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What are currently estimated number of
available health related apps on the
marketplace?

1. 30,000

2. 50,000

3. 300,000

4. 90,000

CCCCCC



Contribution to Premature Death

m Behaviorg
m Genetic
m Social

m Healthcare
m Environment

MAYO
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Mayo Clinic Facts: non profit organization

1.3 MILLION

People from all 50

S states and 140
Mayo Clinic in Minnesota .
& Mayo Clinic Health System countries
4,500
Staff physicians

and scientists

641,000

o : Hospital days
150 years of clinical practice and of patient care

Intellectual properties $10.3 Billi
. 1iion
BEST Total revenue

HOSPITALS from current activity

RRRRRRRRRRRR
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Reaching out to our Patients

Information/data
m clinic
. /
- -~ —
Mayo Clinsc in Munnesota . /
& Mayo Clinac Heaith System e '
e
et treatment

>

/ | * [ Remote monitoring

Industry/Innovation More patients, better care,

less space
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What Happened Before 20077

* Facebook didn't exist yet

 Twitter was still a sound

* Cloud was still in the sky

* 4G was a parking space

 “applications” were what you sent to college
* LinkedIn most people thought it was a prison
 Big Data was a good name for a rap star

Excerpt From: Thomas L. Friedman. “Thank You for Being Late.” iBooks. https://itunes.apple.com/us/book/thank-
you-for-being-late/id1110015147?mt=11
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The Race Between Human and Technology

~ We are here

Human Adaptability

Rate of Change

Time —

MAYO
CLINIC
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Where are the Future Opportunities in the
Cardiovascular Field?

Unmet

Patients’ Technology
need

Mash up

Military Technology

a mixture or fusion of disparate _
elements. Academic Centers

MAYO
CLINIC
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FLRRARY 28T AR 4 2015 Mosquito sex and malaria

Planet of the phones

Mobile-broadband
connections, bn

Mobile data transmitted
Exabytes* per month

Cost of data B Developing B N America M W Europe

per mb, $ B Developed W Asia Pacific '~ Restofworld

10 2.5 25
FCAST
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The Wearable Decade

...from watches, patches and
tattoo’s

MAYO
CLINIC
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40% 3% ¥

o pPysCars televe mrea '
ST, | SmR ) =/
 MORETHAN _— —
b 25 9/ n 93 % \ Managed Care
) 0 d{;m&tmm = _
e A |
Digital Impact on Customer Experience
;h oo ‘
Review ¢ 7 0 o/ S
eview : © o=
MAYO Comfortable communicating with doctors via texting,

CLINIC

Gl email, video instead of seeing them in person
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Number of Digital Health Apps

=IOVIA
INSTITUTE

The Growing Value 318,572
of Digital Health

Evidence and Impact on Human Health and
the Healthcare System

153,403

165,169

2017

MAYO
CLINIC
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Annals of Internal Medicine SUPPLEN

GENERAL MEDICINE/ORIGINAL RESEARCH

Effectiveness of a Smartphone Application for Weightt Loss Compd
With Usual Care in Overweight Primary Care Patients

A Randomized, Coatrolled Trial

Srian Yoshio Lalng, MD, MPH*; Carol M. Mangione, MD, MSPH. Chi-Mong Tseng, MD: Mei Leng, MD, MS; Bcatering Vaisberg, 89
Megha Mahida, BS; Michelle Bholat, MO, MPH; Eve Glazier, MD; Donald £ Morisly, M, ScO: and Douglas S. Bell, MD, P20

Conclusion: Smartphone apps for weight loss may be useful for
persons who are ready to self-monitor calories, but introducing a
smartphone app is unlikely to produce substantial weight change
for most patients.

Trial to Examine Text Message-Based mHealth in Emergency
Department Patients With Diabetes (TExT-MED):
A Randomized Controlled Trial

Sanjay Arora, MD; Anne L. Peters, MD; Elizabeth Burner, MD, MPH; Chun Nok Lam, MPH; Michael Menchine, MD, MPH

Study objective: Increasingly, low-income inner-city patients with diabetes utilize emergency departments (EDs) for acute and
chronic care. We seek to determine whether a scalable, low-cost, unidirectional, text message-based mobile health
intervention (TEXT-MED) improves clinical outcomes, increases healthy behaviors, and decreases ED utilization in a safety net
population.

