3-B.E) (75.9-78.5) {75.0-T7.6) 10 14
ItErvention 220 BOLS 215 753 20 718 (L4-47) (LE-5.1)
(79.2-ELE) (74.0-76.6) (T2.6-75.0)

/\"ﬂ“'ll Scripps Translational
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Simplified and Connected HTN Management

ssesc ATAT 7 134 PM £ .
¢ RESULTS ..
MVESTHGATIOMAL LISE OMLY

January 27, 2015
9:07 P

BLOOD PRESSURE
125,?9 |n|"|"|H:_;

sysfdia

HEART RATE

50 bpm

[EMPERATURE

97.2

Dut of Range

Sp02

100

eeeeC ATAT = 1:27 PM
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Healthcare Team

Aprd 2014 May 2014
v Washburn, -~ &4 MOV IVDERNERNTENNNDIRNZIXTAIDIVOQDHUERT P
87%

& Carl PR BEEEEEEd

Ld o
Tripi, « ‘A:’;)Z"?'“I' T0ME N rannruupa.wunnnuw;uw"?:o:‘fD PhVSlClan, nurse’
David v GIDOE EUREENTECEEEREETANTE 0 . ...
o, e pharmacist, dietician,
Once dady at 7.00am

physical therapist, IT...

Once casty at 12 00pm

97%
Aprid 2004 May 2014
150 g capucie 4d ROV N RDRNERTBDDADDRZEXTAIVDOQVRERT P
7% SRS

3 Apri 2004 May 2004
- Stewart, d BBV INIMNERYSENIRDRBEXTAIVORDNGEEN P
Brett Clcscoasessssclsauanclicauas sashl

April 2014 May 2014

Stoneham, 4d BBV ITONBERTINDIDINZIXTAIDOQDNEED P

Alex

a 00%
Aprd 2004 May 2004
- a Guymon, Q 4d OV NDRENUBSBIDADDRBEXBIADVDOQBNENT P
97%

Michael 69 & & 55 £ G 6 [ = 65 U3 G 6 O i 1 S 05 0 5 85 0 U0 3 )
April 2014 May 2014

Kopelman d ARV NUTRNERTENNIRDIREXRTABNOQRTBREGEEN P

o 95% 65 5 0 O 5 0 65 06 R B 6 G W 6 G )

Personalized Predictive Analytics

Automated Clinical Decision Support
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Patient Watchlist
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Vital Signs: Patient 3
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mHealth: Enabling the Re-
Engineering of Healthcare

3. The changing landscape of healthcare.



Separating the Wheat from the
Chaff When There is Mostly Chaff

Number of Health Related Apps Now >165,000
* 100% increase in

Disease & Treatment Man ent Other Wellness Management -
Il H=althcare Pmulders:::mnce [ ] I Fitness t h e n u m be r Of los
I Medication Reminders & Info I Lifestyle & Stress a p ps ove r Ia St 2

I Women's Health & Pregnancy I Diet & Nutrition

Disease Specific

years

e Only 0.02% (36) of
all apps account for
50% of downloads.

* Only 2% provide
connectivity with
provider healthcare
systems.

2%

ource: Mewwy, June 2015; IM5 Health, AppScript, June 2015; IMS Institute for Healthcare Informatics, August 2015

= Scripps Translational
“Patient Adoption of mHealth” IMS Institute for Healthcare Informatics. Sept 2015 Science Institute



Estimated Total Downloads of
mHealth Apps (billions)

. ®
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Online Consumer Survey of
395 Respondents

« 26% of apps are downloaded and used only once.

 Of the people who confirm using their apps, 74%
drop out by the 10th use.

° Also showed Would you be more likely to use an app that can analyze
the information you're logging and give you
that 26% Of feedback as to how you're doing?
smartphone |
. Mg 2013
dapps retain
consumer e o e
loyalty.
0 £Q 100 150 200 250 200 2850

Consumer Health Information Crop. http://www.consumer-health.com/motivating-

. . le Scripps Translational
patients-to-use-smartphone-health-apps/ April 21, 2011 &
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Digital Snake Oll

ULTIMEYES® n E

A simple-to-use interactive

P ) r» FP
game scientifically shown to . . TO
improve vision. :
$5.99 for a limited time

Acne therapy without risky medications.

