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Do	you	use	a	mHealth	device?	
A.  Yes	–	all	the	Bme	
B.  Yes	–	but	only	when	my	spouse	tells	me	to		
C.  No	–	I’m	figuring	it	out	
D.  What’s	mHealth?		



Have	You	Prescribed	an	mHealth	Device	to	a	
PaBent?	

A.  Yes		
B.  Not	yet	



The	Jetsons	–PredicBng	the	Doctor	PaBent	InteracBon	
2062	in	1962	



•  IntroducBon	in	to	Digital	and	Mobile	Health		

•  Technologies	for	Behavioral	Change,	AddicBon	and	
Psychiatry	

• Designing	Thinking	for	Digital	Health	

•  Try	some	Devices		



Why	Mobile	Health?	



Rand	CorporaBon	2014	

The	Problems	

q  The	average	North	
American	above	the	
age	of	50	has	2-3	
chronic	medical	
condiBons	

q  Major	contributor	to	
mental	health	
diseases	

q  This	populaBon	will	
rise	to	100	million	by	
2030		

q  Cost	of	>	4	trillion	
dollars	per	year	
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Smart	Clothing	

Smart	Contact	Lens	

Smart	Tablet	
Smart	Ring	

Smartphone	Exam	

Smart	Watch	

Gl
uc
os
e	

Se
izu

re
	

Smart	Necklace	

Smart	Skin	

Sm
ar
tp
ho

ne
		

U
ltr
as
ou

nd
	

Smart		
Pills	

Sm
ar
tp
ho

ne
		

La
b	
Te
s=
ng
	

Smart	Genome	Sequencing	







The	Promises	of	mHealth	
Expecta=ons	
•  Engagement		
•  Behavioral	change	
•  Increased	self-monitoring	
•  Cost	efficient	healthcare	

delivery		
		

TREND REPORT mHealth

4 5

While Google Glass and the rumored Apple iWatch are getting 

significant media attention, they aren’t the only companies throwing 

their weight behind wearable technology. Wearable devices designed 

to track and improve user’s health form a multi-billion-dollar market. 

Everything from bracelets and bands to clothes with built-in sensors 

are currently available. One company has even released a smart bra 

to catch breast cancer earlier.

With all this activity, it’s not too shocking that the wearable technology 

market will reach $4.6 billion in 2013, according to British research 

firm Visiongain. Explosive growth is predicted over the next five years 

and investors have certainly taken notice. For example, Qualcomm 

Ventures, SAP Ventures and SoftBank Capital invested $43 million in 

Fitbit, which makes digital fitness trackers and health devices. As the 

wearables market takes off, these five companies are at the forefront 

thanks to their technical innovation, early market leadership and 

visionary founders.

BR IAN S HALL

TAKE TWO
WEARABLES 
AND CALL ME 
IN THE MORNING

Rand	CorporaBon	2014	



What	are	Your	Technology	Needs?	
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The convergence of science and technology in our dynamic digital era has resulted in the development of innovative digital health devices that 
allow easy and accurate characterization in health and disease. Technological advancements and the miniaturization of diagnostic instruments to 
modern smartphone-connected and mobile health (mHealth) devices such as the iECG, handheld ultrasound, and lab-on-a-chip technologies 
have led to increasing enthusiasm for patient care with promises to decrease healthcare costs and to improve outcomes. This 'hype' for 
mHealth has recently intersected with the 'real world' and is providing important insights into how patients and practitioners are utilizing digital 
health technologies. It is also raising important questions regarding the evidence supporting widespread device use. In this state-of-the-art re-
view, we assess the current literature of mHealth and aim to provide a framework for the advances in mHealth by understanding the various 
device, patient, and clinical factors as they relate to digital health from device designs and patient engagement, to clinical workflow and device 
regulation. We also outline new strategies for generation and analysis of mHealth data at the individual and population-based levels. 

Keywords Digital health • mHealth • Medical technology • Sensors • Patient-generated data 



Digital	
Doctors	

Digital	
Devices	

Digital	
Pa=ents	

The	Digital	Health	Paradigm	

Bhavnani	S.	Mobile	Technology	and	the	DigiBzaBon	of	Healthcare.	Eur	J	Heart	2016	

ü  Clinical	workflows	
ü  EMR	IntegraBon	
ü  Meaningful	Data		
ü  Precision	Medicine	
ü  PopulaBon	Medicine	
ü  BigData	&	InformaBcs	
ü  RegulaBon		
ü  Reimbursement		

ü  Device	Designs		
ü  Apps		
ü  Wearables		
ü  Wireless	Devices		
ü  Sensors		
ü  RoboBcs		
ü  Implantables	
ü  Handheld	Imaging		
ü  Interoperability	