Methods: We conducted an randomized controlled trial of 128 adult patients with poorly controlled diabetes (glycosylated
hemoglobin [Hb A, ¢] level >8%) inan urban, public ED. The TEXT-MED group received 2 daily text messages for 6 months in
English or Spanish. The primary outcome was changein Hb Ay level. Secondaryoutcomes included changesin medication
adherence, self-efficacy, performance of self-care tasks, quality of life, diabetes-specific knowledge, ED utilization, and

Patients
gn'm‘ o

ey

Research

JAMA | Original Investigation

Effect of Wearable Technology Combined With a Lifestyle
Intervention on Long-term Weight Loss

= Conclusion: The TEXT-MED program did not resultin a statistically significant improvement in Hb Aye. |

The IDEA Randomized Clinical T| {oe ov o rsisuuice Anongyongadsuiha il etueen 25andles han 0

the addition of a wearable technology device to a standard behavioral intervention resulted in

CLINIC less weight loss over 24 months. Devices that monitor and provide feedback on physical
W activity may not offer an advantage over standard behavioral weight loss approaches.




JAMA Cardlology | Brief Report

A Digital Health Intervention to Lower Cardiovascular Risk
A Randomized Clinical Trial

CONCLUSIONS AND RELEVANCE Among South Asian individuals, a DHI was not associated
with a reduction in MI risk score after 12 months and was not influenced by knowledge of
genetic risk status.

Orlginal Investigation | HEALTH CARE REFORM

Effectiveness of Remote Patient Monitoring After Discharge
of Hospitalized Patients With Heart Failure

The Better Effectiveness After Transition-Heart Failure (BEAT-
HF) Randomized Clinical Trial

CONCLUSIONS AND RELEVANCE Among patients hospitalized for HF, combined health
coaching telephone calls and telemonitoring did not reduce 180-day readmissions.




Lessons Learned

* Population is key

* Beware barriers

* Increased application
use = improvement in

risk factors

« Patient engagement =
benefit

 How can we engage
patients?

Go

patient engagement|

patient engagement

patient endurance

patient engagement solutions
patient engagement advisors
patient encounter

patient engagement definition
patient encounter form

patient engagement tools
patient encounter form pdf
patient en espanol

Google Search

gle

I'm Feeling Lucky
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Workplace Health Program

+ Between 2011 and 2014 CareHere, LLC
(Nashville, TN) created and implemented an
incentive plan for employees

* 81 employers in 42 states encompassing 30,974
employees in a variety of occupations

 Digital health intervention (DHI) offered to all
who enrolled

 All participants had a baseline exam with check

MAYO

Gy ups at 90 day intervals for one year



Using an online, personalized program reduces

adherent population of participants

K. ). Widmer, MD, PHD, * Thomas G. Allison, PRD,* e
ek O Lerman, MDD, PRD, " and Amie Lerman

ndie Keame, RN, Anthony Dallas, MD,*
MDD Mowbester, MN and Nasbeile, TN

cardiovascular risk factor profiles in a motivated,

* A cohort of employees with CV risk
factors were prospectively
assigned to a web-based personal
health assistant and had repeat
measurements taken at 90 days

* Subjects who successfully reduced
risk profile received an Incentive:

a reduction in their in health

Insurance cost:
Reductions in Raw FRS (left) and

Converted FRS 10—year

cardiovascular risk percentage (right)
-~ 35
< 3
= = 30
-g)_cg 25 -
= % 2,0 -
58 15
& 1,0 -
-~ 05
MAYO 0’0 .
CLINIC FRS % baseline FRS % 90-day

=

Schematic displayingthe smartphone (B) and online (A)
versions of the cardiac rehabilitation program currently being
/] used in a randomized controlled trial.

