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CONFIDENTIAL

Point of Need Biochemistry
(CRP, Cortisol, Cytokines)

Quantified 

Self

On-Demand Genomics
(GWAS, Deep Sequencing)

On-Body 
Physiology, Behavior
(EEG, HRV, GSR, Sleep, 
Speech, Physical/Social 

Activity, Cognition)

Computer based 
cognitive and 

behavioral therapies

Recent advances 
referred to as 

“the biggest breakthroughs 
in Psychiatry in 40 yrs”

– NIMH Director

Twin Revolutions in Neurobiology and Mobile Computing
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Beyond magic bullets: true innovation in health care Vaibhav A. Narayan1, Marco Mohwinckel2, Gary Pisano3, Michael Yang4 & Husseini K. Manji1 , Nature Reviews Drug 
Discovery 12, 85-86 (February 2013)

http://www.nature.com/nrd/journal/v12/n2/full/nrd3944.html#a1
http://www.nature.com/nrd/journal/v12/n2/full/nrd3944.html#a2
http://www.nature.com/nrd/journal/v12/n2/full/nrd3944.html#a3
http://www.nature.com/nrd/journal/v12/n2/full/nrd3944.html#a4
http://www.nature.com/nrd/journal/v12/n2/full/nrd3944.html#a1


Grande, Iria et al. The Lancet , 2016  Volume 387 , Issue 10027 , 1561 - 1572

Neurodegenerative and Neuropsychiatric 
Changes: Different Time Scales
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ALZHEIMER’S DISEASE: COGNITION AND FUNCTION

Non-invasive
Early Detection
retinal, verbal, blood

θ

Predict rate of progression

Linkage of early stage 
cognitive end-points to  
later-stage functional,
payer relevant outcomes

Normal
Cognitive
Decline

Cognitive Decline 
due to AD

Disability

Death

Risk

(establish cognitive and functional 
baseline, follow long-term as strategic 
cohort) 

Digital registries with
periodic online cognitive testing 

Awareness 
Activation

Sensitive Clinical 
Efficacy End-Point Loss of 

independence

Amyloid Pathology Begins

Biomarker Confirmation
for Trial Inclusion

(PET/CSF)

Efficacy Monitoring Tools 
(Cognition and Function)

Modified
Disease

Trajectory

*

*

*

*

Regulators:  will only provide conditional approval, without function

Payers: want to see impact on function which drives cost and care-giver burden



Longitudinal Changes in Function

Data from The Religious Orders Study (ROS) (D. a Bennett, Schneider, 
Arvanitakis, & Wilson, 2012) and the Rush Memory and Aging Project (MAP) (D. 
a Bennett, Schneider, Buchman, et al., 2012) 

 Managing finances
 Handling transportation 

(driving or navigating 
public transit)

 Shopping
 Preparing meals
 Using the telephone and 

other communication 
devices

 Managing medications
 Housework and basic 

home maintenance

IADL

BADL

typically restricted to 
activities involving 
functional mobility 
(ambulation, wheelchair 
mobility, bed mobility and 
transfers) and personal 
care (feeding, hygiene, 
toileting, bathing and 
dressing)



Unobtrusive Measurement of Daily Computer 
Use to Detect Mild Cognitive Impairment

Months of Continuous Monitoring
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Kaye J., Mattek N., Dodge H. H., Campbell I., Hayes T., Austin D., et al. (2014). Unobtrusive measurement of daily 
computer use to detect mild cognitive impairment. Alzheimers Dement. 10, 10–17.10.1016/j.jalz.2013







Friction

Challenge

low
high

high

computer use,
driving***,
medication adherence

actigraphy,
gait

 timed activities of 
daily living with 
assessments of 
both speed*

 intentional  multi-
tasking**

* Harrell L, et al. Declining financial capacity in mild cognitive impairment:
a 1-year longitudinal study. Neurology 2009;73:928–34.

* Wadley VG, Okonkwo O, Crowe M, Ross-Meadows LA. Mild cognitive
impairment and everyday function: evidence of reduced speed in
performing instrumental activities of daily living.AmJ Geriatr Psychiatry
2008;16:416–24.

