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SLEEP REVOLUTION aims % O #

1. Transform current diagnostic methods for sleep-disordered breathing
2. Bring advanced sleep diagnostics from hospital into patient's home
3. Promote participatory health care with technological solutions

4. Develop different personalized treatment options for SDB patients
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From paper to the 4" industrial revolution

e
L
e
.
-
Eaial
Rl
o
e
s
==
e
s
R
ol
Ll
o=
Rl
-
e
30
-
L
L _J
o
s
\




a8 Hdg

+ o
) ‘ (‘

s <
v ownt

Sleep Revolution - The concept and objectives P o SLEEP
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P4 MEDICINE

PREDICT - PREVENT - PERZONALIZE - PARTICIPATORY _
Where we are operating
Automation
e -Big Data
. . T -Machine learning
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Patient data Tertnarsttes
-Sleep studies
-Health information

Digital technology
-Wearable technology

-Dynamic digital platform
-Subjective and objective
well-being

P4 concept originates from Flores et al 2013 and Figure comes from: Arnardottir, E. S., Islind, A. S., Oskarsdottir, M., Olafsdottir, K. A., August, E., Jonasdattir, L., Hrubos-
Strgm, H., Saavadra, J. M., Grote, L., Hedner, J., Héskuldsson, S., Agtstsson, J. S., J6hannsdéttir, K. R., McNicholas., W., T., Pevernagie, D., Sund, R., Toyras, J. &

Leppénen, T.. (2022). The Sleep Revolution project: the concept and objectives. Journal of Sleep Research, 31(4), 13630
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Designing together, in iterations increases acceptance

classical @ theory co-design

Islind, A.S., 2022. Co-Design as a Driver of Change. Performance Paradigm, (17), pp.166-180.
Islind, A. S., Lindroth, T., Lundin, J., & Steineck, G. (2019). Co-designing a digital platform with boundary objects: bringing together heterogeneous users in healthcare.
Health and Technology, 9, 425-438.
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The platform is built through a layered
modular architecture

Interface layer

Service layer

Security layer
Validation layer

Data layer

|
wiojyeld feubip inQO

Database layer

Cluster

Sveinbjarnarson, B. F., Schmitz, L., Arnardottir, E. S. & Islind, A. S. (2023). The Sleep Revolution Platform: A Dynamic Data Source Pipeline and Digital Platform Architecture for Complex Sleep Data.
Current Sleep Medicine Reports.



The way the data flows into the cluster from
the platform

¢ ™, f
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> Data in
Data source format that
et . is accepted
N _,/ LA Pipeline el \x_ -

.
Exporting selection Combine, transform Set ownership to
of data or convert data data points
"
Data source
¥
.
rmput H Zfﬁ:ﬂ::g‘az }4—{ Validate the data H Clean the data
funnat _

Data wrangling and processing of complex data into a unified data pipeline
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Sveinbjarnarson, B. F., Schmitz, L., Arnardottir, E. S. & Islind, A. S. (2023). The Sleep Revolution Platform: A Dynamic Data Source Pipeline and Digital Platform Architecture for Complex Sleep Data.

Current Sleep Medicine Reports.
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Towards a digital sleep diary standard % & =5

%J

" e Use the native environment
e Utilize established input
methods
Healthcare e Embed customization to
professionals ,  minimize participant
/ workload
/e Evaluate the application
continuously using analytics
T -  Professionals / | e Use digital elements to
increase compliance
Researchers
Artifact: Mobile
application
Alpha: Web prototype Beta: Mobile prototype

Figure 1. Action Design Research approach.

Schmitz, L., Sveinbjarnarson, B. F., Gunnarsson, G. N., Davidsson, O. A., Davidsson, b. B., Arnardottir, E. S, Oskarsdéttir, M. & Islind, A. S. (2022).
Towards a Digital Sleep Diary Standard. Americas Conference on Information Systems (AMCIS), Minneapolis, USA, August 2022
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Allow Notifications

®

Please press the button below and, if prompted,
press 'allow' to enable notifications.

We use notifications to remind you of the daily
sleep diary both in the morning and in the
evening. You can disable these notifications
From the settings whenever you want.

Welcome to the
revolution!

The SleepRevolution app can help you
regulate your sleep habits and measure
both the quality of your sleep and your
sleep experience over any period of time.

