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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
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Contribution to Premature Death

Schroeder SA: NEJM 357:1221, 2007
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Mayo Clinic Facts: non profit organization

1.3 MILLION
People from all 50 

states and 140 
countries

4,500
Staff physicians 
and scientists 

641,000
Hospital days 
of patient care

$10.3 Billion
Total revenue 

from current activity

150 years of clinical practice and 
intellectual properties

5/16/2018 Best Hospitals in the U.S. | Hospital Rankings | US News Health

https://health.usnews.com/best-hospitals/rankings 1/12

Hospital Rankings (/best-hospitals/rankings) Children's Hospital Rankings (/best-hospitals/pediatric-rankings) Best Hospitals by S

Hospital Rankings by Specialty
The top three hospitals in each of 16 specialties are listed below. For a list of the best hospitals overall, see the ones that made our 2017-
18 Honor Roll (/health-care/best-hospitals/articles/best-hospitals-honor-roll-and-overview).

Cancer
 #1 University of Texas MD Anderson Cancer Center (/best-hospitals/area/tx/university-of-

texas-md-anderson-cancer-center-6741945)

 #2 Memorial Sloan Kettering Cancer Center (/best-hospitals/area/ny/memorial-sloan-kettering-

HEALTH HOME (https://health.usnews.com/) (https://www.usnews.com)

(https://www.usnews.com)

Health»
(https://health.usnews.com/)

Best Hospitals National Rankings

We analyzed data from nearly 5,000 medical centers and survey responses from more than 30,000
physicians to rank hospitals in 16 adult specialties from cancer to urology. Survival rates, patient safety,
specialized staff and hospital reputation were among the factors weighed. Across the country, only 152
hospitals ranked in at least one of the specialties in 2017-18. The Honor Roll recognizes 20 hospitals for
their exceptional care across these specialties, as well as recognizes hospitals by state, metro and regional
areas for their work in nine more commonly performed procedures and conditions.
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Industry/Innovation More patients, better care,
less space

Remote monitoring

Information/data

Virtual clinic

Robotic
treatment

Africa

Middle East

Europe

Reaching out to our Patients



©2015 MFMER  |  3438413-9

What Happened Before 2007?

• 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

https://itunes.apple.com/us/book/thank-you-for-being-late/id1110015147?mt=11
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The Race Between Human and Technology
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Where are the Future Opportunities in the 
Cardiovascular Field?

Unmet 
Patients’ 
need

Technology

Military Technology
Academic Centers

Mash up

a mixture or fusion of disparate 
elements.
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The Economist. Feb 2015
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…from watches, patches and 
tattoo’s

The Wearable Decade 
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Traditional
face to face

The patient

Review station

Internal

Monitoring

External

Managed Care Managed Care

Digital Impact on Customer Experience

70%
Comfortable communicating with doctors via texting, 
email, video instead of seeing them in person
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Number of Digital Health Apps 

4

MOBILE APPS
The adoption and use of smartphones and other mobile 

devices is widespread, with 95% of all Americans (and 

80% of seniors) having cellphones that enable text-

messaging and 77% having smartphones that enable 

mobile applications — both of which can be used to 

encourage health behaviors.3  Capitalizing on the 

opportunity this digital audience presents and the 

growing consumer interest in wellness, innovators 

FRQWLQXH�WR�ƓOO�WKH�PDUNHW�ZLWK�PRELOH�KHDOWK�DSSV�

There are now over 318,000 health apps worldwide — 

nearly double the number of apps found in our 2015 

DQDO\VLV�DQG�QHDUO\�ƓYH�WLPHV�WKRVH�DYDLODEOH�LQ�������
Since our study in 2015, over 153,000 new Digital Health 

apps were introduced to the Apple Store and Google 

Play, adding more than 200 new health apps per day on 

average (see Exhibit 2).

Although 73% of the over 318,000 health apps are 

available in English, mobile health apps are increasingly 

moving beyond English-speaking audiences and are 

available across the globe in multiple languages. Most 

countries now have 210,000—250,000 health apps 

available in their Google Play and Apple app stores. 

While this opens up opportunities for Digital Health 

to support the health and wellness efforts of global 

populations, over half of apps are still available solely 

in English (56%) and most languages are supported by 

RQO\�YHU\�IHZ�DSSV��VHH�([KLELW�����VLJQLƓFDQWO\�UHGXFLQJ�
the potential health impact for local populations.

Health apps also appear to be getting better over 

time, based on user experience, with 55% of apps in 

“ The trend line is up and to  
the right on the percentage  
of every population who’s 
starting to track [their 
health digitally] because it’s 
becoming easier and easier 
to do so. You can look at 
just smartphone adoption in 
the Medicare crowd…. It’s a 
common, popular theme to say, 
‘Oh this isn’t going to work for 
the population who’s the most 
in need of these things,’ but 
it’s just not true. The numbers 
are still smaller than for 30 year 
olds who use it but it’s not as 
small as you might think.” 

