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General description 
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Health	Carlos	III	of	Spain.	(1998-2010)	
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mHealth and Participatory Medicine 
•  Digital health (participatory) technologies  

–  smartphone apps,  
–  personal sensing devices,  
–  direct-to-consumer e-services  
–  social media 

•  Health Informatics is moving into new territories, beyond provider-generated 
clinical data - PGHD (Patient-generated health data)  
1.  Monitoring of individual environmental health risk factors. Exposome 
2.   Participatory Medicine   

•  This module will examine how participatory health technologies and informatics 
can contribute to generate richer and more robust data sets for biomedical 
and clinical research about health conditions, health interventions, and health 
outcomes.  

•  These new sources of individual big and small data (continuous, 
comprehensive and personalized) pose great challenges for Health Informatics 
and will require new approaches to data collection, storage, standardisation, 
integration, analysis and visualisation.  

accessible and 
affordable for 

individuals 
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Person-Generated Health Data 

7	

•  Gregory Abowd (2011) predicted “within 5 years, the 
majority of clinically relevant data...will be collected outside 
of clinical settings.”  

•  PGHD—health-related data created, recorded, or gathered 
by or from individuals to help address a health concern 

•  Individuals are responsible for recording data and decide how to 
share it (Personal Health Data) 
 
 
 

Poten9al	Benefits	 Challenges	
	

• Personalized/	preventa7ve	medicine	
• Reduc7on	of	unnecessary	pa7ent	visits	and/
or	hospital	admissions	
• Easy	and	con7nuous	monitoring	
• A	cheap	treatment	for	many	chronic	diseases	

	

• Verifying	measurement	validity		
• Lack	of	standardiza7on	(interoperability)	
• Specific	challenges	for	clinicians			
• Specific	challenges	for	pa7ents		
• Financial	and	technical	
• Legal	

Mark	Liber	
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Dr.	Eric	Topol	
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A different way to recruit research 
participants 

•  For a recent breast cancer study, epidemiologist Kathryn H. 
Schmitz of the University of Pennsylvania sent out 60,000 
letters—and netted 351 women. Walking each participant 
through the paperwork took 30 minutes or more. Such inefficient 
methods of finding test subjects have been the norm for medical 
research. 

•  Apple, working with Stanford University School of Medicine, 
developed MyHeart Counts, an app for monitoring cardiac 
health. Within the first 24 hours, 10,000 participants signed up 
for the study.  

•  Kelton and Makovsky Health -fifth annual “Pulse of Online 
Health” found that 66 percent of Americans would use a mobile 
application to manage health-related issues. 

•  The patient’s voice has largely been missing from most of the 
design and the focus of clinical studies (Ken Mandl, Harvard).  

•  Citizen science, participatory health 
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Contents 
•  Introduction to Participatory Medicine  
•  Participatory technologies and the individual exposome (mobile Health 

and the Self-Quantification as new sources of Big -and Small- data)  
•  Participatory Health Informatics  

–  From Sensors to information  
•  Data collection  

ü  Hardware (sensors, portable devices, smartphones)  
ü  Software (Apps, Healthkit, Carekit, ResearchKit, ResearchStack)  

•  Data storage  
•  Data aggregation and integration (Apple Health, Validic, Shimmer, Open mHealth, ohmage-

omh, Wolfram Connected Devices project, Samsung ARTIK Cloud, Qualcomm Life, Human 
API, EHR integration aspects)  

–  From Information to Knowledge  
•  Data access  
•  Data analysis  
•  Data visualization  

–  From knowledge to Application (relevant initiatives)  
•  Health eHeart study,  Google Baseline, 100K Wellness Project, Precision Medicine Initiative, 

Health Data Exploration and Network, mPower study, Open Humans, N-of-1 (single subject) 
studies, BD2K Centers of Excellence (emobilize, MD2K)  
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Research	
Insights	



12 BDC4CM - mHealth & Participatory Medicine 

Introduction to 
Participatory 
Medicine 
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Current challenges in Medicine 

•  Need	of	earlier	diagnosis			
•  More	personalized	therapies	
•  Clinical	trials	and	the	development	of	new	

drugs	need	to	be	faster	and	more	effec7ve	
•  Improve	disease	classifica7on	systems			
•  Risk	profiling,	disease	predic7on	and	

preven7on			
•  Control	health	system	costs		
•  Ci7zens	should	take	more	responsibility	for	

the	maintenance	of	their	own	health.	

àEmphasis	on	preven9on,	not	cure	

Personalised 
medicine 

Participatory 
Health 

Precision	
medicine	
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Conference PHC 
To	offer	a	forum	to	learn	and	discuss	how	health	informa7cs	and	informa7on	
technologies	can	be	successfully	applied	to	encourage	individuals	to	play	a	more	ac7ve	
role	in	their	health.		
	
This	will	enable	coopera7ve	models	of	care	that	have	the	poten7al	to	contribute	to	
more	preven7ve	approaches,	becer	disease	management,	health	promo7on	and	
control	of	health	system	costs.		
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Also Known As…  

• Personalized preventive health 
maintenance 

• Participatory medicine   
• Patient-centric  care 
• Democratization of health 

information 
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The Convergence of the Digital 
Revolution and Medicine 

•  We	are	witnessing	the	impact	of	the	
digital	revolu7on	in	other	domains	
(banking,	insurance,	leisure,	government,
…)	

•  Although	digital	technology	has	greatly	
affected	healthcare	at	the	hospital	or	
research	centre	level.		

