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CONFLICTS OF INTEREST

•Employment 
• Duke University

• Verily Life Sciences

•Corporate Board
• Cytokinetics

•Consulting
• Merck

• Boeringher Ingelheim



Four industrial 

revolutions

FIRST
Water and steam power 
mechanize production.

Jacob Leupold, Steam Engine, in Theatri Machinarum Hydraulicarum II (1720)



Four industrial 

revolutions

SECOND
Electric power creates 
mass production.

Photographer: Dickenson V. Alley, CC BY 4.0, https://commons.wikimedia.org/w/index.php?curid=36367226



Four industrial 

revolutions

THIRD
Electronics and 
information technology 
automate production.

ENIAC digital computer. Unidentified U.S. Army photographer. Public Domain, https://commons.wikimedia.org/w/index.php?curid=978770



Four industrial 

revolutions

FOURTH
The digital revolution—
characterized by a fusion 
of technologies—blurs the 
lines between physical, 
digital, and biological 
spheres.

Opte Project. Internet map. https://commons.wikimedia.org/wiki/File:Internet_map_1024.jpg



Illustration credit: Brett Ryder. https://www.economist.com/node/15579717

DATA DELUGE



PROGRESS ON MULTIPLE DIMENSIONS

• Biomolecular and integrative physiology

• Current version of electronic health records

—Claims

—Clinical records

• Behavioral phenotypes and social interactions

• Geospatial

• Time



CRITICAL ISSUES IN NEED OF PROGRESS

• Continued focus on curating the data (”data janitorship”)

• Connecting clinicians and people (consumers, patients, carers) in 
functional networks to advance knowledge

• Culture and ethics

— Veracity (synonyms: 
truthfulness, truth, accuracy, correctness, faithfulness, fidelity)

— Privacy and confidentiality

—Monitoring the function of the system

— Data sharing

— Priority setting





www.projectbaseline.com



A coalition to develop gold 

standard data, tools and 

technologies to provide a 

holistic view of human health 

and more efficiently and 

effectively conduct clinical 

research.
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WHAT IS THE PROJECT BASELINE 

STUDY?



Deep molecular profiling



Continuous monitoring 

through passive sensors

Sleep sensor

Commercially available, 

placed under mattress to 

passively monitor multiple 

physiologic data parameters

Study hub

Safely sends device data to 

secure, encrypted Baseline 

database

Study watch

Investigational wrist-worn 

sensor for continuous 

recording of physiological and 

environmental data

App

Mobile interface for self-

reported and passive data 

acquisitions



Learning health care systems

www.fda.gov



Demonstration Project Overview

10 Demonstration 
Projects spanning 12 
NIH institutes and 
centers

1-year planning phase 
(UH2) 

Implementation phase 
(UH3)





PCORnet
®

embodies a “network 

of networks” that harnesses the power of 

partnerships

20 
Patient-Powered 

Research Networks 
(PPRNs)

13 
Clinical Data 

Research Networks 
(CDRNs)

A national infrastructure for 
people-centered clinical 

research

+

=

+
1

Coordinating 
Center 





Insel TR. Digital phenotyping technology for a new science of behavior.
JAMA. 2017;318:1215-16. doi:10.1001/jama.2017.11295

The process of digital 

phenotyping

Digital phenotyping involves 
collecting sensor, keyboard, and 
voice and speech data from 
smartphones to measure behavior, 
cognition, and mood.



1 in 20

Google 

searches are 

health related



Our Mission:

Make health information 

universally accessible 

and useful. 



Information structure

Card Creation



PRODUCT OVERVIEW: What is PHQ-9?

PHQ-9 is a Patient Health Questionnaire, with 9 questions, that is used to measure depression severity



Dwyer-Lindgren L, et al. Inequalities in life expectancy among US counties, 1980 to 2014 - temporal trends and key drivers.
JAMA Intern Med. 2017;177:1003-11. doi:10.1001/jamainternmed.2017.0918

Life expectancy 

at birth by 

county, 2014

Counties in South Dakota and North 
Dakota had the lowest life 
expectancy, and counties along the 
lower half of the Mississippi, in 
eastern Kentucky, and southwestern 
West Virginia also had very low life 
expectancy compared with the rest of 
the country. Counties in central 
Colorado had the highest life 
expectancies.



Change in life 

expectancy at 

birth by county, 

1980 to 2014

Compared with the national average, 
counties in central Colorado, Alaska, 
and along both coasts experienced 
larger increases in life expectancy 
between 1980 and 2014, while some 
southern counties in states stretching 
from Oklahoma to West Virginia saw 
little, if any, improvement over this 
same period.