Christine Lemke, President,  
Evidation Health

Exhibit 2: Number of Digital Health Apps 2013, 2015 
and 2017 

66,713

165,169

318,572

98,456

153,403

2013 2015 2017

Sources: 42 Matters, Jul 2017; Mevvy, Jun 2015; IQVIA AppScript Database, 
Jul 2015; IQVIA Institute, Jul 2017
Note: Includes digital health apps publically available to consumers via the Apple 
Store and Google Play

NOVEMBER 2017

The Growing Value  
of Digital Health 
Evidence and Impact on Human Health and  
the Healthcare System
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Lessons Learned

• Population is key

• Beware barriers 

• Increased application 
use = improvement in 
risk factors 

• Patient engagement = 
benefit

• How can we engage 
patients? 
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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 
ups at 90 day intervals for one year
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• 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)
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Widmer, RJ, et al. Am Heart J. 2014
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Weight (lbs)

Waist 
Circumference 

(in)

Systolic BP 
(mmHg)

Triglycerides 
(mg/dL)

LDL 
Cholesterol 

(mg/dL)

HDL 
Cholesterol 

(mg/dL)

Glucose 
(mg/dL)
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Widmer, RJ, et al. PLOS ONE. 2016

30,974 
Participants
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Socioeconomic Environment in Digital Health

• DHI usage based 
on socioeconomic 
environment 

• Higher income = 
increased 
application use?  

• Difference among 
racial groups? 

Median Household Income 
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Digital Health and Socioeconomic Status 
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Study Design: Cardiac Rehabilitation

Mayo Expertise
Guidelines

Cardiac Rehabilitation 
Patients

Daily Tasks and
Educational 

Material

• Secondary 
Prevention

• Patient-
Centered:

• Monitoring
• Feedback
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Patients s/p
PCI for ACS (randomized)

Mayo Clinic CR + DHI (N=40)

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

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

Rehospitalization + ED Visits

Standard Mayo Clinic CR (N=40)

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

Widmer, RJ, et al. Am Heart J. 2017

Digital health intervention during cardiac
rehabilitation: A randomized controlled trial
R. Jay Widmer, MD, PhD, a Thomas G. Allison, PhD, MPH, a Ryan Lennon, MS, b Francisco Lopez-Jimenez, MD, a

Lilach O. Lerman, MD, PhD, c and Amir Lerman, MD a Rochester, MN

Background Digital health interventions (DHI) have been shown to improve intermediates of cardiovascular health, but
their impact on cardiovascular (CV) outcomes has not been fully explored. The aim of this study was to determine whether DHI
administered during cardiac rehabilitation (CR) would reduce CV-related emergency department (ED) visits and
rehospitalizations in patients after percutaneous coronary intervention (PCI) for acute coronary syndrome (ACS).

Methods We randomized patients undergoing CR following ACS and PCI to standard CR (n = 40) or CR + DHI (n = 40)
for 3 months with 3 patients withdrawing from CR prior to initiation in the treatment arm and 6 in the control group. The DHI
incorporated an online and smartphone-based CR platform asking the patients to report of dietary and exercise habits
throughout CR as well as educational information toward patients' healthy lifestyles. We obtained data regarding ED visits and
rehospitalizations at 180 days, as well as other metrics of secondary CV prevention at baseline and 90 days.

Results Baseline demographics were similar between the groups. The DHI + CR group had improved weight loss
compared to the control group (−5.1 ± 6.5 kg vs. −0.8 ± 3.8 kg, respectively, P = .02). Those in the DHI + CR group also
showed a non-significant reduction in CV-related rehospitalizations plus ED visits compared to the control group at 180 days
(8.1% vs 26.6%; RR 0.30, 95% CI 0.08-1.10, P = .054).

Conclusions The current study demonstrated that complementary DHI significantly improves weight loss, and might offer
a method to reduce CV-related ED visits plus rehospitalizations in patients after ACS undergoing CR. The study suggests a role
for DHI as an adjunct to CR to improve secondary prevention of CV disease.

Trial registration This trial is registered at clinicaltrials.gov (NCT01883050). (Am Heart J 2017;188:65-72.)