•  The	digital	revolu7on	has	not	yet	reached	
medicine	at	the	pa7ent/ci7zen	level		

• THIS	IS	STARTING	TO	HAPPEN	
NOW	!!!	
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Availability of devices, sensors, apps,  
DTC services and Social Networks 

Wearables	

Sensors	

DTC	lab	tests	

Apps	
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History of Participatory Health 

•  Tom Ferguson MD (died in 
2006)  

•  Coined the term e-patient 
•  “e-patient: how they can help 

us to heal health care” 
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History of Participatory Health 

•  September 2009 – California Healthcare Foundation 
Report: “Participatory Health: Online and Mobile 
Tools Help Chronically Ill Manage Their Care” 

•  “Partnership between patients and providers and 
trusted experts, one in which participation is enabled 
and enhanced by technology and information” 

•  “Patients are the most under-utilized resource, and 
they have the most at stake. They want to be 
involved and they can be involved. Their participation 
will lead to better medical outcomes at lower costs 
with dramatically higher patient/customer 
satisfaction”          

            Charles Safran MD 
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History of Participatory Health 

Par7cipatory	Health	
mobile		

Social	networks	

sensors		

	games	

Internet	of	things		

self	tracking	devices		

PHR 

2009.	à	Pa7ents	empowered,	informed	and	involved	in	decision	making,	
preven7on	and	learning	
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Definition 

Society for 
Participatory 

Medicine 

Regina	Holliday	

“Movement	in	which	
networked	pa3ents	shi5	from	
being	mere	passengers	to	
responsible	drivers	of	their	
health,	and	in	which	medical	
care	providers	encourage	and	
value	them	as	full	partners”.	
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E-patients 

•  Gimme my damn data! 
•  The patient will see you now… 
•  Let patients help 
•  Nothing about me without me! 

•  Dave de Bronkart 
•  Regina Holliday 
•  Hugo Campos 
•  Salvatore Iaconesi 
•  Stephen Keating 
•  Sonia Vallabh & Eric Minikel 
•  Stephen Damiani 
•  Matt Might 
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Nightscout	(CGM	in	the	Cloud)	is	an	open	source,	DIY	project	that	allows	real	9me	
access	to	a	CGM	data	via	personal	website,	smartwatch	viewers,	or	apps	and	widgets	
available	for	smartphones.	

Dana	Lewis	and	her	
husband	Scoc	Leibrand	
invented	the	
Do	It	Yourself	Ar7ficial	
Pancreas	System	(#DIYPS)			
	
She	then	took	it	a	step	
further,	founding	the	
#OpenAPS	movement	to	
make	safe	and	effec7ve	
basic	Ar7ficial	Pancreas	
System	technology	more	
widely	available	(and	
sooner).	
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IOM Workshop & Report 2013 

Partnering	with	Pa3ents	to	Drive	Shared	Decisions,	
BeBer	Value,	and	Care	Improvement	-	Workshop	
Proceedings	

Shared		
decision		
making	



EMPOWERMENT	

• DTC	Genome	/	Microbiome	
• DTC	Dx	tes7ng	/	Check-ups	
• Personal	medical	image	management	
• Personal	sensing	and	monitoring	(QS)	
• Pa7ent	reported	outcomes	

Data	collec7on	

• PHR	/	EHR	(Clinical	notes)	Data	storage	and	
access	

• Crowdsourced	clinical	trials	
• N-of-1	studies	
• Ci7zen	Science.	Data	dona7on	
• Social	media	

Data	sharing	and	
use	

Pa9ent	–	data	interac9on	

Feel	informed	
about	your	health	

Comfortable	
asking	your	
provider	
ques7ons	

Provider	
usually	
explains	
things	in	a	
way	you	

understand	

Confident	
that	you	can	

make	
healthcare	
decisions	

Pa9ent	–	physician	interac9on	
(IOM	Workshop	&	Report,	2013.	Partnering	

with	Pa3ents)	

Connectedness	 Con7nuity	

Engagement	
Shared	decision-

making	
Self-

management	
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Research and events 

JMIR	
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Interest from Governments 
Australian  
PCEHR 
myHealth 
Record 

People are 
managing their 
own health 
better. 
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Personal Genomics & Microbiome 
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Personal diagnostic testing 
•  “Test at home, treat online” 
•  Urinary tract infection, strep throat, flu, cholesterol, 

Lyme disease, Mono, sexually transmitted 
diseases, pregnancy, yeast infections and others. 

•  (Not yet evaluated by regulatory agencies)  
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Personal medical image management 
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•  Self tracking / self quantifying / self 
monitoring 

•  The belief that gathering and analysing data 
can help them improve their lives! 

•  Groups 228, Members 67K, Cities 89, 
Countries 31  

•  Quantified Self is a collaboration of users 
and tool makers who share an interest in self 
knowledge through self-tracking.  

