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Advancing the Clinical Science of Dementia:
Not Just Your Grandfather's Assessment
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The fundamental limitation of
current research... The ability to

detect meaningful change.

Cardinal features of change - slow
decline punctuated with acute,
unpredictable events - are
challenging to assess with legacy
tools and methods.
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Memory (ADNI-Mem Z-score).
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Challenge of Detecting Change: Self Report Inaccuracy

Are you sure?: Lapses in Self-Reported Activities Among Healthy
Older Adults Reporting Online. wild et al., 2015

“What were you doing during the past 2 hours?” n=95; Mean age 84 yrs

HEALTH &
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The following questions are part of a survey to help our research team confirm that the sensors in your home are working

OREGON 8

UNIVERSITY

properly.

Please re-create your past TwWO HOURS by typin

order that you did them {ex. tak

in bedroom at 10am):

1. Activity:

2: Activity:

30 Activity:

4: Activity:

* 26% No Match Between Sensors & Report
* 49% Partial Agreement

ing a shower in t%w

e 25% Full Match

@
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Location:

Location:

Location:

Location:

Oregon Technology and Aging Study

in the location and approximate time of things that you were doing, in the
e bathroom at 9am; eating breakfast in kitchen at 9:30am, using computer
Time:

Time:

Time:

Time:

Area  Firings

Kitchen 1
Bedroom 1
Kitchen 1
Living Room 1
Living Room 1
Bathroom 2
Living Room 1
Kitchen 1
Bedroom 1
Kitchen 1
Living Room 1
Kitchen 1
Living Room 1
Kitchen 1
Bedroom 1
Kitchen 1
Bedroom 1
Kitchen 1
Living Room 1
Kitchen 1
Living Room 1
Computer Room

WkFRrRRPRPRPORRPRPRRPRPRRPRPRRPRRPRPUOUOPDMNRPRPRRPRPRPEPWEPPR-

0:00:00
0:01:52
0:00:00
0:00:22
0:00:00
0:00:00
0:00:00
0:00:00
0:01:12
0:00:33
0:00:00
0:00:00
0:00:00
0:00:00
0:00:00
0:00:00
0:00:00
0:01:03
0:00:00
0:00:00
0:00:00
0:00:14



The Changing Clinical Research Paradigm

Real-time
Continuous
Home-based
Objective

Brief

Episodic > Pervasive Computing
Clinic-based » Wireless Technologies
Subjective > “Big Data Analytics”
Obtrusive

Inconvenient
= F_J

Unobtrusive

New Observations & Discovery
Maximally Effective Clinical Research

Useful & Trusted Products & Services
@ Better Outcomes for Patients & Families HEALTH =4
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Improving detection of change: The case for
continuous, objective, measures

 More data points = ~ |
* More accurate estimates M\Kw TRl
of trajectories (slopes over ﬁm
time)
* Earlier detection of change | | |
Baseline 12 Mos 24 Mos

Measured Function

<Iq>
/
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Many ways to approach/collect data using
pervasive computing and “digital biomarkers”

 Domain (genetic, environmental,
clinical); frequency (episodic,
continuous); certainty (supervised,
unsupervised); method of capture
(device, procedure); locus of capture
(home, work, hospital)

“Resist the law of the
hammer”

* In a growing diverse |oT, connected world, less focus on
devices to be used; more on when, where, and how to
practically and reliably capture longitudinal data.

=»Be Technology Agnostic € ,
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Technology ‘Agnostic’ Pervasive Computing Platform:

The Life Laboratory

TR

AAAA
LIFE LABORATORY
AAAA
AIMS STUDY
AAAA
LIFE LAB BC
AAAA
STUDY/SITE X

@ ORCATECH

B\ ctivity, Sleep, Mobility _'?‘e’iy g‘r’aTSroes'ggn' Pulse,
Time & Location P 2 :
o)
1 Secure
Internet
E ......
o -
Device / Sensor !
IIXII :
_________________ J
Computer Activity

Kaye et al. Journals of Gerontology: Psychological Sciences, 2011

Central Secure
Data Backend
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Identifying prodromal MCi
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Differentiation of early MCI: Total Activity & Walking

Variance in activity levels

05F L

45min 1.5 hrs 3hrs 6 hrs

Trajectories of walking
speed over time

Dodge, et al. Neurology, 2012

@ORCATECH

12 hrs

Log of Mean Walking Speed

(m/Second)

" 24hrs

0

-0.2

-0.4

-0.6

0.8 =

-1

-1.2

Activity patterns associated with
mild cognitive impairment
Hayes et al. Alzheimers Dement, 2008
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Early MCI - “high variability at baseline, then decreasing over time”