By continuing, you agree to our Terms And
Conditions and our Privacy Policy.

17:55 -l T % 17:55

Getting to know you

Do you drink alcoholic beverages?

NO YES NO

Getting to know you

Do you take prescription medicine to
help you sleep?

Notifications

Receive morning notifications

Morning Notification Time

09:00

all F % 17:55

YES [ [¢]

Getting to know you

Do you perform myofunctional

17:656 wll T 4
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Notifications Getting to know you

Receive evening notifications

Do you drink caffeinated beverages?

Evening Notification Time

PANY

oll F 17:55

ol T 5

®

No more snoozing,
let's go!

You're all set to begin your sleep revolution.

IF you wish to change any of the information you
set, or if you want to log out then you can do

exercises? ;
that from the settings page.

YES
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Getting to know you

Do you drink caffeinated beverages?

all T .

Sleep Diary

Did you wake up earlier than
you planned?

i

Sleep Diary

Did you wake up earlier than
you planned?

Info
If you woke up or were awakened
earlier than you planned, choose “yes".
If you woke up at your planned time,
choose “no”.

Ok

all T .

Sleep Diary

How sleepy were you today?

Moderate

i
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< Back Morning Sleep Diary Results

]
8
7
6
5
4
3
2
1
0

Sleep Duration

February 13 - February 19

Sun Mon Tue Wed Thu Fri Sat

E Raw Data

Your Data




The cognitive tasks

@ Instructions @ Instructions

A sequence of boxes will flash in yellow. Your

job is to tap the boxes in the same order as they

flashed and then tap “Done!”. If you made a

mistake, then you can tap “Reset” and try again. Pick the color of the word, not what the
word says.

O Don't show this again. Don't show this again.

Start Test

Q Instructions

Every round a pi shape will flash quickly on the
screen. Choose which side of the pi shape has a
shorter stem. Note that reaction time is not a
factor for this task.

Don't show this again.

Instructions

When the pattern appears, tap the screen as
fast as you can!

O Don't show this again.

m SLEEP
\ ’ REVOLUTION
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Visualization of data

10:05 10:07

< Back Morning Sleep Diary Results

< Back Alertness Test Results

Number of successes

Sleep Duration

October 2021 M

M October 2021

Reaction Time

M

October 2021

®

Your Data




Settings

Settings

Notifications
Receive morning notifications
Recieve evening notifications

Morning Notification Time

Evening Notification Time

Account

User islind@ru.is

ge App Language

About You

Do you drink alcoholic beverages?
Do you drink caffeinated beverages?

Do you take prescription medicine
to help you sleep?

Do you perform
myofunctional exercises?

‘ Open in Settings

Settings

Settings

About You

Do you drink alcoholic beverages?
Do you drink caffeinated beverages?

Do you take prescription medicine
to help you sleep?

Do you perform
myofunctional exercises?

Awereness Test

Show Instructions

Corsi Block-Tapping
Show Instructions

Inspection Time Task

Show Instructions

Reaction Test

Show Instructions
Instant feedback

Haptic Feedback

Input type Touch down

o

Settings

Settings

Reaction Test

Show Instructions
Instant feedback

Haptic Feedback

Input type Touch down

Test Duration 3 Minutes

Time between stimulus
2 sec 10 sec

* o

Privacy Settings

Enable Automatic Syncing
Enable Analytics

Hide Device Name

e

Settings

Ty wrt

h SLEEP
\ ’ REVOLUTION



7] 2
””””””

Although the version we just looked at was
great — we went back to the drawing board

mers[stakcholdcrs designers/resedrchers
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User involvement through co-design

 The value of co-design — we do everything with input from the
users

 The user involvement was incredibly insightful
 Forinstance, the users liked the dark mode

e We learned that were several things that we could improve in the
app

* For instance, it was not considered to have a high hedonic quality;
ergo, it was a bit dull

* We made changes, and we now have a new version of it

Schmitz, L., Sveinbjarnarson, B. F., Gunnarsson, G. N., Davidsson, O. A., Davidsson, b. B., Arnardottir, E. S, Oskarsdottir, M. & Islind, A. S. (2022).
Towards a Digital Sleep Diary Standard. Americas Conference on Information Systems (AMCIS), Minneapolis, USA, August 2022
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When we dream, we have ﬁ
rapid eye movements - ‘
hence called REM sleep