•  There are three main “branches” to our work. 
–  The Quantified Self blog and 

community site.  
–  Show and Tell meetings (Meetup 

groups) - 
–  Quantified Self Conferences (US and 

Europe 
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Personal Health Records 
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Open Notes – Patients reading Doctor’s notes 
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Open Notes – Patients reading Doctor’s notes 

•  Individuals	with	access	to	their	health	informa7on	are		
•  becer	able	to	monitor	chronic	condi7ons,		
•  adhere	to	treatment	plans,		
•  find	and	fix	errors	in	their	health	records,		
•  track	progress	in	wellness	or	disease	management	programs,	
and		

•  directly	contribute	their	informa7on	to	research.		

Individuals’	Right	under	HIPAA	to	Access	
their	Health	Informa9on	45	CFR	§	164.524	



37 BDC4CM - mHealth & Participatory Medicine 

Crowdsourced clinical trials  

•  Clinical	Research	with	the	pa7ents,	not	on	the	pa7ents	
•  Examples	

–  23andMe	–	Parkinson’s	Disease	–	PLoS	Gene9cs,	2	new	gene9c	
associa9ons	

–  Pa9entsLikeMe	–	Nature	Biotech.	Self-reported	data	from	600	pa9ents	
on	the	use	of	lithium	for	Amyotrophic	Lateral	Sclerosis	(ALS)	

–  Acor,	Revolu9onHealth,	Curetogether,	Genomera,	Althea	Health	



38 BDC4CM - mHealth & Participatory Medicine 

Patient reported outcomes 

•  Health services 
and outcomes 
research 

•  Measuring quality 
of care from the 
patient 
perspective 

NHS PROMs 

NIH 
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Shared decision support  
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The Blue Button and Blue Button + 

The	Blue	Bu[on	is	a	symbol	for	pa7ents	to	
view	online	and	download	their	own	personal	
health	records.	

Blue	Bu[on+	extends	the	Blue	Bucon	concept	
to	include	a	standardized	data	format	and	
addi7onal	func7onality	

Meaningful	use	–		
V/D/T		
View/	
Download/										Transmit.	
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Visualisation tools 

healthdesignchallenge	
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Tensions 

Pa7ent	advocates	Clinicians’	resistance		
to	change	
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MEDICINE	 PARTICIPATORY	HEALTH	

Provider-centric	 Pa7ent	or	Consumer-centric	

Cura7ve	 Proac7ve	

Passive	role	of	the	pa7ent	 Ac7ve	

Clinical	decision	making	 Shared	decision	making	

Electronic	medical	record	 Pa7ent	Health	Record	

Adherence,	compliance		vs																ac7va7on	
Literacy																											vs																			Clarity	
Research	n=they												vs														n=me	and	n=we	

Pa7ent-generated	data	
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AMA  
•  it must be recognised that as 

a design feature of the 
PCEHR, patient control 
means that the PCEHR 
cannot be relied on as a 
trusted source of key clinical 
information.  

•  The absence of specific 
remuneration for medical 
practitioner contribution to the 
PCEHR reinforces the need to 
ensure that using PCEHR 
functions does not impose any 
additional workflow 
requirements on them.  

Consumer Health Forum, 
Consumer e-health Alliance 

•  The ‘personally 
controlled’ aspect of the 
eHealth record is what 
makes it such a powerful 
consumer resource. 

•  Patients and potential 
patients – health 
consumers – must be 
informed and engaged as 
the ultimate users of the 
PCEHR. 

Submissions to Australian PCEHR 
Review - Nov 2013 
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US Doctors were the most open toward patients 
updating the information in their EHRs 
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Evolution 

	Shenkin	B,	Warner	D.	
	Giving	the	pa3ent	his	
	medical	record:	a	proposal	
	to	improve	the	system.		
NEJM,	1973		
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Patients / citizens / scientists /  

•  Stephen Keating 
https://exponential.singularityu.org/medicine/can-selfies-save-us-
with-steven-keating/ 

•  Regina Holliday 
https://vimeo.com/24857924 

•  Matt Might 
http://healthsciences.utah.edu/innovation/algorithms/2015/five.php 
http://matt.might.net/articles/my-sons-killer/ 
•  Stephen Damiani 
http://www.missionmassimo.com/ 

•  Sonia Wallabh & Erik Minikel 
https://www.youtube.com/watch?v=ni4RRMz2mJQ 
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Participatory 
technologies and 
the individual 
exposome 
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P = G * E  

Exposome	

Genome	

Phenome	
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Genotype * Expotype à Phenotype 

Coriell	Personalised	Medicine	Collabora3ve	

Marc	Rubin,	
Nature	2015	
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Genome / Genotype Exposome	/	Expotype	

Phenome	/	Phenotype	

Biomarkers	(DNA	sequence,	
Epigene7cs)		

Environmental	risk	factors		
(pollu7on,	radia7on,	toxic	agents,	…)	

Anatomy,	Physiological,	biochemical	parameters	
(cholesterol,	temperature,	glucose,	heart	rate…)	

Social media / Personal health record / EMRs / Research Repository 

Digital health 
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Personalized	
Medicine	

Data	sources:	

Precision	
Medicine	

New	data	sources,	PGHD	
Exposome	
(environmental	data)	
Metabolomics	
Proteomics	
Microbiome	
Epigenome	
	
	

Genomics	(genomic	
variants)	
Phenotype	(clinical	records)	

Personalized vs Precision Medicine 

PM	combines	the	knowledge	of	the	pa7ent’s	characteris7cs	with	tradi7onal	medical	records	and	
environmental	informa7on	to	op7mize	health.	
		
