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Patient self-care innovation happens outside traditional clinical workflows 

mhealth can transform previously unmeasured behaviors and practices into  
personalized, evidence-based, and evidence-producing care
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•3 lifestyle behaviors (poor diet, lack of exercise, smoking) cause 
1/3rd of US deaths; 50% Americans have 1 or more chronic 
diseases; age of onset getting younger.  

•mHealth apps allow care support/data collection 24x7--chronic 
disease prevention/management/research as part of daily life

•affordability/adoptability could support groundswell of medical 
discovery, evidence-based practice about treatment/prevention

Why mobile/mHealth?

vision: support individuals, communities, clinicians to continuously 
improve patient-centered, personalized, health and healthcare

mobile devices offer proximity, pervasiveness, programmability, 
personalization
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• A woman who is pre-diabetic tracks how eating/exercise habits 
affect weight and fatigue; also explores effective, comfortable blood 
pressure Rx dosage.

• A young man who is struggling to find a treatment plan for 
depression believes medication dose is ineffective; doctor blames 
poor sleep habits/non-adherence. Patient self-monitoring includes 
medication reminder/verifications, sleep survey, activity traces, to 
guide adjustments in care plan, discussion of root causes.

• A middle-aged woman who does not respond well to medication for 
psoriasis monitors diet, stress, environmental factors; initiates data 
campaign via social networking site for psoriasis sufferers. Each 
volunteer runs mHealth app for 2-months to create large data set to 
mine for patterns that precede flare-ups. 

• A group of high schoolers with asthma map their inhaler use and 
make a case for shifting Track practice to an alternate location 
farther from the freeway  

Whose mHealth?
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Automatically prompted, geocoded, uploaded, 
analyzed:

- physiological (weight, BP, glucose...)

- patient reporting (medication, 
  symptoms, stress factors)
- activity (location traces, exercise, sleep)
- contextual, environmental, 
  social factors

Technical challenge to extract relevant 
features, trends, patterns, anomalies

Integrated personal data streams will create Living Records

Processed/filtered personal data streams would become part 
of emerging PHR/EHRs (complementary not duplicative)
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Multiple choice
Scale 
Free text
Exercises

Many common mechanisms apply across mHealth applications
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Participatory design: 
AndWellness functionality shaped by focus groups, interviews

7Ramanathan et al

AndWellness
ApplicationServer

<survey>  
  <title>Alcohol</title>
  <prompt>
  <text>How many drinks did 
you have today?</text>
  </prompt>
</survey>

Survey Authoring

Image Capture

Stress, Eating Buttons

GPS ACCELEROMETER

Smart Classifier

Actigraphy

Survey Input

Trigger Authoring
trigger logic as function of 

location, time, activity, 
prompt responses

>100 (somewhat) diverse participants: young moms, young 
men living with HIV, immigrant women, breast cancer 
survivors, and recruited UCLA student testers
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Notable feature requests

• Images: Moms LOVED this feature for food, SA 
women did not. 

• Triggers: Control of timing important to all--need 
trigger authoring and personalization

• Buttons: Most moms willing to answer at least 
briefly ‘in the moment’, while SA women almost 
all wanted to answer only at the end of the day.

• Feedback: Very few interested in seeing simple 
quantifications of their responses. Helpful tips 
and motivational messaging most popular. SA 
explicitly preferred *against themselves* vs 
competitive feedback with group. 

• Server vs Phone: Very few willing/interested to 
access server. Most wanted interaction solely on 
phone.

Ramanathan, Swendeman, et al
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andwellness.org

Java 6 + Tomcat 6 + 
MySQL 5.1

Internet

AndWellness system implementation

9

Server

JSON/HTTPS

JSON/HTTPS

Smartphone

Web Browser Clients

AndWellness

andwellness.org

Java 6 + Tomcat 7 + 
MySQL 5.1

RApache for datavis

Ramanathan, Selsky, et al

What lies behind exposed API calls could be 
written in any programming language.