Percent Change from Baseline in
Risk Factors After Completing the

Percent change
. from baseline
NN
o

-8,0 -

Online PHA
' - N
i HDL
cholesterol *
J SBP *
BMI
1 Glucose
Total
cholesterol LDL
cholesterol
Triglycerides
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. HDL
_ Waist Cholesterol *
2 - Circumference Triglycerides  (mg/dL)
(in) (mg/dL) 1'
0 1 = i == -+

! T LI ._
8 * \ ' ) '[ I
> _2 - * 1 [
)
S * Systolic BP * Glucose
g -4  Weight (Ibs) (mmHg) (mg/dL)
I LDL
_GEJ -6 - Cholesterol
I ' (mg/dL)
&
O _8 -
S 0Non-Users
o -10 71 =Low-Frequency Users 30,974
& : : Participants
g ., | mHigh-Frequency Users -
S 12 -
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Socioeconomic Environment in Digital Health

Median Household Income

* DHI usage based
on socioeconomic
environment

* Higher income =
iIncreased
application use?

* Difference among
racial groups?




Digital Health and Socioeconomic Status

No age or sex dependent

12
11
" 10
c
= 9
S
8
o
27—
S
< 6 ——Caucasian
5 -=-Black
4 Hispanic
3
2
$20 K $70 K $120 K

Median Income



Study Design: Cardiac Rehabilitation

59>

Mayo Expertise , -

=2 + Secondary
Guidelines Prevention
* Patient-
e o . Centered:
1 healarium + Monitoring
+  Feedback
Funding: BIRD Foundation 1
— Daily Tasks and
: HE P Educational
Cardiac Rehabilitation ke Material
PatientS gEnannponce

~uann|f}

-

MAYO
CLINIC

NeZ

©2015 MFMER | 3438413-24



Digital health intervention during cardiac W) o
rehabilitation: A randomized controlled trial

R. Jay Widmer, MD, PhD,* Thomas G. Allison, PhD, MPH, * Ryan Lennon, MS, " Francisco Lopez-Jimenez, MD, ¥
Lilach O. Lerman, MD, PhD, € and Amir Lerman, MD* Rochester, MN

Digital Health Intervention as an
Adjunct to Cardiac Rehabilitation
Reduces Cardiovascular Risk Factors and
Rehospitalizations

R. Jay Widmer, Thomas G. Allison,

Patients s/p

PCI for ACS (randomized)

Lilach O. Lerman & Amir Lerman

Mayo Clinic CR + DHI (N=40)

MAYO
CLINIC

NeZ

Standard Mayo Clinic CR (N=40)

3 Pts w/d prior to CR (N=37)

6 Pts w/d prior to CR (N=34)

Rehospitalization + ED

Outcomes: Weight, BP, HR, glucose/HbA1c, Lipids,
Physical Activity, Diet, Compliance, Mood, QOL,

Visits

2015 MFMER | 3438413-25



Risk Factor Reduction after 3 Months of CR

15 -

10

MAYO
CLINIC

NeZ

m CR+DHlI
m CR Alone

Exercise Capacity Diet Score

(ml O2/kg/min)
Dartmouth QOL

BMI (kg/m2)

Weight, kg

Reduced Rehospitalizations/ED Visits

Systolic Blood Among those Using the PHA
Pressure (mmHg)

£ 1,0 ~
— 0 9 -
> ’
Z 08 1 L
5% 0,7 -
‘g o 0,6 -
53 0%
ra 8;‘ 1— CR+PHA
8 Y9 1 —— Post-CR + PHA
S 0,2 1 — standard CR
= 8’2) 1 — Standard post-CR  Log-Rank *P<0.05

100 200
Time to event (days)

o

©2015 MFMER | 3438413-26



Loneliness, Social Isolation, and Cardiovascular Health

Ning Xia' and Huige Li"

Pro

MAYO
CLINIC

NeZ

Social Isolation Actually Hurts Your Heart, A New Study Says | Time

TIME

Loneliness Can Actually Hurt Your Heart. Here's Why

Ated

Impact of Social Support on Mortality

Lack of
social
relftlﬂtmil
@§mplex. —
Smoking
Alcohol
Physical.
Obesity
0,0 0,2 04 0,6 0,8
Adjusted
Prevalence OWEEtﬁLﬁYness
30 1 EUA
China
20 - us
Loneline EU2
SS
(%)

0

" D-ﬂ\ﬂ,crﬂ—ﬂ/‘/]EUB

0 20 40 60 80 100
Age (years)

Xia et al: Antioxidants & Redox Signaling; Volume 28, Number 9, 2018

©2015 MFMER | 3438413-27



Timing of Engagements

9:41 AM ¢ 100% .

