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Why	  Mobile	  Health?	  



Rand	  Corpora?on	  2014	  

The	  Problems	  

q  The	  average	  North	  
American	  above	  the	  
age	  of	  50	  has	  2-‐3	  
chronic	  medical	  
condi?ons	  

q  Major	  contributor	  to	  
mental	  health	  
diseases	  

q  This	  popula?on	  will	  
rise	  to	  100	  million	  by	  
2030	  	  

q  Cost	  of	  >	  4	  trillion	  
dollars	  per	  year	  
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Triple	  Aim	  in	  Healthcare	  

www.ims.com	  



Digital	  
Health	  

Topol	  EJ.	  	  Individualized	  medicine	  from	  prewomb	  to	  tomb.	  Cell	  2014;241-‐53	  
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Digital	  
Clinics	  

Digital	  
Devices	  

Digital	  
PaJents	  

Bhavnani	  S.	  Mobile	  Health	  Revolu?on	  in	  Cardiovascular	  Medicine.	  	  Eur	  J	  Heart	  (2015)	  

Digital	  Health	  

Clinical	  Workflows 	   	   	  Design	  Simplicity	   	   	   	  Pa?ent	  Generated	  Data 	  	  
EMR	  Integra?on	   	   	   	  Wearable	  Devices 	   	   	  Self	  Measurements	  	  	  
Device	  Regula?on	   	   	   	  Wireless	  Devices	   	   	   	  Pa?ent	  Engagement	  
Device	  Reimbursement 	   	  NanoSensors 	   	   	   	  Digital	  Reten?on	  	  
Precision	  Medicine	   	   	  Robo?cs	  	   	   	   	   	  Digital	  Literacy	  
Popula?on	  Medicine 	   	  3D	  Prin?ng 	   	   	   	  Social	  Media	  	  
Big	  Data 	   	   	   	   	   	   	   	   	   	   	  Incen?ves	  
Cost	  Reduc?on	  	  
Outcomes 	   	   	   	   	  	  



Please prescribe 1 

Digital health ‘app’ 

S.Bhavnani MD

unlimited

Marty Adelman



Ins?tute	  of	  Medical	  Sciences	  



www.appscript.com	  



SpecificaJons	  
•  Facial	  recogni?on	  	  
•  Mo?on	  sensing	  	  
•  Automated	  pill	  iden?fica?on	  
ConfirmaJon	  	  
•  Pa?ent	  
•  Prescribed	  dose	  	  
•  Date/Time/Place	  
CommunicaJon	  	  
•  Pa?ent 	  	  	  	  	  	  	  Provider	  	  
	  

Ar?ficial	  Intelligence	  



American	  Society	  of	  Family	  Prac?ce	  Healthcare	  Sta?s?cs	  2015	  

The	  Problem	  
Ø  High	  chronic	  disease	  

burden	  -‐	  depression	  
Ø  60%	  can	  not	  iden?fy	  

their	  medica?ons	  	  
Ø  30-‐50%	  do	  not	  follow	  

prescrip?on	  instruc?ons	  	  
Ø  Directly	  responsible	  for	  

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

Ø  >2	  Million	  serious	  
adverse	  drug	  reac?ons	  	  



Tex?ng	  –	  Powerful	  Interven?on	  for	  Behavioral	  Change	  
WelTel	  
HIV	  MedicaJon	  Adherence	  Trial	  

•  600	  HIV	  posi?ve	  pa?ents	  	  
“Are	  you	  well?”	  
“Did	  you	  take	  you	  medica5ons?”	  
“Medica5ons	  are	  important	  for	  
you	  to	  feel	  be<er”	  

Diabetes	  
TexJng	  to	  Prevent	  Diabetes	  

•  537	  men	  with	  glucose	  
intolerance	  at	  risk	  for	  
diabetes	  
“Physical	  ac?vity	  keeps	  you	  healthy”	  
“Use	  stairs	  instead	  of	  a	  lin”	  
“Take	  fruits	  not	  juice”	  

	  

20%	  higher	  adherence	  –Number	  need	  to	  
treat	  of	  11	  to	  achieve	  viral	  load	  suppression	   35%	  reducJon	  in	  diabetes	  at	  2-‐years	  



www.clevercap.org	  
	  

Smart	  Booles	  
•  Reminders	  	  

–  Text	  messages	  	  
–  Alarms	  	  

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

•  Shares	  informa?on	  with	  
clinic	  and	  pharmacy	  



Car	   Smartphone	   Human	  

>	  400	  sensors	   10	  sensors	   0	  sensors	  

Nanosensors	  



Edible	  Sensors	  
Wireless	  Observed	  Therapy	  

DiCarlo	  L.	  A	  digital	  health	  solu?on	  for	  using	  and	  managing	  medica?ons:	  wirelessly	  observed	  therapy.	  IEEE	  Pulse.	  2012.	  	  FDA	  Approved	  2012	  	  