** J Gerontol A Biol Sci Med Sci. 2014 Nov;69(11):1415-21. doi: 10.1093/gerona/glu155. Epub
2014 Sep 2. The motor signature of mild cognitive impairment: results from the gait and brain 
study.

*** Wadley VG, Okonkwo O, Crowe M, Vance DE, Elgin JM, Ball KK,
et al. Mild cognitive impairment and everyday function: an investigation
of driving performance. J Geriatr Psychiatry Neurol 2009;
22:87–94.

Digital Technologies, Big Data and AD Function





Manji, Husseini K., Thomas R. Insel, and Vaibhav A. Narayan. "Harnessing the informatics revolution for neuroscience drug R&D.“ 
Nature Reviews Drug Discovery 13.8 (2014): 561-562.

Demonstrate utility in
real-world studies

Optimize predictive 
algorithms

Prospective 
clinical validation 
of predictive 
algorithms

Implement in 
scalable IT platform

Assess clinical utility 
& patient acceptance 

in pragmatic trials

Refine IT 
system to 

optimize utility 
& adherence

The Data Driven LEARNING Engine
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care-giver

self-report symptoms
passive sleep, activity
(social, physical) data

patient
independent
informer 

patient longitudinal 
data (secure, private cloud)

clinical assessments 
point-of-care adherence test
(EHR)

physician

Is my medication working?
Am I doing better?

Is his medication working?
Is he at a higher risk of relapse?
Is he taking his medication?

Is he  doing well?
Does he need help?

physician
patient

care-giver

http://www.google.com/url?url=http://wnku.org/support-wnku&rct=j&frm=1&q=&esrc=s&sa=U&ei=JnYEVKidIJHygwTk0oCQBw&ved=0CBYQ9QEwADgU&sig2=E4UDTvlHf9dvmmzQ1H3fMQ&usg=AFQjCNFULnUM6oo5v5o56mDBA_3bwxsGVQ
http://www.google.com/url?url=http://www.gamesparks.com/blog/cloud-based-games/&rct=j&frm=1&q=&esrc=s&sa=U&ei=PHgEVI3EE8SqggSW24LoBg&ved=0CBgQ9QEwAQ&sig2=Cxf2RaUh5WsfJ5bEAOcYCA&usg=AFQjCNHhex8KWZfr-72gp-InlVfmcgGqLQ
http://www.google.com/url?url=http://www.iconarchive.com/show/medical-icons-by-icons-land/People-Doctor-Male-icon.html&rct=j&frm=1&q=&esrc=s&sa=U&ei=33YEVPnBG8mUgwT6hIGYAg&ved=0CCIQ9QEwBjgU&sig2=l9wY1bNMeLV2jZXsiJoYnQ&usg=AFQjCNGCIL3irTJ9AkLf8jMrIEFeNQj8FQ
http://www.google.com/url?url=http://www.iconarchive.com/show/medical-icons-by-icons-land/People-Doctor-Male-icon.html&rct=j&frm=1&q=&esrc=s&sa=U&ei=33YEVPnBG8mUgwT6hIGYAg&ved=0CCIQ9QEwBjgU&sig2=l9wY1bNMeLV2jZXsiJoYnQ&usg=AFQjCNGCIL3irTJ9AkLf8jMrIEFeNQj8FQ
http://www.google.com/url?url=http://wnku.org/support-wnku&rct=j&frm=1&q=&esrc=s&sa=U&ei=JnYEVKidIJHygwTk0oCQBw&ved=0CBYQ9QEwADgU&sig2=E4UDTvlHf9dvmmzQ1H3fMQ&usg=AFQjCNFULnUM6oo5v5o56mDBA_3bwxsGVQ


early diagnosis

disease progression monitoring

Pre-Diagnosis Early Disease Chronic Disease

awareness

education

risk

health & wellness

tracking

adherence management, efficacy 

monitoring,  relapse prediction
non-pharmacological 

interventions
organ channels

continuous, longitudinal  engagement

low risk early disease managed diseasehigh risk

From Diagnose and Treat to Predict and Preempt: A Look Ahead
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