Late MCI - “ low variability and declining”

Trajectories of COV of Weekly Walking Speeds
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@ORCATECH Study Week

135
142
151
161
170
182

Dodge, et al. Neurology, 2012
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Differentiation of MCI:
Night-time Behavior & Sleep

Movement in
Bed (sensor
firings)

Wake After
Sleep Onset
(mins)

Settling Time
(mins)

Times up at
night (# times)

Total Sleep
Time (hrs)

6 8 10

27.2+1.2

2.5+0.07

2.1+£0.04

8.3+0.04

12 14 16
Week of Monitoring

13.5+2.6

2.3+0.15

1.6+0.10

8.5+0.09

18 20

10.9+0.7

20.6£2.0

3.1£0.11

1.9+0.08

8.5+0.07

Times Up At Night

p <0.05
(aMCl < naMCl)

p <0.001
(aMCl < intact,
naMcCl)

p <0.001
(naMCI > intact,
aMCl)

p <0.001
(aMCl < intact,
naMCl)

NS

2 4 6 8 10 12 14 16 18 20 22 24 26
Week of Monitoring

slble‘:t've mm No Differences Between Groups in Self-Report Measures
easure

Self-Report Intact aMClI naMCI P value
Measure

Subjective 2.0+0.3

Daytime

Sleepiness

Subjective 1.3+0.2 0.8+0.3 1.6+0.3 0.21
Insomnia

Subjective 1.0£0.1 04+03 0.7%0.2 0.34
Restlessness

Times up at 1.1+01 1.0+03 1.0%0.2 0.77
night

Hayes, et al. Alzheimer Dis Assoc Disord. 2014
Hayes, et al. IEEE Eng Med Biol Soc, 2010



Every Day Cognition: Medication adherence as a
measure of cognitive function

Significantly Worse
100 - Adherence in Lower

%0 | Cognition Group
80
* Adherence assessed 70 |
continuously x5 wkswith & |
MedTracker taking a E
* Mean Age - 83 yrs < »
X 40
* Based on ADAScog: Lower o | - -
Cognition Group vs Higher
Cognition Group 201
10 -
Hayes et al., Proceedings : Engineering in Medicine and 0

Biology Soc, 2006; Leen, et al., Technology and Aging,
2007 ; Hayes et al. .Journal of Aging Health, 2009; Hayes
et al. Telemedicine Jounal and E-Health, 2009

Lower Cognition Higher Cognition



Individual patterns of medication
adherence over time
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Every Day Cognition: Computer use changes over time in
MCI (without formal cognitive tests)

At Baseline: Mean
1.5 hours on
computer/per day

e Qver time:

— Less use days per
month

— Less use time
when in session

— More variable in
use pattern over

14 m
0 4 8 12 16 20 24 28 32 time

Months of Continuous Monitoring e

ORCATECH . , . HE{ASLCTIEINE
T BT Kaye, et al. Alzheimers Dement. 2014; Silbert et al., Alzheimers Dement, 2015 UNIVERSITY

Mean Days on Computer




Dyad Analysis
ﬂ | midnight _ E

Bedroom

Bathroom O
Living Room [
Kitchen O
Out of Home [

,// I("" /// ' “ GQR(A\.H H
‘.// 7 f,'. . PmSawml A | O7A5w
/ / v @ 2O

v o A [

WIFE

HUSBAND
|

Figure. Spiral plot (A) depicting the within home location of a husband and wife plotted on a 24 hour clock for
6 consecutive days using a Bluetooth beacon system (B - photo of one of the beacons deployed around the
home) paired with smartwatches (C) for individual localization. Each concentric circle outward depicts one day.
In A, the colors represent where the person is located (see key). The outer trace is the husband, inner trace is
the wife and middle trace is the activity of PIR sensors (see inset).

ATECH
@SSRI\GHIW I\’l.\g'l(}\ J- Austin, 2016




Self-Report Data will Always be Needed...
...If captured on-line may provide measures of cognitive
OO ———— function

s 100% -
In the past week, is someone newly

assisting you with medication

management, bathing, dressing or

I L past week, have you hed v silors who sleyed with you v your ors forar

grooming? re?
Yes
Have you felt downhearted or blue for Tir Ll et Lupmse aram losbunu UV W0 WY UL YOUr taedicutions OR slwled | newone?

three or more days in the past week?

Yes

No

In the past week I felt lonely. Figure 3: Screen shot showing questions presented for the weekly personal health

and activity record (or PHAR) on a mobile device. “Yes” responses result in a drop-

= down menu that asks for further detail. The survey is tracked for timing of each item
Q response and total time to complete the survey each week.
ORCATECH Seelye et al., Alzheimer’s & Dementia: Diagnosis, Assessment & Disease Monitoring, 2015

SENSING LIFE KINETICS Seelye et al., Alzheimer’s Disease & Assoc. Disorders, 2015



Some Use Cases...