Digital	  Health	  Percep?ons	  	  
Pa?ent	  vs.	  Physician	  



Bodlt	  D.	  	  J	  Med	  Internet	  Research	  2015	  

PaJents	  

PaJents	  
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New approach for analyzing self-reporting of insomnia symptoms reveals a high rate of 
comorbid insomnia across a wide spectrum of chronic diseases  

Bozena Katic, James Heywood, Fred Turek, Emil Chiauzzi, Timothy E. Vaughan, Kristina Simacek, Paul Wicks, Sachin Jain, Christopher 
Winrow, John J. Renger  

Sleep Medicine  
Volume 16, Issue 11, Pages 1332-1341 (November 2015)  
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Sleep Medicine 2015 16, 1332-1341DOI: (10.1016/j.sleep.2015.07.024)  





Do	  High	  Healthcare	  U?lizers	  Engage	  with	  	  
Digital	  Health?	  

Smartphone	  
Glucometer	  

Smartphone	  
Blood	  Pressure	  	  

Smartphone	  	  
iECG	  

	  Bloss	  CS.	  	  bioRxiv	  online	  October	  28,	  2015;	  doi:	  hop://dx.doi.org/10.1101/029983	  



Do	  High	  Healthcare	  U?lizers	  Engage	  with	  	  
Digital	  Health?	  

	  Bloss	  CS.	  	  bioRxiv	  online	  October	  28,	  2015;	  doi:	  hop://dx.doi.org/10.1101/029983	  



Digital	  Engagement	  
Know	  Your	  Pa?ents	  Technology	  Needs	  



Improving	  Digital	  Engagement	  
Behavioral	  science	  factors	  for	  long-‐term	  engagement	  	  
	  
	  
	  
Device	  related	  factors	  	  

–  Design,	  aesthe?cs,	  out-‐of-‐the	  box	  experience	  
–  Fit	  and	  form	  factor	  	  
–  User	  experience	  and	  lifestyle	  compa?bility	  	  

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

Habit	  Forma?on	   Social	  Mo?va?on	   Goal	  Reinforcement	  



Digital	  Engagement	  
Pa?ent	  Par?cipa?on	  

Cho	  MJ.	  	  Healthc	  Inform	  Res	  2014	  
Bhavnani	  S.	  	  Mobile	  Health	  Revolu?on	  in	  Cardiovascular	  Medicine	  (2015)	  



Improving	  Healthcare	  Access	  with	  
mHealth	  



Point-‐of-‐Care	  mHealth	  Devices	  

Smartphone	  connected	  	  
Blood	  Pressure	  Monitor*	  

Smartphone	  connected	  	  
Oxygen	  Monitor	  

Smartphone	  connected	  	  
Glucometer*	  

Handheld	  Pocket	  
Mobile	  Ultrasound*	  

Smartphone	  Heart	  Rhythm	  
iECG*	  

iOS	  Devices	  
Bhavnani	  S.	  Deploying	  mHealth	  (NIH)	  
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Energy	  	  

Community	  Based	  mHealth	  Research	  Model	  

Bhavnani	  S.	  Deploying	  mHealth	  (NIH)	  



Community	  Based	  mHealth	  Par?cipatory	  Model	  
mHealth	  Clinics	  



Mobile	  Health	  Map	  –	  United	  States	  

Number	  of	  Mobile	  Health	  Clinics	  >1500	  
>5	  Million	  visits	  annually 	  	  
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Cardiovascular	  Disease 	   	  Mental	  Health	  	  
Hypertension	  	   	   	   	  Depression	  PTSD	  
Diabetes	  	   	   	   	   	  Nutri?on	  –	  Ac?vity	  	  
Obesity	   	   	   	   	   	  Au?sm	  –	  Vaccina?ons	  
Medica?ons	  List	  

Smartphone	  connected	  
Asthma 	   	   	   	   	  Vision	  and	  Re?nal	  Screening	  
Chronic	  lung	  disease	   	   	  Breast	  and	  Colon	  Cancer	  

Cultural	  	  
Linguis?c	  	  
Design	  

Medical	  Clinics	  	  
City	  Heights	  	  
Na?onal	  City	  

Pharmacy	  
	  	  

Community	  	  
Services	  
30K	  Popula?on	  

	  
	  
	  
	  

Data	  
Aggrega?on	  
Plaworm	  

Community	  Engagement	  	  

Clinical	  Trial	  
Outcomes	  



Technology	  Training	  

Community	  Health	  Worker	  Training	  
18 



Screen	  
Data	  collec?on	  for	  

an	  immigrant	  
pa?ent	  popula?on	  	  

City	  Heights	  	  
N=30,000	  

	  
Uniform	  data	  
collec?on	  	  

	  
Pa?ent	  

par?cipa?on	  
	  
	  