=]
& \
RATING
# - Begin by choosing a light from the
o ) 1" tab bar below. Red & Blue is the
* recommended option.
4
= Rest the iPhone against your skin's
& acne-prone areas for 2 minutes
daily to improve skin health without
A Pwn prescription drugs.
cnhe er
by: AndrewFinkel | a 104 = LEARN MORE ?Iu? nght .ﬁg.hts .bac.terig

= Scripps Translational
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Digital Snake Oill

‘ using only your iPhone. |

|
|
Measure blood pressure ‘
|
|
|
\

" |AND FOR ALL YOUR HEALTH GOALS




“The $2.8 trillion
T US healthcare

Amazon.com?

industry is being
upended by
companies
attuned to the
needs and desires
of empowered
consumers.”

pwc. Health Research Institute April 2014. Healthcare’s new entrants: . .
_ . = Scripps Translational
Who will be the industry’s Amazon.com? Crtenes Tnstittte



ﬂ IBM Watson

=" Microsoft
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e ~1000 locations in 31 states

» Staffed by nurse practitioners
assistants

Over 25 million patien

ovider of flu vaccines in the country. P Srpps Transhona

Science Institute
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“On-Demand” Channel Growth

Urgent Care @ -

7% CAGR

34% CAGR

14% CAGR
—>

Virtual Care

Retail Care o

@

1y
Sit

E}

Becker’s Hopsital Review Feb 2014mij{
Il soon.



Do Virtual Visits Impact Care
Delivery? UTI Complaints

* No difference in the
rate of f/u visits (7%

for both ro
oS Rr ice
visits to 99 “e-visits.”
* Not examining a

patient may lead to a
more “conservative”
treatment approach.

Mehrotra A. JAMA Intern Med. 2013;173:72-74 , Figure from WSJ

Urine culture ordered B E-visit
B 8% of patients " Office visit
‘ 51%
Antibiotic prescribed
99%
44%

Avag. cost per visit including tests and drug

=V

' $93

p— )
/‘\IIII SCFlppS Traqslauonal
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mHealth: Enabling the Re-
Engineering of Healthcare

4. Challenges to adoption.



@'PLOS | MEDICINE

OPEN 8 ACCESS Freely available online January 2013

The Effectiveness of Mobile-Health Technology-Based
Health Behaviour Change or Disease Management
Interventions for Health Care Consumers: A Systematic
Review

*, Gemma Phillips?, Leandro Galli?, Louise Watson®?, Lambert Felix>, Phil Edwards’,
Vikram Patel?, Andy Haines”

Caroline Free'

Journal of the American Medical Informatics Association Volume 16 Number 6 November / December 2009
Review Paperm
The Impact of Mobile Handheld Technology on Hospital
Physicians” Work Practices and Patient Care: A Systematic
Review

MrELA PreovET, BAPPSc(Hons). ANDREW GEORGIOU, PHD. Jonanwa I. WEsTBROOK, PHD

January 2013 @PLOS | MEDICINE

OPEN a ACCESS Freely available online

The Effectiveness of Mobile-Health Technologies to
Improve Health Care Service Delivery Processes: A
Systematic Review and Meta-Analysis

Caroline Free'*, Gemma PhiIIipsz, Louise Watson?, Leandro Galli*, Lambert Felix®, Phil Edwards?,

Vikram Patel®, Andy Haines?

“...high quality
adequately powered
trials of optimised
interventions are
required to evaluate
effects on objective
outcomes.”

“The paucity of
evidence calls for
much needed future
research...”

“High quality trials
measuring clinical
outcomes are
needed.”

7"‘-\1“" Scripps Translational
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So How Do We Show True Value?

* In 1900 95% of all factory
machines were still steam
engine and belt driven (two
decades after Edison’s first
electric power system
started).

* [ttook ~ 40 years to see
meaningful productivity
gains as the original group
drive system remained In
place for much of that time.

F‘““ Scripps Translational
David Paul A. American Economic Review 1990;80:355-61 & Science Institute



So How Do We Show True Value?
Productivity Paradox

B m & B = B

Just as systems of manufacturing
needed to change to take

advantage of transformational
technology, systems of care need

to be re-engineered around the
capabilities that mHealth tools
provide. A

]
David Paul A. American Economic Review 1990;80:355-61 & Science Institute




The mHealth: Enabling the Re-
Engineering of Healthcare - Summary

 We are well into a technology revolution of
unprecedented computational power & connectivity that
we are just now beginning to leverage for healthcare.

* The availability and variety of wearable sensors for
health and wellness is rapidly increasing, although with
limited clinical uptake.

* Consumer-facing, non-traditional providers may be in a
stronger position to lead the transformation of healthcare
in the US than are legacy healthcare systems.

 mHealth technologies can enable, but alone will not drive
the complete re-engineering of the healthcare landscape.
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