PM	does	not	only	rely	on	genomic	medicine	but	also	integrates	any	other	relevant	informa7on	such	as	
non-genomic	biological	data,	clinical	data,	environmental	parameters	and	the	pa7ent’s	lifestyle.	

Servant	N	et	al.	Front	Genet.	2014;	5:	152.	
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Role of Biomedical Informatics in 
the PMI 

–  Emerging approaches to disease prevention, 
diagnosis, and treatment through detecting, 
measuring, and analyzing individual variations 
in molecular, genomic, cellular, clinical, 
imaging, behavioral, physiological, and 
environmental data.  
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Final remarks 

•  Precision medicine enables a safer, more 
efficient, preventive and proactive 
medicine, but needs to tackle the 
complexity and diversity of personal health 
information, beyond the genome 
sequence. 

Topol	E.	Cell	2014	
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Data flow  
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Participatory Health 
Informatics 
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From sensors to 
information 
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Data collection 
mApps 
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Choosing	the	best	app	
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Mobile-health apps 

•  There are now around 165,000 health-related apps 
which run on one or other of the two main 
smartphone operating systems, Apple’s iOS and 
Google’s Android. PwC, a consulting firm, forecasts 
that by 2017 such apps will have been downloaded 
1.7 billion times (The Economist) 
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The	Evolving	Landscape	of		
Medical	Apps	in	Healthcare	
	
hcp://hitconsultant.net/2014/06/23/the-
evolving-landscape-of-medical-apps-in-
healthcare/	
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JAMA  
Article 
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Evaluation - IMS Institute 
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Evaluation – RankedHealth.com 

MIT	
Hacking		
Medicine		
Ins7tute	
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Evaluation - MARS 
•  Mobile App Rating Scale: A New Tool for Assessing 

the Quality of Health Mobile Apps 
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Evaluation - FDA 
•  The US Food and Drug Administration (FDA) has 

paid close attention to mHealth apps, because it has 
regulatory authority over their safety. 

  
•  The agency recently clarified that mHealth apps 

acting as medical devices or as accessories to 
medical devices will require FDA approval, whereas 
apps that provide users with the ability to log life 
events, retrieve medical content, or communicate 
with clinicians or health centers will not be regulated 
under its jurisdiction. 

US	Department	of	Health	and	Human	Services,	Food	and	Drug	
Administra7on.	Mobile	Medical	Applica3ons:	Guidance	for	Industry	and	
Food	and	Drug	Administra3on	Staff.
hBp://www.fda.gov/downloads/MedicalDevices/
DeviceRegula3onandGuidance/GuidanceDocuments/UCM263366.pdf.	
September	25,	2013.	Accessed	January	3,	2014.	
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mHealth Evidence 

•  Resource for cataloging, categorizing and grading 
mHealth evidence 

–  Peer-reviewed and grey literature on mHealth activities in developed and 
developing countries 

–  Curated 
–  Classified using a harmonized taxonomy 
–  Scored based on objective criteria 
–  Easily filtered and searchable 

•  Facilitate the identification of evidence-based, high-impact mHealth practices 

•  Launched by Johns Hopkins University via the federally 
funded Knowledge for Health project (5 years, $40 
million) 

•  Partners 
–  Center for Communication Programs (JHU·CCP) 
–  WHO mHealth Technical & Evidence Review Group (mTERG)/JHU Global 

mHealth Initiative (GmI) 
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My Health apps 

It	has	been	launched	by	pa7ent	research	firm	Pa7entView	in	partnership	
with	GSK,	Janssen,	Novo	Nordisk	and	telecoms	companies	O2/Telefonica	Europe	
and	Vodafone	Founda7on.		
307	apps,	which	have	been	selected	by	456	pa7ent	groups,	disability	groups	or	
empowered	consumers	
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Health app directory 

Pa7entView's	European	Directory	of	
Health	Apps	2012-2013			contains	
mobile	apps	across	62	health	
speciali7es	and	features	apps	in	32	
different	European	languages.	
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WHO mHealth Technical Evidence 
Review Group 

•  Guidelines for reporting of health interventions 
using mobile phones: mobile health (mHealth) 
evidence reporting and assessment (mERA) 
checklist 

•  BMJ 2016; 352 doi: http://dx.doi.org/10.1136/
bmj.i1174 (Published 17 March 2016) Cite this as: 
BMJ 2016;352:i1174 
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WHO mHealth Technical Evidence 
Review Group 
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Creating and prescribing personalized apps 
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Software  

Apple	 Google	 Cornell	
Tech	 Samsung	

DB	
smartphone	

	
HealthKit	

	
Google	Fit	

	
S	Health	

Apps	for	
researchers	

	
ResearchKit	

	
	
Study	Kit	

(Baseline)	

	
	
Research	
	Stack	

	

Apps	for	
consumers	

	
	
CareKit	

	
OHMAGE-omh	
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Software 

•  ResearchKit	(Apple)	and	ResearchStack	
(Android)	are	open	source	frameworks	for	
researchers	to	inform	and	consent	pa7ents,	and	
to	collect	personal	health	data	from	par7cipants	
in	trials.		