Intervene	  Treat	   Connect	  
Connec?ons	  to	  
clinics	  and	  
community	  
organiza?ons	  
	  
Crea?on	  of	  a	  
online	  network	  
of	  healthcare	  
professionals	  

Crowd	  source	  
medical	  
ques?ons	  with	  
cultural	  and	  
linguis?c	  
methods	  
	  
•  Pharmacy	  
•  Clinics	  	  
•  Community	  

health	  
workers	  

Clinical	  Trials	  	  
Diabetes	  

Hypertension	  
Mental	  Health	  

	  
Public	  	  
Policy	  
	  

Community	  Health	  
Workforce	  

	  

Digital	  Health	  &	  Underserved	  PopulaJons	  
MulJdimensional	  Approach	  
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#SoMe	  (Social	  Media)	  





Digital	  disease	  detection	  picks	  up	  early	  signals	  

Traditional	  public	  health	  monitoring	  



Vernacular-‐to-‐Regulatory	  Transla?on	  

48	  



Spelling	  Variations	  Combined	  or	  invented	  words	  Implied	  phrases	  Internet	  Vernacular	  Translation	  

lost	  their	  eyesight	  

seeing	  weird	  color	  
seeing	  weird	  colour	  

doublevision	  

couldn’t	  see	  
double	  vision	  

blind	  
googley	  eyed	  

blurry	  vision	  

changes	  in	  vision	  cross	  eyed	  
seeing	  weird	  

vision	  change	  
blindness	  

cross	  vision	  visual	  snow	  

googly	  eyed	  
seeing	  double	  

making	  me	  eat	  like	  a	  mouse	  
anorexic	  

lost	  appetite	  

#notevenhungry	  
appetite	  is	  nonexistent	  

apetite	  surpressed	  

didn’t	  get	  hungry	  

dont	  want	  to	  eat	  

killed	  my	  apetite	  

miss	  feeling	  hungry	  

killed	  my	  appetite	  
can’t	  eat	  
lost	  apetite	  

lost	  my	  appetite	  
no	  appetitey	  

lack	  of	  apetite	  
stomach	  small	  

lost	  teh	  appetite	  

never	  hungry	  never	  want	  to	  eat	  

cant	  eat	  

couldnt	  see	  crosseyed	  

blurry	  

Visual	  impairment	  
MedDRA	  	  
10047571	  	  

Visual	  impairment	  
SNOMED	  
397540003	  

Decreased	  appetite	  
MedDRA	  	  
10061428	  

Loss	  of	  appetite	  
SNOMED	  
79890006	  

apetite	  surpressed	  

killed	  my	  apetite	  
lost	  apetite	  

lack	  of	  apetite	  

lost	  teh	  appetite	  

Typos	  

seeing	  weird	  color	  
seeing	  weird	  colour	  

googley	  eyed	  

googly	  eyed	  

#notevenhungry	  

no	  appetitey	  

making	  me	  eat	  like	  a	  mouse	  

never	  want	  to	  eat	  



Visual	  impairment	  
MedDRA	  10047571	  	  

Visual	  impairment	  
SNOMED	  397540003	  

Decreased	  appetite	  
MedDRA	  10061428	  	  

Loss	  of	  appetite	  
SNOMED	  79890006	  

making	  me	  eat	  like	  a	  mouse	  
anorexic	  

lost	  appetite	  

#notevenhungry	  
appetite	  is	  nonexistent	  

apetite	  surpressed	  

didn’t	  get	  hungry	  

dont	  want	  to	  eat	  

miss	  feeling	  hungry	  

killed	  my	  appetite	  
can’t	  eat	  
lost	  apetite	  

lost	  my	  appetite	  
no	  appetitey	  

lack	  of	  apetite	  
stomach	  small	  

lost	  teh	  appetite	  

never	  hungry	  never	  want	  to	  eat	  

cant	  eat	  

lost	  their	  eyesight	  

seeing	  weird	  color	  
seeing	  weird	  colour	  

doublevision	  

couldn’t	  see	  
double	  vision	  

blind	  
googley	  eyed	  

blurry	  vision	  

changes	  in	  vision	  cross	  eyed	  
seeing	  weird	  

vision	  change	  
blindness	  

cross	  vision	  visual	  snow	  

googly	  eyed	  
seeing	  double	  

couldnt	  see	  crosseyed	  

blurry	  

killed	  my	  apetite	  



Interac?ve	  Pa?ent	  Par?cipa?on	  
Gamifica?on	  

Kamel	  Boulos	  MN,	  Digital	  games	  for	  type	  1	  and	  type	  2	  diabetes:	  
underpinning	  theory	  with	  three	  illustra?ve	  examples.	  JMIR	  
Serious	  Games.	  2015	  	  



Digital	  Health	  for	  Behavioral	  Change	  

Conceptual	  Framework	  of	  Medica?on	  Adherence	  Derived	  from	  the	  Health	  Belief	  Model	  