Login

® sharp! ? i

Sharp!

Sharing History though
Active Remiriscence and Photo-imagery

Keeping body, mind and memory sharp!

Walk

Please choose a wak and thank you
for your partcipation!

palm Sunday Mar May7,2015

4

May 14,2015

ry Walk 2 May 21,2015

Selection Reminder
H

(@ waks s ? i

Afew reminders before we get started
O 1s your recorder on?

O Walk at amoderate pace so that you
can still comfortably hold a
conversation

O Keep walking while talking! Keep
Your pauses to view images under 3
minutes

Remember to stop immediately if any of

the following occur

LCE Y

Start

<@ Reminders ?: ‘

Begin Walk

00:00:00

Map

(@ Begin ne:
200 N Killingsworth St. 2008

= i
-
Memory Marker 1 00:00:00

Marker

Memory Marker 1

1950: Palm Sunday March
Vancouver Ave Baptist Church

Prompts

1950: Paim Sunday March

Vancouver Ave Baptist Church

@ Do you have any memories associated

® Growing up, how did your family
celebrate Easter?

@ What other social events or

elebrations from your past does this.
image bring to mind?

Remember to keep walking!

 Continue

End
E—

00:00:00
S



Applications Toward Advancing Clinical Care...

Internet searches to identify memory

concerned patients

Dataset represents an
average of 385 days of
continuous computer
search data (min 67
days, max 601 days)
from 77 participants
completing 8,899
searches (in Bing,
Google and Yahoo)

- Courtesy of J. Austin

@ORCATECH

i symyom

OREGON
HEALTH t&z=8

&SCIENCE

UNIVERSITY



Teledementia Care: Direct to Home

Alzheimer’s Care via Telemedicine for Oregon
(ACT-ON) Phase I: Establishing the Reliability of

Telemedicine-based Measures (Pls—A. Lindauer
and D. Erten-Lyons)

MoCA Score: Face-to-Face vs. Telemedicine ZBl score: Face-to-Face vs. Telemedicine

ICC=0.92 . | lcc=0.78

MoCA: Face-to-Face
ZBl : Face-to-Face
0]

0 5 10 15 20 25 0 2 4 6 8 10 12 14 16
MoCA: Telemedicine ZBI: Telemedicine

OOOOOO

@ORCATECH l ‘€alth Lindauer, AAN, 2016 ®;RH &SCIENE
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Advancing Clinical Trials...

CIDER
The First RCT ?
g ELIXIR of
E VITRIOL
a1 VINEGAR
(= 3 SCURVEY

=k | g0 B

12 SAILORS
& SEA WATER

ORANGES &
LEMONS

James Lind, 1774

BARLEY WATER

cancergrace.org: S. Ramalingham



RCT to Increase Social Interaction in MCI Using
Home-based Technologies (PI: H. Dodge)

Video Chat

* 6 week RCT of daily 30 min video chats

* 89% of all possible sessions completed;
Exceptional adherence — no drop-out

* Intervention group improved on executive/
fluency measure.

* MCI participants spoke 2985 words on
average while cognitively intact spoke 2423
words during sessions; better discrimination
of MCI than conventional tests (animal
fluency and delayed list recall)

Clinical Interventions, 2015 B s

UNIVERSITY

@ ORCATEC Dodge et al. Alzheimer's & Dementia: Translational Research & con



SHARP: Multi-modal Brain Health Program

) Health
Group Walking +

Education Group Walking + Memory Group Walking +
Reminiscence Session Reminiscence Session Reminiscence
45 minutes 30 minutes 45 minutes 30 minutes 45 minutes

In-home technology to monitor social engagement

2
SIMPSON

MISSISSIPPI
HAIGHT
MOORE

ALBINA AV

KILLINGSWORTH || CT

MMERCIAL AV

BLANDENA'ST

BORTHWICK | AV
GANTENBEIN

Pl: Raina Croff

(@ Map | 2l
Memory Marker 1

1950: Palm Sunday March
Vancouver Ave Baptist Church

03:00:00




Predictive Modeling Using Multi-Dimensional Data

——————————~

Large
Data

G Genomic data
P Population trends \
MAS Momentary Self-report

-

Variety '
Diverse /
Veracity | |
(Circle I 5
Size) . g I
I g > I
S5 n
g S
Q Certain I E S I
I Data Fusion -
Aggregation Predictive
I > quel
I *
O
Uncertain o » » = %
_ I (J] ¢
Alike >
_ ) I | Outcome
B Biomarkers I of Interest
C Clinical assessment y I
. ()
D Demographics I 2 £
EB Everyday behavior $ £ [
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EF Environmental factors €s
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Predictive Modeling Using Multi-Dimensional Data:

High dimensional data fusion model predicting MCl
49,992,645 observations

Context:
Weather, Consumer
Confidence Index, etc.