•  ResearchKit/ResearchStack	have	out-of-the	box	
func7onality	for	pa7ent	consent,	surveys	for	
Pa7ent	Reported	Outcomes	and	collec7ng	
health	data	from	sensors	in	the	phone	or	
devices	connected	to	the	phone.	
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Data collection 
SQSs 

(wearables, 
mobile sensors, 
Quantified Self) 
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•  Human Genome Project 
 
DNA Sequencer – designed to 
sequence the entire human 
genome in a day for $1,000 
 
DTC genomics – 23andMe, 
$100 
 
Microbiome 

Collecting individual genome data 

Benchtop	Ion	Proton™		
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Measuring the phenome (physiology, …) 
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•  Compila7on	of	exposures	experienced	over	an	
individual’s	life7me	(Christopher	Wild,	2005)		

•  Industrial	chemicals,	combus7on	emissions,	radia7on,	
response	to	stress,	physical	ac7vity	levels	–	heat/cold,	
noise,	food,	microbiome	

• Evalua7ng	Personal	Exposures	
• Phones:	Light	meters,	GPS,	Accelerometer	
• Senspod	Monitor	(Ozone,	carbon	monoxide,	CO2,	
NO,	Noise	and	UV)	

• Petroleum	derived	hydrocarbons	(Benzene,	
Toluene)	

	

Measuring the Exposome (environmental risk) 
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Quantified Self: The concept 
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Quantified Self: The community 
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New market 

By	2018,	81.7	million	users	will	own	a	wearable	fitness	device,	according	to	eMarketer.	
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The Quantified Self community 
•  Quantified Self is a collaboration of users and tool 

makers who share an interest in self knowledge through 
self-tracking.  

•  We exchange information about our personal projects, 
the tools we use, tips we’ve gleaned, lessons we’ve 
learned. We blog, meet face to face, and collaborate 
online. There are three main “branches” to our work. 

–  The Quantified Self blog and community site.  
–  Show and Tell meetings (Meetup groups) - Melbourne 
–  Quantified Self Conferences (US and Europe) 

•  Groups 228, Members 67,719, Cities 122, Countries 38 
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Motivation 

•  You can't improve what you can't 
measure P. Drucker... 

•  Using mobile and wearable digital 
devices to collect data on one's body 
function and everyday activities 

•  Self tracking through technology to 
improve health and medical conditions 

•  To reveal patterns and correlations 
that can help you improve your life 
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The IBES SELF-OMICS Project 

•  Addressing the information and communication needs of the 
‘quantified individual’ for enabling participatory and 
personalised medicine 

•  Funded by IBES (Institute for a Broadband Enabled Society) 
- 2012-2013 

•  Resources: 

http://www.broadband.unimelb.edu.au/health/monitoring/selfomics.html 
http://www.scoop.it/t/selfomics 
http://pinterest.com/hbir/self-omics-self-monitoring-quantified-self-omics/ 
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QS Lab 
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How to find the best SQS… 
•  Wellocracy.com 
•  Wareable.com 
•  vandrico.com/wearables/ 
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Samsung Welt 

And	other	437	devices	from	304	companies	
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White Paper 

hcp://www.broadband.unimelb.edu.au	

Ac7vity	Theory		
											+	
	Pa7ent	Ac7va7on	
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Classification of self-quantification systems 

•  Capture	data	directly	from	the	user	
(Primary	or	Secondary)	

•  Sensor	Loca7on	(Mobile	or	Fixed)	
•  Involve	skin	pricking	(In-contact	or	On-
body)	

•  Data	type	(Environmental	or	Touchless)		
•  Loca7on	of	data	integra7on	(Sosware-
based	or	Hardware-based	integra7on)	

•  Loca7on	of	data	
visualisa7on(Standalone,	etc.)	
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Classification of Data and Activities 
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Device	Sample	

Data	

Where is 
it  stored 

Units 

Location 

Time 

Body part 
(FMA) 

Method 

Name 
 Model 

Manufacturer 

Technical 
Specs 

Taxonomy 

Body structure 
Body function 
Around body  

(based on WHO) 

Who/Which part/
Where/When? 

What 

How? 

Processed 

Raw 

Minimum Information about a  
Self Monitoring Experiment (MISME) 

Procedures 

EXPERIMENT	

Measurement	
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Data integration methods 

PCEHR	

Integrated 
Analysis 

Individual	analysis	

All-in-one-
Platforms 
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Terminology 
•  Self-quantification, converting manually or automatically the 

collected data into numbers or categories. 
•  Self-monitoring, on the other hand, is more like watching a 

specific health factor to ensure keeping it at a satisfactory 
level and this requires regular medical interventions such as 
monitoring blood glucose. 

•  Self-tracking or life-logging can be described as continuous 
recording of one or more health factors for future use.  

•  For example, keeping diaries is a form of self-tracking while 
turning these unstructured data into numbers and categories 
is self-quantification. 