(%) F

Did you wake up earlier than

L 4 28TH SEPTEMBER o0

When we dream, we have r‘§\
rapid eye movements - &
hence called REM sleep

(%) 3 =

How would you rate the

28TH SEPTEMBER -t

When we dream, we have r‘§\
rapid eye movements - &
hence called REM sleep

28TH SEPTEMBER

When dreaming, we cannot ﬁ
move - to not act out our ‘
dreams

N

How stressed were you today?

you planned? quality of your sleep?

very good

A SLEEP
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& 28TH SEPTEMBER :g

- Week Month Year
Sleep duration C
8:0
hours.
Exercise 53 Naps o
1:35 0
hours times
Caffeine Alcohol 11
3 1

drinks

drinks

? O ®

Overview
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When we dream, we have ﬁ
rapid eye movements - ‘
hence called REM sleep

Did you wake up earlier than

you planned?

? r\ SLEEP
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FLEXIBILITY GAME FLEXIBILITY GAME FLEXIBILITY GAME

Red

Yellow

Yellow Yellow

Morning Sleep Diary now
How did you sleep? Time for the morning
sleep diary.
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( MYOFUNCTIONAL EXERCISES

® Reduce caffeine  3daysleft Air Pump

Caffeine has a negative effect on your sleep
quality. Try to minimize your caffeine intake
for 8 hours before your bedtime.

. ‘ . ‘ . Caffeine has a negative effect on your sleep

quality. Try to minimize your caffeine intake
for 8 hours before your bedtime.

Repeat 5 times.
* Streak

Max. amount of caffeinated drinks: N

Su M Tu w

00 : 0
2

No more caffeine after: 10 11 12

Settings

14:00

KT

Time bound test Continous test Oromyofunctional exercises

in the app




The data flows into one digital platform 2 O o

Activities

=] Morning Sleep Diary

A small daily survey to keep track of
your sleep.

Open Sleep Diary

Evening Sleep Diary

A small daily survey to keep track of
your sleep.

Open Sleep D!

% Flexibility Game

Find out how awake you are by taking this
short test.

Open Flexibility Game

® Reaction Game

Try this gane to see how quickly you can react

Login

Email *

Password *

Forgot your password?

Pires, G. N., Arnardattir, E. S., Islind, A. S., Leppanen, T. & McNicholas, W. T. (2023). Consumer Sleep Technology for the Screening of Obstructive Sleep Apnea and Snoring: Current Status and
a Protocol for a Systematic Review and Meta-analysis of Diagnostic Test Accuracy. Journal of Sleep Research.
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Consumer wearables, how to utilize them?

Type 2 sleep study Wearables
At home At home
Input Output g
g@ e

Black Box Testing

O

Arnardottir, E. S., Islind, A. S. & Oskarsdéttir, M. (2021). The Future of Sleep Measurements. Sleep Medicine: Current Challenges and lts Future. Sleep Medicine Clinics, 16, 447-464.
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The platform — allows stakeholders access to 20
data

HPC
SleepWell — our digital platform

Researcher

Participant

Healthcare professional

: I




@ sleep Revolution

©

February 2023

G Flexibility game

Tu

Cognitive Tasks

Dear participant,

Welcome to Sleep Revolutions' cognitive platform. We
recommend that you find a private space, without
much interruptions where you can complete the
cognitive tasks. We would also like to ask you to do
the cognitive tasks in the cognitive platform and
phone app, at a similar time of day each time you are
notified to do them (at the beginning of the study, in
week 4, in week 8 and in week 13). It would be optimal
if you are able to do the tasks in the cognitive platform
(preferably using a computer) and in the phone app
between the times of 10:00 - 14:00. If you are unable

to fit it into the days of the week, you can choose to
do them on the weekend.

With kindest regards from the Sleep Revolution team.

[® Logout

Load more

SLEEP
REVOLUTION
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® Reaction Task i= List Learning Task -o- Digit Symbol Coding

Try this game to see how quickly you can Try this game to check out your short term Try this game to check out your photographic
react to visual stimuli. memory. memory.