ü  PaBent	Generated		
	Health	Data		

ü  Digital	Literacy	
ü  Digital	Engagement		
ü  Digital	RetenBon	
ü  Social	Media		
ü  Senior	Care	



Apps	
Build	Your	Own	

Sensors	

Smart	MedicaBons	

Virtual	Reality	

Online	Plaeorms	

New	Technologies	



Please prescribe 1 

Digital health ‘app’ 

Tammy LinMD

unlimited

Marty Adelman



Smartphone	Apps	
PracBBoner	PrescripBon		

•  Content	derived	app	
•  Resources		

–  State	prescripBon	
monitoring	programs		

–  Tools	to	evaluate	
substance	abuse		

–  Sample	treatment	
agreements		

hfp://www.safeopioids.org	



Smartphone	Apps	
Monitoring	Pain	

•  Under	development	at	Brigham	and	
Women’s	

•  PMC320	(app	store)	
•  Reduce	opioid	use	in	chronic	pain	

suffers		
•  Monitors		

–  Pain	level		
–  Mood		
–  Pedometer	to	monitor	acBvity		

•  Built	in	messaging	service	for	quesBons	to	
be	sent	to	providers	

hfp://www.drugfree.org/join-together/smartphone-app-
measure-pain-might-impact-opioid-use-expert/	
	



American	Society	of	Family	PracBce	Healthcare	StaBsBcs	2015	

The	Problem	
Ø  High	chronic	disease	

burden	-	depression	
Ø  60%	can	not	idenBfy	

their	medicaBons		
Ø  30-50%	do	not	follow	

prescripBon	instrucBons		
Ø  Directly	responsible	for	

>10%	of	healthcare	
costs		
	(~$15	Billion)	

Ø  >2	Million	serious	
adverse	drug	reacBons		



Specifica=ons	
•  Facial	recogniBon		
•  MoBon	sensing		
•  Automated	pill	idenBficaBon	
Confirma=on		
•  PaBent	
•  Prescribed	dose		
•  Date/Time/Place	
Communica=on		
•  PaBent 							Provider		
	

ArBficial	Intelligence	



www.clevercap.org	
	

Smart	Bofles	
•  Reminders		

–  Text	messages		
–  Alarms		

•  Tamper	proof		
–  Time	release	
–  Compliance	record	once	
pill	is	dispensed		

•  Shares	informaBon	with	
clinic	and	pharmacy	



Car	 Smartphone	 Human	

>	400	sensors	 10	sensors	 0	sensors	

Nanosensors	



Edible	Sensors	
Wireless	Observed	Therapy	

DiCarlo	L.	A	digital	health	soluBon	for	using	and	managing	medicaBons:	wirelessly	observed	therapy.	IEEE	Pulse.	2012.		FDA	Approved	2012		





Tammy	Technology/App	slides	



Immersion	Therapy	and	Virtual	Reality	Video	
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Self	Monitor	
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successful	
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How	do	we	
generate	
meaningful	
mHealth	
data?	

Do	paBents	
conBnue	to	use	

devices?	
Do	paBents	want	
their	health	data?	

Can	paBents	
understand	

mHealth	data?	

What	are	the	
outcomes	for	
successful	
mHealth	
programs?	

How	can	we	
Engage	the	
Digital	
PaBent?	

The	Digital	Clinic	 The	Digital	Pa=ent	



These	Are	Not	Our	PaBents	…		



Our	PaBents	are	More	Like	This	…	



Digital	Health	PercepBons		
PaBent	vs.	Physician	



Bodlt	D.		J	Med	Internet	Research	2015	



Bodlt	D.		J	Med	Internet	Research	2015	



Digital	PaBent		
Digital	RetenBon	

Overview	
•  Employee	health	program		
•  350	‘Worried	Well’	healthy	

people	(Age	45)	
–  At	risk	for		

•  Diabetes		
•  High	blood	pressure		
•  Obesity	
•  Unhealthy	eaBng	habits	

–  MoBvated	for	healthy	lifestyle	
changes		

mHealth	Toolbox	

Matla	E.		JMIR	mHealth	and	uHealth	2013;1:16-34	



Modifying	Behaviors	
Very	High	Perceived	Usefulness	of	mHealth	

Matla	E.		JMIR	mHealth	and	uHealth	2013;1:16-34	

75%		perceive	
monitoring	as	useful	



Sustained	mHealth	Users	

Matla	E.		JMIR	mHealth	and	uHealth	2013;1:16-34	



Sustained	mHealth	Users	

Ø  Rapid	afriBon	>50%	reducBon	in	use		

Matla	E..		JMIR	mHealth	and	uHealth	2013;1:16-34	



Sustained	mHealth	Users	

Ø  Rapid	afriBon	>50%	reducBon	in	use		
Ø  Low	30%	sustained	use	at	4-6	months	

Matla	E.	JMIR	mHealth	and	uHealth	2013;1:16-34	



Barriers	to	ParBcipaBon	
Ø High	AfriBon		
	
Ø Low	Usage	Rates		
	
Ø PaBents	may	not	receive	the	indented	effects	

–  Clinical	and	cost	effecBveness		
–  Provoked	anxiety	
– Generalizability	of	the	intervenBon	