•  Self-tracking and self-quantification together could be 
described as self-monitoring. 
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Self-Omics 
•  QS as an interface to the Human 

Body 
•  How much information? 
•  Requirements for exchange, 

storage and processing of data 
•  People-as-sensors 
•  Making the personal public 
•  The transparent body 
•  From population surveillance to 

individual surveillance 

Infography:	
Ins3tute	for	Health	Technology	Transforma3on	
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How much information 

(Chen	et	al,	Cell	148,	1293-1307	March	16	2012	)		

CR	(computer	radiography)	30	MB	
DR	(direct	radiography)	54	MB	
Computer	Tomography	(CT)	-		32	MB	
Mul7-Slice	CT		-	630	MB	
Magne7c	Resonance	21	MB	
Angio	15	MB	
	
The	project	"Experimental	Man"	reports		
that	one	man	has	been	collec7ng	informa7on		
about	his	exposure	to	toxins	and		
has	generated	+100GB	of	data	
(only	toxins)	
	
Individual	genome	data::	from	20MB	to	30	TB		
3	Billion	data	points	were	collected	along	20	7me	
points	during	14	months.	
150	million	data	points	per	analysis.	
Microbioma	(gut)	35GB	
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BBC -  

hcp://www.bbc.com/earth/story/the-making-of-me-and-you#/results/top	
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Data storage 
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Open mHealth 

–  Simple extensible and clinically valid schemas 
–  RESTful API 

•  Conforms to schemas 
•  Authorizes access using Oauth 2.0 

–  Open-source adapters linked to the APIs of large 
providers (e.g., RunKeeper, Fitbit, Google, Apple) 

–  Library of visualization examples 

•  Free,	open-source	code	that	makes	it	easy	for	
developers	to	standardize,	store,	integrate,	
share,	process	and	visualize	mobile	health	data	



105 BDC4CM - mHealth & Participatory Medicine 

Open mHealth 
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Infinome – open science 
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Synapse (SAGE) 
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Data aggregation and 
integration 
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All-in-one platforms for digital health 

•  WebMD	-	Healthy	Target	
•  Philips	Salesforce	
•  Samsung	–	S.A.M.I		ARTIK	cloud	
•  Apple	–	HealthKit	
•  Google	–	Google	Fit	
•  Microsos	HealthVault	
•  Qualcomm	Life	–	2net	
•  Validic	
•  Open	Humans	
•  Human	API		
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Shimmer (Cornell Tech) 
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Samsung ARTIK Cloud 

hcps://ar7k.cloud/works-with	
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Wolfram Connected devices 

hcp://devices.wolfram.com	
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Validic 

Named	“de	facto”	standard	
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Human API 
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Integration into PHR 

•  eClinicalWorks Announces Integration Between 
Wearable Devices and healow Platform 

•  Fitbit, iHealth, Jawbone and Withings 

hcps://www.eclinicalworks.com/pr-eclinicalworks-announces-integra7on-between-wearable-devices-and-healow-playorm/	
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Apple to add support for HL7 Continuity 
of Care Documents to iOS 10 
 

•  iOS 10 will be available this fall.    

•  “Bloomfield (Duke): “It will enable any app to create 
and share a CCD with HealthKit, and another app 
can read that by using HealthKit.” 

•  So a doctor can create a CCD, let her patients have 
that, and patients, in turn, can share that document 
with other caregivers and clinicians. 

•  Apple has not made an official announcement yet. 
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EHR integration with HealthKit 

•  2014 - Ochsner Health System in Louisiana 
•  2015 - Deaconess Health System in Indiana integrates 

Fitbit into EHR portal  
•  2015 - Duke is using HealthKit to get patient-generated 

data into the EHR. 
•  2015 - Cerner with Validic 
•  2015 - EPIC MyChart at Cornell Medicine has full 

HealthKit functionality 
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SMART on FHIR® 
 
•  Medical apps that integrate into diverse EHR systems at the point of care. 

•  Open standards for healthcare data, authorization, and UI integration. 

•  Harvard Medical School and Boston Children’s Hospital 
•  SMART Reference Platform, - custom set of data models and a corresponding 

RESTful API.   
•  In 2014, FHIR® arrived: Fast Health Interoperability Resources. 
•  FHIR is open healthcare data standard from HL7.  
•  Like SMART, FHIR provides for RESTful access to clean, granular data.  
•  FHIR specifically represents granular clinical concepts as a set of resources that may 

be addressed individually or in aggregate.   

•  SMART on FHIR 
•  SMART on FHIR, will provide a complete open standards-based technology stack.  
•  With SMART on FHIR, developers can integrate a vast array of clinical data with 

ease.   
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hcp://c3-pro.org	
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SAGE Bionetworks Bridge + Synapse 
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OHMAGE-omh (Cornell Tech) 
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From information to 
knowledge 
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Data access 
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OpenSNP 

hcps://opensnp.org/fitbit/	
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mPower 

•  First six months of data from the app. mPower, a 
Parkinson's-focused app, one of the first five Apple 
ResearchKit studies  

•  Of the 12,000 mPower study participants, about 
9,500 participants chose to share their data with all 
researchers. 

•  mPower stands for "mobile Parkinson’s observatory 
for worldwide, evidence-based research".  