9:41

Monday, June 5

B}.

(2} DONOT DISTURB now

You will not receive Notifications while you are

DO NOt Disturb driving.

You will not receive Notifications while you
are driving.

While Driving

oy 40
Your iPhone can detect when you may be s SO e I'm Not Driving
driving and automatically silence your [y N ST v 2 ‘
incoming alerts and notifications. ; . Adss b B i R . &

Turn On While Driving

Not Now
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Research

JAMA Cardiology | Brief Report
Association of Search Engine Queries for Chest Pain
With Coronary Heart Disease Epidemiology

Conor Senecal, MD; R. Jay Widmer, MD, PhD; Lilach O. Lerman, MD, PhD; Amir Lerman, MD

* Relative search
frequency over time or
geographic area

* A score (0to 100) is
provided about the
relative frequency

Go

chest pain|

chest pain

chest pain anxiety

chest painicd 10

chest pain mayo clinic
chest pain after eating

chest pain stress

chest pain right side

chest pain when swallowing
chest pain gas

chest pain relief

Google Search

gle

I'm Feeling Lucky

Senecal & Lerman JAMA Cardiology 2018
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Search Frequency of CP on Google vs CHD

100

Relative Search Frequency
~
a

50

MAYO
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Hospitalization Rate

Ki\l
ALMS -lN OK
o)
sC PAvio Lj; T
IS C T S
"y I & 1‘
Df gT Még?jl) VA s N T
(R &f .
¢
OJI?
12 16

CDC CHD Hospitalizations per 1,000 Medicare Beneficiaries 2012-2014

20
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Huycresteanseerci e Frequency of Chest Pain Searches

Relative Search Frequency

Peak Search Volume: 5-7 AM

— USA
—_— UK
AUS

e

Figure 2. Monthly Variation of Symptom Search

60+
@ United States
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® Australia
Hour (24H) 50

~
[
|
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Relative Search Frequency, %

N
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Eric Topol

PATIENT
YOU

The FUTURE of MEDICINE
is1in YOUR HANDS

Is it realistic?

™
3\-/E ©2015 MFMER | 3438413-32
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Half of US Physicians have burnout

| Py Triad of symptoms:

Emotional
exhaustion
Depersonalization
Sense of diminished J
accomplishment -

PHOTO ILLUSTRATION BY SARAH ROGERS/THE DAILY BEAST

American Doctors Are Killing Themselves and
No One s Talking About It

It's estimated that atleast 400 U.S. doctors kill themselves every year Many are
struggling with depression, anxiety, or addiction,

Cynicism
Inefficiency

MAYO
CLINIC

W Shanafelt TD: Mayo Clinic Proceed. 2015; Lancet editorial: 2017 ©2015 MFMER | 3438413-33



What makes a successful digital health

 Evidence/Guideline-Based

* Recognized medical brand name
 User friendly and incentive-Based
 Right timing

* Flexible operating platform — able to be easily modified
based on new scientific data and guidelines

* Interact with Social Media

 Wide applicability and distribution (i.e. smartphones)
* Not dependent on proximity to medical center

* Respect the physicians’ time

MAYO
CLINIC

Y



The Future of Smartphone Heart Health

» Digital health provides a new tool to help behavior
associated diseases, including primary and
secondary cardiovascular prevention

* Increasingly evidence shows benefit if patients are
engaged

» Patient engagement may be enhanced through
more directed messaging

* Online symptom search may provide an avenue for
providing timely care while patients are engaged



Thank You
Questions?

Lerman.Amir@mayo.edu
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