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Outline
• Real-world data

• A new buzz word; rationale for EHR and mHealth data

• eCohorts and mHealth data collection
• Health eHeart Study  Eureka Research Platform
• Some examples of mHealth data we collect
• Linking mHealth and EHR data

• Future directions, and ?’s for BRAID
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Real-World Evidence

• FDA: Types of real-world data
• Claims and billing activity
• EHR data
• Product and disease registries
• Patient-generated data including in home-use settings
• Data gathered from other sources that can inform on 

health status, such as mobile devices

https://www.fda.gov/scienceresearch/specialtopics/realworldevidence/default.htm

https://www.fda.gov/scienceresearch/specialtopics/realworldevidence/default.htm


Real-World Evidence

• FDA mandate from 21st Century Cure Act (Dec 2016)

• Develop a program to consider how/when to use real-
world evidence for new indications and post-marketing 
surveillance

• Framework for program coming by end of 2018
• Likely to include both observational studies and “pragmatic 

trials” / “large simple trials”



Real-World Evidence

• How does one collect patient-generated and 
mHealth data for research studies?



Our team’s motivation

Can we use emerging technology to 
improve health?
• 3 Mechanisms:
 Do research more efficiently
 Collect new types of measurements
 Design and test new types of interventions



The “eCohort” Vision

• eCohort ~= Electronic Cohort Study
• Approach, consent, enroll over the internet
• Use online surveys for self-reported data
• Use electronic health records for health measurements 

and outcomes
• Use sensors to collect and transmit real-time/real-life 

data
• Use online social networks to collect social data, engage 

ppts, deliver interventions
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and outcomes
• Use sensors to collect and transmit real-time/real-life 
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• Use online social networks to collect social data, engage 
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Cheaper, faster, 
easier, better?





The Health eHeart Study

• Overarching Goal:
• Do research that improves cardiovascular health

• Approach:
• Collect “big data”
• Keep marginal costs low
• Support ancillary studies, including RCTs



Health eHeart Study





Integrated 
devices and 
apps



Modular Consent System

• “Umbrella” consent to answer surveys and use data 
for research

• Then add short, just-in-time consent modules



2-Step Fitbit Consent Module

- Use API hosted by company
- OAuth 2.0 protocol



Recruitment as of 9/20/18
(now over 210,000 consented)



Measurements collected
As of 11/10/17

Self report
• 1,453,424 surveys completed (from 61,421 people)
• 242,776 vital signs (from 40,918)
• 87,482 lab results(from 14,221)
Participant-triggered device measurements
• 1,336,158 weights (from 3,656)
• 302,537 blood pressures (from 2100)
• 18,657 EKGs from Alivecor (from xxx)
Passively collected device/app measurements
• 3,244,488 daily step counts (from 7,823)
• 314,519 days of movement/communication patterns (from 2,263)
• 2,429 possible hospitalizations from 179 hospitals 
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Variable levels of 
participation



Measurements collected
As of 11/10/17

Weight
• 48,741 self-reported (from 37,977)
• 1,336,158 device (from 3,656)

Blood pressure
• 39,847 self-reported (from 25,092)
• 302,537 device (from 2,100)

n/N
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Weight
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• 1,336,158 device (from 3,656)

Blood pressure
• 39,847 self-reported (from 25,092)
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1.3
365
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144

Much more efficient (and less error-prone) to get 
measurements directly from a device... 



Meanwhile…
• “Mobilizing Research” Award from NIH





Eureka Research Platform

Aims:
1) Create infrastructure for efficient mHealth

research
2) Build cohort of engaged participants willing to 

volunteer
3) Governance, tech, procedures to support rapid 

access, data sharing, integration with other 
projects

4) Financial sustainability



Eureka Research Platform

Features
1) Web portal and app, with synchronized back end







Participant Interface Cloud Backend Study Team Interface

Synchronized Experience

Reports & Data Export

Study & Participant Management

Synchronized and integrated



Eureka Research Platform

Features
1) Web portal and app, with synchronized back end
2) Single sign-on registration system



Enables multi-study engagement
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Eligibility/Understanding Check



Video Consent Signed ConsentSimple Consent
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Messaging

• Timed vs. event-triggered
• Modality options

• Email/text/app push notification
• Participant preferences (text messaging enabled?)

• Reminders or actual study interventions



Eureka Research Platform

Features
1) Web portal and app, with synchronized back end
2) Single sign-on registration system
3) Flexible consent sequencing
4) Deliver online surveys, eVisits, randomization 
5)   Email/text/app-based programmable messaging
6)   App- and sensor-based data collection















Eureka Research Platform

• 10 studies launched
• 7 slated for launch by end of year
• 43 more in pipeline

• Ready for business!  (though some hiccups)
• http://info.eurekaplatform.org/

http://info.eurekaplatform.org/


Activity data

• Is step count data useful?