Bashshur	R.		The	empirical	foundaBons	of	telemedicine	intervenBons	for	chronic	disease	management.		Telemed	J	E	Health	2014;9:769-800	
Kumar	S.		Mobile	Health	Technology	EvaluaBon;	the	mHealth	Evidence	Workshop.		Am	J	Prev	Med	2013;42:228-236 		
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PaBent	
Engagement	
Techniques	
IncenBves	

Health	Games	
Social	Media	
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Improving	Digital	Engagement	
Behavioral	science	factors	for	long-term	engagement		
	
	
	
Device	related	factors		

–  Design,	aestheBcs,	out-of-the	box	experience	
–  Fit	and	form	factor		
–  User	experience	and	lifestyle	compaBbility		

Kvedar	J.		Connected	health:		a	review	of	technologies	and	strategies	to	improve	paBent	care	with	telemedicine	and	
telehealth.		Health	Aff	2014;33:194-9	

Habit	FormaBon	 Social	MoBvaBon	 Goal	Reinforcement	



Digital	Engagement	
Know	Your	PaBents	Technology	Needs	



Digital	Engagement	
PaBent	ParBcipaBon	

Cho	MJ.		Healthc	Inform	Res	2014	
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Can	I	use	this	in	
clinic?	

How	will	the	data	
be	captured?	
GeneraBng	
evidence?	

Can	PaBents	
Self	Monitor	
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their	Health	

Data?		
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ConBnuous	Glucose	Monitoring	
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Case	Study:	
Using	Trend	Graphs	

•  Three	Trend	Graphs	showing	change	over	=me:	

–  28	year	old	with	diabetes	for	9.5	years	
–  StarBng	HbA1c:	8.1%	(uncontrolled)	
–  Most	recent	HbA1c:	6.0%	

Barbara	Davis	Center	for	Diabetes	
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	BASELINE	GLUCOSE	Trend	Graph	#1	
Prior	to	CGM	Use	

Barbara	Davis	Center	for	Diabetes	
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Glucose	Trend	Graph	#2	
AZer	three	months	of	CGM	use	

Barbara	Davis	Center	for	Diabetes	
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	GLUCOSE	Trend	Graph	#3		
Most	recent	CGM	report	

Barbara	Davis	Center	for	Diabetes	



How	do	we	
generate	
clinically	

meaningful	
mHealth	
data?	

Can	PaBents	
Self	Monitor	
and	Acquire	
their	Health	

Data?		

What	are	the	
outcomes	for	
successful	
mHealth	
programs?	

How	can	
we	Engage	
the	Digital	
PaBent?	

The	Digital	Clinic	 The	Digital	Pa=ent	



How	do	we	
generate	
clinically	

meaningful	
mHealth	
data?	

Can	PaBents	
Self	Monitor	
and	Acquire	
their	Health	

Data?		

PaBent	
SaBsfacBon		
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RecycleHealth.com						San	Diego	Futures	FoundaBon		-	sdfutures.org
	 		





Create	Your	Own	App	
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Community	

Social	
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Community	
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Community	Based	mHealth	Research	Model	

Bhavnani	S.	Deploying	mHealth	(NIH)	



Mobilizing	Health	in	City	Heights	
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Somali	Family	Services	(n=1,200	parBcipants)	



Cardiovascular	Disease 	 	Mental	Health		
Hypertension		 	 	 	Depression	PTSD	
Diabetes		 	 	 	 	NutriBon	–	AcBvity		
Obesity	 	 	 	 	 	AuBsm	–	VaccinaBons	
MedicaBons	List	

Smartphone	connected	
Asthma 	 	 	 	 	Vision	and	ReBnal	Screening	
Chronic	lung	disease	 	 	Breast	and	Colon	Cancer	

Cultural		
LinguisBc		
Design	

Medical	Clinics		
City	Heights		
NaBonal	City	

Pharmacy	
		

Community		
Services	
30K	PopulaBon	

	
	
	
	

Data	
AggregaBon	
Plaeorm	

Community	Engagement		

Clinical	Trial	
Outcomes	
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Thank	You	
Bhavnani.sanjeev@scrippshealth.org	