Dwyer-Lindgren L, et al. Inequalities in life expectancy among US counties, 1980 to 2014 - temporal trends and key drivers.
JAMA Intern Med. 2017;177:1003-11. doi:10.1001/jamainternmed.2017.0918



This same dynamic can be 

seen in North Carolina…

http://www.countyhealthrankings.org/app/north-carolina/2018/overview
https://www.rwjf.org/en/library/interactives/whereyouliveaffectshowlongyoulive.html?cid=xtw_rwjf_unpd_ini:reply_dte:2018030 1



http://www.countyhealthrankings.org/app/north-carolina/2018/overview
https://www.rwjf.org/en/library/interactives/whereyouliveaffectshowlongyoulive.html?cid=xtw_rwjf_unpd_ini:reply_dte:2018030 1

…where better health 

outcomes in and around 

the Research Triangle 

area…



http://www.countyhealthrankings.org/app/north-carolina/2018/overview
https://www.rwjf.org/en/library/interactives/whereyouliveaffectshowlongyoulive.html?cid=xtw_rwjf_unpd_ini:reply_dte:2018030 1

…contrast with poorer 

outcomes in rural 

counties in southern 

and eastern NC.



http://www.countyhealthrankings.org/app/north-carolina/2018/overview
https://www.rwjf.org/en/library/interactives/whereyouliveaffectshowlongyoulive.html?cid=xtw_rwjf_unpd_ini:reply_dte:2018030 1

Of note

Although ranked 11th out of 100 
for health outcomes and 7th out 
of 100 for life expectancy, 
Durham County life expectancy 
remains slightly below the 
national average.



Big Challenges in Biomedicine

• Lack of significant information over time dimension 

—Measurements to assess biology and human health are 
made periodically in visits to healthcare or for research

• Missing systems biology 

—When developing concepts of human biology or drug 
development we make limited measurements focused 
on specific mechanisms —we look “under the 
lamppost”

• Missing the opportunity to measure interactions of 
biology, sociology, environment and decision-making 
that could enable optimization of individualized and 
population health 

— Although we know that health and disease are the 
product of the interactions of genes, multiple derivative 
biological systems, environment, social context and 
personal decisions, we tend to look at one part of the 
time





https://www.economist.com/news/leaders/21739151-how-it-and-wider-industry-should-respond-

facebook-faces-reputational-meltdown

https://www.theguardian.com/technology/2018/mar/20/facebook-is-it-time-we-all-deleted-our-accounts

Facebook Fiasco



Krista Kennell / Stone / Catwalker / Shutterstock / The Atlantic
https://www.theatlantic.com/technology/archive/2018/03/largest-study-ever-fake-news-mit-twitter/555104/



Vosoughi S, et al. Science. 2018;359:1146-51. 

Complementary cumulative distribution 

functions (CCDFs) of true and false rumor 

cascades





How it works: 

analytics and data science

Ask the right 
questions

• Tap knowledge to 

specify the question 

that defines the 

challenge

?

Optimize 
methods

•Tailor methods to 

address the question

•Develop new tools to 

improve analytics

Decide 
wisely

• Improve health

• Improve care

•Reduce cost

• Improve clinical 

practice

Find the right
data

• Examine all data 

sources (access, 

feasibility, content, 

quality)





Policy efforts underpinning RWE push

39

Cures provisions (Sec. 3022)

• Requires FDA to establish a program to evaluate the 
potential use of real world evidence to:

• Help support the approval of new indications for an 
approved drug

• Help support or satisfy post approval study 
requirements

Reinforcing of a Learning Health Care System:

• Doesn’t change approval standards, rather it better supports and enables use of data and evidence on outcomes that 
are hard to get from traditional RCTs (e.g., outcomes that are too costly, too small populations with particular clinical 
features, too long follow-up needed, diff impact in diff clinical settings, etc.)

• Learning from real-world patient experiences can support better informed health care decision-making by a range of 
stakeholders

PDUFA RWE provisions

• Tracks with Cures Act

• Requires FDA to establish a program to evaluate the 
potential use of real world evidence to:

• Help support the approval of new indications for an 
approved drug

• Help support or satisfy post approval study 
requirements









CRITICAL ISSUES IN NEED OF PROGRESS

• Continued focus on curating the data (”data janitorship”)

• Connecting clinicians and people (consumers, patients, carers) in 
functional networks to advance knowledge

• Forming the right teams to convert data into knowledge

• Culture and ethics

— Privacy and confidentiality

—Monitoring the function of the system

— Data sharing

— Priority setting



USE OF BIG DATA: THE NEW VIEW

Harvard Business Review Oct 2012