Server-side defined by HTTP APIs: GET and POST 
using JSON, standard HTTP data packaging
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Key research challenges

• Health sciences community: 

– Establish validity and reliability of mHealth instruments

– Derive efficacy evidence base from rich usage, system analytics

– Behavior change: defining, implementing, and adapting interventions that 
support sustained and beneficial change across populations

• Technical community: 

– Infovis: analysis, presentation, visualization, for self, clinician, researcher 

– Resource management, efficiency (enable full-day phone operation with 
background activity and data capture)

– User modeling for activity classification, context, triggers

– User engagement/experience: motivate sustainable user participation with 
game mechanics, adaptive interfaces

– Selective sharing, usable privacy tools

– Open systems

10
Ramanathan,  et al
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Open mHealth System: functional components

EHR/PHR, social media
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Summary 
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Aggregate
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layers
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tervention 
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Current 

Stacklets

Activity 
classification

InfoVis
extract and present relevant trends, patterns, anomalies, correlations across 

diverse data streams and to diverse audiences

Needs: pre-processing, feature extraction, integration with machine 
learning libraries and statistical analysis tools, incorporation of 
external datasets, geo-spatial analyses, informative and configurable 
presentation
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Mobile App Personal 
Data Vault

Third Party 
Services

- Data Capture / Upload
(Prompted, Automated)

- Reminders

- Feedback, Incentives

Well defined interfaces allow
mobile functions to be mixed,
matched, and shared

- User Identity and 
Authentication

- Long-term Data 
Management

Patient defined selective 
sharing with Open mHealth 
Server function

- Analytics for Personal
Data Streams

- Interface to Clinical Care
Plan, Personnel

- Integration with EHR/PHRs

- Cross Patient Aggregation

Well defined interfaces allow
analytics functions to be mixed,
matched, shared, compared

Personal Data Vault (PDV): 
allow participants to retain control over their raw data by 

decoupling capture and sharing

vault + filters = granular, assisted control over what/when you send 
to whom, what data says about you, whether you reveal who you are or 
share anonymously, ... M. Mun, et al, CONEXT 2010
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Importance of an open platform: 
avoid silos, promote innovation and transparency

Bootstrap rapid cycle of learning, sharing, deployment
-~80 % (guesstimate) system components reusable

Facilitate research in methodology, treatment
-Systems gather usage data automatically for evaluation, iterative improvement
-Encourage modularity and reuse/sharing in methodologies, practice

Development in the context of real applications and use
-Collaborative/participatory design process and continual feedback from use
-Diverse targeted pilots inform generalization, adaptation, expansion.

Explore balancing of privacy protection and data sharing
-Variety of privacy/sharing policies
-Transparency of research and data processes for participants
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8Swiernik, Estrin, Sim, et al

An open modular system is critical to foster rapid and meaningful 
exploration and innovation

http://openmhealth.org

 Support systematic learning through shared methods and tools 

It takes more than just a mobile app
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Crowdsourcing what matters

• (Complexes of) Exposures
• does chocolate trigger (my) asthma?
• testing common regimens (ACEI, statin, b-blocker), complementary medicines

• (Complexes of) Outcomes
• what outcomes do patients care about?
• share validated instruments (e.g., PROMIS)
• develop and test instruments as a community

• (Complexes of) Novel techniques
• mobility traces as a biomarker/metric/indicator of disease symptoms: 

depression, fatigue, pain, …?
• social media and gameification as tool for sustained health behavior change
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Closing remarks

• mHealth ecosystem can become a learning community enabled by an open 
architecture, to more effectively innovate, share, and deploy best 
technology and best practices for improving individual and population health

• Requires open, iterative, co-development of innovative methodologies and 
technologies

http://openmhealth.org

- D Estrin, I Sim. Open mHealth Architecture: An Engine for Health Care Innovation. Science Magazine, Nov, 2010.
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