24/7 Behavioral -
Activity Data:

Computer use, time out of

home, etc. Outcome
] i
Weekly Self-Report: Sﬂ, 1
Mood, Pain, Falls, ER Visits, ﬁfg 1 7T¢
Visitors, etc... FE'rE A
5 :
l.{=| ;
Assessments:
Cognition, Physical
Function, Genetics,
Biomarkers, etc.
Health Records:
EHR, Pharmacy, Home
Care, etc.
ORCATECH _ HEALTH
SENSING LIFE KINETICS AUSl'In et al. 2015 &SSII\IIII\:‘/IE\;](%E



Predicting MCI Transitions: Sensitivity Analysis

e Likelihood of a MClI transition within the next 24
months — ROC AUC under curve=0.95

.00

.75

Sensitivity
.50

.25

.00

0.00

@ORCATECH

I
0.25

0.50 0.7%

1-Specificity

—®— Behavior 1
——8—— Clinical
Reference

—®— Behavior 2
—8— Fullmodel

I
1.00

Model
Behavior 1
Behavior 2
Clinical
Full

Model Fit & ROC/AUC
Results

AUC (SD)
0.85 (0.004)
0.85 (0.004)
0.88 (0.004)
0.95 (0.002)

OREGON
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ldentifying Drug Class Effects: Drug Action Behavioral
Fingerprinting
Example of analgesics

e N SAID e Opigid =N $AID and Opioid NSAID Opioid Both

Time spent out-of-home

Time asleep in the living
room

Sleep latency raobility

Time spentinthe bedroom

ime spentinthe
bathroom

. Logistic regression models treated as
sessions walking speed classifiers (and model fit statistics)

@ ORCATECH
Observation period: July, 2011 — March, 2014; 66,172,380 observations



Behavioral Fingerprinting by Treatment Status

Walking Speed

1.6
14

1.2
Trips out of Bed

Total Sleep

N

Medication Adherence

Time out of home

Computer Use

\ e====TREATMENT
/ e===P|LACEBO

s 1 ’ i . .
Values are odds ratios. 1 is the reference value, and is ‘normalized’ to placebo

@ ORCATEC
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Transforming Clinical Trials with High Frequency,
Objective, Continuous Data: “Big Data” for Each Subject

MCI Prevention Trial — Sample Size Estimates

Current Continuous
Method Measures

* Reduces required sample
size and/or time to identify
meaningful change.

* Reduces exposure to harm

LM Delayed Computer Walking

Recall* Use** Speed**

(fewer needed/ fewer
SAMPLE SIZE 688 10 94 exposed)
TO SHOW : .
A * More precise estimates of
SAMPLE SIZE 1076 16 148 the trajectory of change;
TO SHOW 40% allows for intra-individual
FPPECT dictions

re :

SAMPLE SIZE 1912 26 262 P ) :
TO SHOW 30% * Provides the opportunity to
EFFECT substantially improve
B P 58 588 efficiency and inform go/no-

EFFECT go decisions of trials.
ORCAITECH . ‘
f@ Dodge, et al., PLoS One, 2015 SOV rsiry




New Generation High Efficiency Clinical Trials

Traditional Trial Further

Enrichment: Enrichment:
Stratification according
to increased risk of AD.

Does not predict
who progresses

Can predict
who progresses

Sleep hygiene,
other risk factors Phve

etc...

AD Pathology
Group

ARARR
ARRAR » AR

2-3 months

Population AD Pathology
o n P
AARA

AL AMARR

6 months

Stratification according
to who will progress.

Biomarker Behavioral
Enrichment Phenotype
Imaging, CSF, Plasma, Enrichment
Genetics,

Time out of home,

s)

Disease Progression

AR

/)

4

Efficient Longitudinal

Assessment:
Continuously assessed
objective measures.
Detects individual relevant
change rapidly

Continuous

Assessment

Computer use,

Walking speed,
Activity, Mobility,

etc...

Continuous

Precision Phenotyped Assessment:

A

)

A

7\

/)

AD Progression

»

6 months
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Thank You!

a bacall

“This really is an innovative approach, but I’'m afraid
we can’t consider it. It's never been done before.”

OREGON (f)
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