Cardiovascular disease (CVD) is the primary cause for
morbidity, mortality, and rising health care-associated
costs in the United States, causing over one in every 3
deaths.1 Furthermore, over 90% of CVD morbidity and
mortality is due to preventable risk factors such as poor
diet, smoking, and lack of physical activity.2

Cardiac rehabilitation (CR) is a class IA recommenda-
tion by the AHA/ACC after percutaneous coronary

intervention (PCI) for acute coronary syndrome (ACS),3

and weekly participation in a CR program following PCI is
associated with a decrease in all-cause mortality.4 Despite
the overwhelming evidence and recommendations in
favor of CR, repeated CVD events continue to be
problematic with a reported 18–30% 30-day rehospitali-
zation rate in those patients in the US admitted for ACS.5

Moreover, roughly half of those who suffer an ACS
experience repeat CVD events,6 leaving room for vast
improvements in secondary CVD prevention to have an
impact on public health. Furthermore, we know that the
risk of repeat events at 6 months is elevated and can be as
high as 25%,7,8 yet these long-term follow up metrics can
be improved with guideline adherence.9

Meta-analytic data10 as well a prior pilot study on a
separate, but similar, cohort of non-randomized patients
by our group demonstrated benefits in intermediate
markers of secondary CVD prevention as well as
rehospitalizations and emergency department (ED) visits
in patients who are prescribed a digital health interven-
tion (DHI) for CR.11 Thus, the current study was designed
to assess the effects of such a program in a larger group of
patients in a prospective randomized, single-blinded

From the aDivision of Cardiovascular Diseases, Department of Internal Medicine, Mayo
Clinic and College of Medicine, Rochester, MN 55905, USA, bDivision of Biostatistics,
Mayo Clinic and College of Medicine, Rochester, MN 55905, USA, and cDivision of
Nephrology and Hypertension, Department of Internal Medicine, Mayo Clinic and College
of Medicine, Rochester, MN 55905, USA.
Funding for this project was provided by the Binational Industrial Research and
Development (BIRD) Foundation.
Conflicts of interest: none.
RCT# NCT01883050
Submitted September 8, 2016; accepted February 6, 2017.
Reprint requests: Amir Lerman MD, Division of Cardiovascular Diseases, Mayo Clinic, 200
1st Street SW, Rochester, MN 55905, USA.
E-mail: lerman.amir@mayo.edu
0002-8703
© 2017 Elsevier Inc. All rights reserved.
http://dx.doi.org/10.1016/j.ahj.2017.02.016

Clinical Investigations
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Risk Factor Reduction after 3 Months of CR

Weight, kg

BMI (kg/m2)

Systolic Blood 
Pressure (mmHg)
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Xia et al:  Antioxidants & Redox Signaling; Volume 28, Number 9, 2018

Proposed Mechanisms of Loneliness-Associated 
Cardiovascular Disease (CVD)

Impact of Social Support on Mortality
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Timing of Engagements 



©2015 MFMER  |  3438413-29

• Relative search 
frequency over time or 
geographic area

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

Senecal & Lerman JAMA Cardiology 2018  

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

I ncreasingly, patients are turning to online search engines
such as Google to evaluate their symptoms prior to turn-
ing to a physician; 59% of US adults attest to looking

online for health information, with 80% starting with a
search engine.1 The Institute of Medicine has identified on-
line search data, and specifically Google Trends, a free pub-
licly available tool for analyzing search data, as a valuable
source for health sciences research.2 A wide variety of stud-
ies have used Google Trends, including topics such as mental
health3 and infectious diseases.4 A review of the use of Google
Trends in the medical literature noted that only 16% of the 70
studies identified focused on noncommunicable diseases.5 The

studies identified also tended to focus on searches for known
disease states as opposed to symptoms of noncommunicable
disease.

Coronary heart disease (CHD) has been shown to exhibit
geographic,6 seasonal,7 and diurnal8,9 variation. The
cardinal symptom of CHD is angina, and given the common-
ality of online searches for symptoms, we sought to
investigate the association of chest pain symptom search
with the epidemiology of CHD. We hypothesized that
search frequency for chest pain obtained using Google
Trends would correlate strongly with previously reported
epidemiology of CHD.

IMPORTANCE Online search for symptoms is common and may be useful in early
identification of patients experiencing coronary heart disease (CHD) and in epidemiologically
studying the disease.

OBJECTIVE To investigate the correlation of online symptom search for chest pain with
disease prevalence of CHD.

DESIGN, SETTING, AND PARTICIPANTS This retrospective study used Google Trends, a publicly
available tool that provides relative search frequency for queried terms, to find searches for
chest pain from January 2010 to June 2017 in the United States, the United Kingdom, and
Australia. For the United States, results were obtained by state. These data were compared
with publicly available prevalence data from the US Centers for Disease Control and
Prevention of CHD hospitalizations by state for the same period. The same terms were used
to evaluate seasonal and diurnal variation. Data were analyzed from July 2017 to October
2017.

MAIN OUTCOMES AND MEASURES Correlation of search engine query for chest pain symptoms
with temporal and geographic epidemiology.

RESULTS State-by-state comparisons with reported CHD hospitalization were correlated
(R = 0.81; P < .001). Significant monthly variation was appreciated in all countries studied,
with the United States, United Kingdom, and Australia showing an 11% to 39% increase in
search frequency in winter months compared with summer months. Diurnal variation
showed a morning peak for search between local time 6 AM and 8 AM, with a greater than
100% increase seen in peak searching hours, which was consistent among the 3 countries
studied.