•  The mPower app aims to help users track their 
symptoms using activities including a memory game, 
finger tapping, speaking, and walking. The app will 
also collect data from wearable devices 
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mPower 
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mPower 
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Data analysis 
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Challenges 
•  Comparative usage—how your consumption of a resource (for example, 

calories) compares with others in similar situations 
•  Understanding patterns and reasons for variation—developing statistical 

models that explain variation 
•  Predictive asset maintenance—using sensor data to detect potential 

problems in machinery (or your body) before they actually occur 
•  Optimization—using sensor data and analysis to optimize a process, as 

when a lumber mill optimizes the automated cutting of a log, or a poultry 
processor automates the preparation of a chicken, or when is the healthiest 
time to go to sleep or when in your sleep cycle to wake up 

•  Prescription—employing sensor and other types of data to tell the user 
what to do, as when an activity tracker nudges you to get off the couch or 
sit up straight 

•  Situational awareness—piecing together seemingly disconnected events 
and relating them to a larger repository of data to put together an 
explanation, as when a series of readings from activity trackers, glucose 
monitors, connected scales, and other devices tells you that you are in 
danger of contracting diabetes 

hcp://dupress.com/ar7cles/internet-of-things-wearable-technology/	
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Analyzing and interpreting 
smartphone data 
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Analyzing and interpreting 
smartphone data 

•  38 individuals, 6290 blood pressure readings over a 11-month trial 

•  Withings BP monitor, iphone app, HealthyCircles account and app. 
Qualcomm Life Health HealthyCircles server. 

•   Hypothesis testing framework for unstructured time series data. 

•  Mixed model approach using autoregressive models 

o  Multiple n-of-1 (analysis of individual data) 

o  Combination of all individuals data  

•  2mmHg decrease in both systolic and diastolic 

•  Sequential analysis approach allowed them to observ results three 
months prior to the official study end. 
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Analyzing and interpreting 
smartphone data 
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Athletics World 
Records 

Usain	Bolt	

Mutai	
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PREDICTIVE MODEL 

IF	distance=6km	and	7me=25.30	(speed=14km/h)			
THEN	42.195km	à	4h	10m	
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Results 

•  More than 80 races completed, including 12 
Marathons and 21 Half-Marathons 

•  No injuries 

•  No competitive goal or performance improvement 
•  Decision making tool (whether to run or not to 

prevent damage and ensure having a good time – 
less than 5 hours) 
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Data visualization 
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Jawbone and Bay Area Earthquake  
Sept 2014 

hcps://jawbone.com/blog/napa-earthquake-effect-on-sleep/	



140 BDC4CM - mHealth & Participatory Medicine 

Mashing data – HeadsUp Health 
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Food log data – Shanonn Conners 

SAS	-	JMP	
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Quantified Weight Loss – Julian Parris 
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EHDVIZ 
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From knowledge to 
application  

(relevant initiatives) 

Health	eHeart	study,		Google	Baseline,	100K	Wellness	Project,	Precision	Medicine	Ini7a7ve,	
Health	Data	Explora7on	and	Network,	mPower	study,	Open	Humans,	N-of-1	(single	subject)	
studies,	BD2K	Centers	of	Excellence	(emobilize,	MD2K)		
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Clinical Benefits 
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ENTRAIN app 
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ENTRAIN app 
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With iOS 10, iPhone users can become 
organ donors via Health app 
 

When	iOS	10	is	released,	the	Apple	
Health	app	will	include	a	new	feature,	
allowing	iPhone	users	across	the	
United	States	to	become	organ,	eye,	
and/or	7ssue	donors	with	just	a	few	
taps.		
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Health eHeart 
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Google Baseline 
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100K Wellness Project 
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•  Precision medicine is an approach to disease treatment and 
prevention that seeks to maximize  effectiveness by taking into 
account individual variability in genes, environment, and lifestyle. 
Precision medicine seeks to redefine our understanding of disease 
onset and progression, treatment response, and health outcomes 
through the more precise measurement of molecular, environmental, 
and behavioral factors that contribute to health and disease. This 
understanding will lead to more accurate  diagnoses, more rational 
disease prevention strategies, better treatment selection, and the 
development of novel therapies. 

  
•  Coincident with advancing the science of medicine is a changing 

culture of medical practice and medical research that engages 
individuals as active partners – not just as patients or research 
subjects. We believe the combination of a highly engaged population 
and rich biological, health, behavioral, and environmental data will 
usher in a new and more effective era of American healthcare.  

Precision Medicine Initiative 
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Why now? 
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NIH awards $120M to Scripps, others, to enroll 350K 
participants in Precision Medicine Initiative via mobile apps 
 

•  Scripps Research Institute, Vibrent Health, 
PatientsLikeMe, Sage Bionetworks, and 
Walgreens will help build apps and enroll 
participants 

•  The National Institutes of Health announced a number of partners today who will receive a total of $55 
million in grant money for 2016 to build the foundational structures of the White House's Precision Medicine 
Initiative (PMI). The PMI Cohort Program includes five companies that make up the 
Participant Technologies Center, which will be responsible for creating mobile apps to enroll, consent, 
collect data from and communicate with PMI Cohort Program participants. 