• 4668 consented to connect Fitbit account with 
Health eHeart Study



Mean=7618



Big Data
Example: Health eHeart Fitbit data

Average of Averages = 
7618 steps/day

Mean=8172



Steps by the minute

• Fitbit also provides step counts by the minute for 
researchers through their API
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Big Data
Example: Health eHeart Fitbit data

Average of Averages = 
7618 steps/day

- People walk to meetings…

Distribution of minutes in the day with non-
zero step counts
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Big Data
Example: Health eHeart Fitbit data

Average of Averages = 
7618 steps/day

↓ Running?



Big Data
Example: Health eHeart Fitbit data

Average of Averages = 
7618 steps/day

“Slow walking”
2-3.1 METS

“Brisk walking”
2.9-5.5 METS

“Vigorous 
walking/jogging/
running”
6.9-13 METS

Alex Beagle, UCSF Medical School



Activity, con’t

• We also have survey data
• IPAQ – International Physical Activity Questionnaire

• Minutes sitting, walking, moderate and vigorous activity 
per week

• METS/day

• Does Fitbit data correlate?
• Which is “better”?

Alex Beagle, UCSF Medical School



Alex Beagle, UCSF Medical School



Fitbit version

IPAQ version

Alex Beagle, UCSF Medical School



Alex Beagle, UCSF Medical School



Which predicts BMI more 
strongly?
• Head to head comparisons in adjusted models:

BMI units per 1 SD change in activity
Overall R2 added

Fitbit -1.19 (-1.82- -0.56) .044
IPAQ -0.29 (-0.18- -0.23) .003

Alex Beagle, UCSF Medical School



Fitbit steps versus MS disability

Block VJ et al. Journal of Neurology 2017;264:316-26 https://www.ncbi.nlm.nih.gov/pubmed/27896433

https://www.ncbi.nlm.nih.gov/pubmed/27896433


Fitbit steps versus MS disability

Block VJ et al. Journal of Neurology 2017;264:316-26 https://www.ncbi.nlm.nih.gov/pubmed/27896433

New Fitbit “StepsCore” 
Core Facility for MS 
studies

https://www.ncbi.nlm.nih.gov/pubmed/27896433


Using smartphone sensors

• Everybody has a smartphone (?), and they have 
built in sensors

• Location, accelerometers, camera, use indicators

• And they are programmable

• Can we use smartphones to collect useful data for 
research?



Validation of a 6MWT app

Brooks et al.  Circ Heart Fail 2015;8(5):905-13. PMID 26283292



Smartphone screen time

Christensen et al. PLoS One 2016; 11(11): e0165331

Higher average screen time in African-Americans than Whites



App-detected hospitalizations

Nguyen et al. Circ Cardiovasc Qual Outcomes 2017;10(3):e003326

3443 ppts with app
in all 50 states

243 hospitalizations
at 119 hospitals

PPV = 65% (57%-72%)



• Can we use mHealth data together with EHR data?



mHealth + EHR data

• Synergy
• In medical center + out of medical center
• mHealth data to fill in the blanks between visits
• Patient-reported outcomes along with physician-

reported outcomes



mHealth + EHR data

• Synergy
• In medical center + out of medical center
• mHealth data to fill in the blanks between visits
• Patient-reported outcomes along with physician-

reported outcomes

• Main challenge
• How do we access both, and link



mHealth + EHR data

• Example: The PCORnet Blood Pressure Control 
Laboratory



The PCORnet Blood Pressure 
Control Laboratory
• Goal: Enable efficient RCTs of blood pressure control

• Aim 1: An EHR-based BP control registry
• Clinic-level stats on BP control and process measures

• Aim 2: A cluster-RCT comparing 2 versions of a QI 
intervention

• Clinic-level stats will be the outcomes for the trial

• Aim 3: An individual-level RCT comparing 2 different 
home BP monitoring devices (with and without smartphone 
linkage)

• Need to link EHR data with mHealth data



• How will we link EHR data with mHealth data?



mHealth + EHR data

• “Golden Ticket” System
• EHR data search to find eligible ppts

• Send individualized invitations with a Golden Ticket
• Unique linkage ID on ticket or email

• Individual enters Golden Ticket # when they enroll in 
Eureka



mHealth + EHR data

• Experimenting with “Eureka on FHIR”

• FHIR API at UCSF now enabled
• Eureka can pull FHIR data for UCSF patients



mHealth + EHR data

• Experimenting with “Eureka on FHIR”

• FHIR API at UCSF now enabled
• Eureka can pull FHIR data for UCSF patients

• Could we do a multicenter Eureka on FHIR study?



Collecting Real-World Evidence at UC

• PCORnet 2.0 continues to develop; we are no longer 
formally involved

• Will CTSA Consortium efforts reach fruition?
• New CD2H has some momentum?  ACT?

• How can we use our Cross-UC data warehouse to 
support pragmatic trials?

• EHR queries + Recruitment + Eureka/other
• Governance, services, contracting
• Lessons to be learned from others…



Thanks

• Questions or comments?
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