CONCLUSIONS AND RELEVANCE Relative search frequency closely correlated with CHD
epidemiology. This may have important implications for search engines as a resource for
patients and a potential early-detection mechanism for physicians moving forward.

JAMA Cardiol. doi:10.1001/jamacardio.2018.3459
Published online October 24, 2018.
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and College of Medicine, Rochester,
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A. Lerman); Division of Nephrology
and Hypertension, Department of
Internal Medicine, Mayo Clinic and
College of Medicine, Rochester,
Minnesota (L. O. Lerman).

Corresponding Author: Amir
Lerman, MD, Department of
Cardiovascular Diseases, Mayo Clinic
and College of Medicine, 200 First St
SW, Rochester, MN 55905
(lerman.amir@mayo.edu).
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Downloaded From:  by a Mayo Clinic Library User  on 10/24/2018



©2015 MFMER  |  3438413-30

Search Frequency of CP on Google vs CHD 
Hospitalization Rate
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Peak Search Volume: 5-7 AM 
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correlation between month, year, and search frequency. In re-
gards to diurnal variation, means for each hour were calcu-
lated and compared using 1-way analysis of variance to deter-
mine significance. Statistical analysis was performed in
R version 3.4.3 (The R Foundation).

Results
Overall Search Frequency
Of 4 keywords used to describe chest pain symptoms, “chest
pain” was searched 4.5-fold more than “angina” and 13-fold
more than “chest pressure” and “chest tightness.” As a com-
parator, these search terms were collectively queried 1.6-fold
more than “knee pain.”

US Geographical Variation
The Pearson correlation coefficient for CDC data for each state
from January 2012 to December 2014 and the search fre-
quency in each state over the same period was calculated to
be 0.81 (P < .001) (Figure 1). Kentucky residents searched most
frequently, approximately twice as frequently as residents of
Oregon, the state with the least relative searches. The Pear-
son correlation coefficient from January 2011 to December 2013
was 0.81 (P < .001) and from January 2010 to December 2012
was 0.78 (P < .001). As a comparison, the correlation coeffi-
cient for knee pain searches from January 2012 to December
2014 was 0.31 (P < .001) (eFigure 1 in the Supplement).

Monthly Variation
Searches for chest pain symptoms were found to have signifi-
cant monthly differences in all 3 countries evaluated (Figure 2).
In the United States and United Kingdom, searches peaked in
the winter months and had a trough during the summer. The
peak month in the United States was January, with an 11% in-
crease over the trough month of June. In the United Kingdom,
the peak month was December, which had a 39% increase in
searches compared with the trough month of July. In Austra-
lia, the peak month for searches was July, which had a 19% in-
crease compared with the trough month of December.

Diurnal Variation
Chest pain searches were found to consistently peak between
6 AM and 8 AM local time, with a nadir in the late afternoon be-
tween 2 PM and 6 PM for all 3 countries studied. In the
United States, searches peaked at 7 AM, with a 110% increase
from the nadir between 2 PM and 4 PM. Similarly, in the
United Kingdom, searches peaked at 6 AM, a 189% increase over
the nadir. In Australia, searches peaked at 7 AM, a 157% in-
crease over the nadir between 3 PM and 5 PM (eFigure 2 in the
Supplement). Analysis of variance of the calculated means was
statistically significant for difference.

Discussion
The current study demonstrates that in regard to chest pain
symptoms, the frequency of searches correlates strongly with
previously reported CHD epidemiology. To our knowledge, our

Figure 2. Monthly Variation of Symptom Search
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were compared using analysis of variance.

Figure 1. Relative Search Frequency and Coronary Heart Disease (CHD) Prevalence in the United States
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The scatter chart shows the relative
search frequency for each state
plotted with the CHD hospitalization
rate reported by the US Centers for
Disease Control and Prevention for
each state from January 2012 to
December 2014. Relative search
frequency signifies the proportion of
searches for the queried term by the
total searches in the geography of the
area selected during the time range
selected.

Association of Search Engine Queries for Chest Pain With Coronary Heart Disease Epidemiology Brief Report Research

jamacardiology.com (Reprinted) JAMA Cardiology Published online October 24, 2018 E3

© 2018 American Medical Association. All rights reserved.
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Is it realistic?
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Half of US Physicians have burnout

Shanafelt TD: Mayo Clinic Proceed. 2015; Lancet editorial: 2017

Triad of symptoms:
Emotional 
exhaustion

Depersonalization

Sense of diminished 
accomplishment

Cynicism

Inefficiency
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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
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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 
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Thank You
Questions?

Lerman.Amir@mayo.edu
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