•  In addition to Scripps and Vibrent, NIH has designated several sub-awardees which will share the $20 
million award and work together on the Participant Technologies Center: Cambridge, Massachusetts-based 
online patient community platform PatientsLikeMe, Seattle-based Sage Bionetworks, which is best known 
for its work on Apple's ResearchKit, and Walgreens. According to its own statement, Walgreens will allow 
its customers to enroll in the program at its stores, at Walgreens Healthcare Clinics, online through 
Walgreens.com and through the Walgreens mobile app. 

•  Sage Bionetworks, meanwhile, "will be responsible for the patient consent and data governance related to 
the PMI Cohort Program’s software products, as well as the community outreach and participant 
engagement efforts of the Participant Technologies Center", Sage said in a statement. They'll also develop 
new ways of monitoring health factors using smartphones and wearable devices. 
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Health Data Exploration and Network 
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Open Humans 

•  Project of PersonalGenomes.org funded by Knight Foundation and the 
Robert Wood Johnson Foundation 

•  Objectives 
o  Break down data silos in human health and research 
o  Public data sharing 

─ Connect individuals willing to share data about themselves 
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N-of-1 studies 

•  https://
www.theguardian.c
om/science/2016/
jul/03/citizen-
science-how-
internet-changing-
amateur-research?
CMP=share_btn_fb 
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Research studies: Asthma Health 

Icahn	School	of		
Medicine	at		
Mount	Sinai	

23andMe	integrates		
with	Apple's		
ResearchKit	app	
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Research studies: GlucoSuccess 

Massachusecs	General	Hospital	(MGH)	in	Boston.	
	
To	keep	track	of	health	behaviors	important	for	people	with	type	2	diabetes,	
such	as	physical	ac7vity,	diet,	and	taking	your	medicines	
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Research studies: mPower 

SAGE	
	BioNetworks	
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Research studies: MyHeart Counts 
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Research study: Share the Journey 

•  Mind, Body and Wellness after breast cancer is a 
clinical study that aims to understand the symptoms 
after breast cancer treatment, why these symptoms 
vary over time, and what can be done to improve 
them. 

•   SAGE Bionetworks 
•  Dana Farber Cancer Institue 
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Research study: MoleMapper 
OHSU	Dermatology	

Using	your	iPhone	camera,	Mole	Mapper	tracks	moles	and	how	they	change	
and	grow	over	7me.	Rapid	change	or	growth	may	indicate	malignancy.	Mole	
Mapper	also	reminds	you	to	re-check	your	moles	regularly.	By	sharing	mole	
images	over	7me,	researchers	can	develop	new	ways	of	evalua7ng	moles	and	
may	(at	some	point	in	the	future)	be	able	to	tell	whether	you	need	to	see	a	
doctor	or	have	a	mole	removed	based	upon	a	cell	phone	picture.	
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More research studies: 

•  http://mobihealthnews.com/47611/apple-researchkit-is-a-
pipeline-for-future-diagnostic-medical-apps/ 

•  Duke – Autism and Beyond – Recording children 
reactions to videos 

•  Johns Hopkins – EpiWatch – Seizure detector 
•  USC -  Biogram 2– Biometrics and personal/social  
•  uBiome – Microbiome and weight management 
•  U Nebraska Med Center – Hand in Hand – HIV- 

neurocognitive disorders 
•  Boston Children’s – C Tracker. Chronic Hep C - PROs 
•  Yale – Cardiomyopathy Index –  
•  UCSF – PRIDE – LGBTQ sexuality and health 

•  Over 100,000 participants 
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Training 
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The	Future	
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Future without apps 
•  Problem with apps: Delivery and Discoverability 
•  Solutions: 

–  App linking  (apps automatically linked to content) 
–  App indexing (apps through search queries) 
“I don’t want to maintain a walled garden of apps. I want to consume and create 
content.” 
–  App streaming from Google: you tap a link to the content and Google will 

stream the right parts of the app to you on-demand. 
–  On-demand resources from Apple (ODR): technology released with iOS 9 that 

downloads a small core application only on installation, and then downloads 
extra parts and content as needed  

hcps://medium.com/fwd-thoughts/the-future-is-without-apps-ddf43ec52aab#.127sqwf61	

Java	
applets	on	
mobile?	
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Pokemon Go 
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Biomedical Informatics

Mar3n-Sanchez	et	al,	JAMIA	2015	Environment	
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Integrating patient data with clinical 
data for a learning healthcare system 

JASON, MITRE Corp. November 2014. Data for individual health. Agency for Healthcare Research and	Quality.		
hcp://healthit.ahrq.gov/sites/default/files/docs/publica7on/2014-jason-data-for-individual-health.pdf	 
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New	jobs?	
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Summary 

•  Understand the concept and importance of Participatory Health and 
PGHD 

•  Identify opportunities for biomedical and clinical research using 
participatory technologies 

•  Discern the quality of mobile apps 
•  Find the most appropriate wearable sensor for your project 
•  Understand how information flows from sensors to information systems 
•  Identify methods for aggregating and integrating data from multiple 

sensors 
•  Understand methods to analyze and visualize participatory health data 
•  Learn from the most relevant initiatives in this area 
•  Appreciate challenges for biomedical informatics research and 

education derived from the use of digital health technologies and 
participatory health 
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