T e, —

“\. Line Orientation Task {3 Auditory Verbal Learning + PASAT-C

Measures visuoperceptual abilities, visual Try this game to check out your verbal Try this game to test your information
matching and spatial relation memory. processing speed through audio.

 ommaer womms —

+ PVSAT |1, Tower Of London

Try this game to test your information Try this game to test your cognitive flexibility,
processing speed through visualization. monitoring and updating.

C ommew R ———
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Cognitive tasks in the platform

Problem 1

Tower of London Line orientation task
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Cognitive tasks in the platform

AWaol o
11][2][3][4][5][s][7]
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00000000

Digit symbol coding

PVSAT
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The ESQ

This sleep questionnaire has been designed to gather information about:

1) your help request,

2) your sleep profile,

)

)

E)

4) your sleep affecting others,
)
)

fFactors affecting your sleep,

5) your nocturnal sleep,
6) your daytime functioning.

We would like to ask you to complete all the questions of this questionnaire as truthful as possible.
Thank you for taking the time to fill in this questionnaire.

Start the questionnaire

General information are questions regarding you, your health and your habits.

Start General Information




The 3-months studies

i) Self-applied polysomnograpy in the beginning for three nights

i) Sleep diary mornings and evenings (in app)

i) Cognitive tasks once per week (in app)

iii) Large cognitive battery at the beginning and end (in lab)

iv) Wrist worn wearable for continous monitoring

v) Several questionairs
vi) Semi-structured interviews

at the end

In the pilot, we had 45 with high compliance (59 in total)

Variable Mean £+ SD
Age [years] 48.9 + 14.6
Weight (kg 89.0k 15.5
Height [cm] 173.4 + 8.4
BMI [kg/m?] 28.2 +4.7

&

SD = standard deviation, BMI = body mass index

SLEEP
REVOLUTION




Measurements Sam, -
« Single-night sleep recording « Multi-nightsleep = # O REVOLUTION

|
|
f:: : recordings
k\ 7&2\ I e Long-term ,
§M_;\ | monitoring with e
A b ' wearables & a
a : PP At home

In hospital

Korkalainen H., Kainulainen S., Islind A. S., Oskarsdéttir M., Strassberger, C. Nikkonen, S., Téyras, J., Kulkas, A., Grote, L., Hedner, L., Sund, R., Hrubos-Strom, H., Saavedra, J. M., Olafsdoéttir, K. A., Agistsson, J. S., Terrill, P. I., T.
McNicholas, W. T., Arnardéttir, E. S. & Leppanen T. (under review). Review and Perspective on Sleep-Disordered Breathing Research and the Translation to Clinical Care.



Measurements o,
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e Single-night sleep recording e Multi-night sleep _ * REVOLUTION

I
I .
| recordings
G-) .
K ' | e Long-term
M ~ | monitoring with oy
_ : wearables & app
In hospital At home
Analysis
e Manual scoring 1 * Machine learning-based scoring
I
I
I
I
I
I
:
With delay | Instantly

Korkalainen H., Kainulainen S., Islind A. S., Oskarsdéttir M., Strassberger, C. Nikkonen, S., Téyras, J., Kulkas, A., Grote, L., Hedner, L., Sund, R., Hrubos-Strom, H., Saavedra, J. M., Olafsdoéttir, K. A., Agistsson, J. S., Terrill, P. I., T.
McNicholas, W. T., Arnardéttir, E. S. & Leppanen T. (under review). Review and Perspective on Sleep-Disordered Breathing Research and the Translation to Clinical Care.



Measurements e
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e Single-night sleep recording e Multi-night sleep * O REVOLUTION

!
|
() | recordings
e = - |
R ¥ ' I e Long-term
LN AR I I
M'ﬂl} - ~ | monitoring with
}~-—-<{\\ , : wearables & app
| ' In hospital

Analysis

e Manual scoring e Machine learning-based scoring

With delay

Diagnosis -
e Complex correlations
and SDB phenotypes —3

|
e AHI and sleepiness evaluation l
[
: ¢ Instant and accessible
[
|
[
|

e SDB category

e.g. AHl = 254, ES5 =12 feedback to the Lall.

patients

Simple output In-depth output

Korkalainen H., Kainulainen S., Islind A. S., Oskarsdéttir M., Strassberger, C. Nikkonen, S., Téyras, J., Kulkas, A., Grote, L., Hedner, L., Sund, R., Hrubos-Strom, H., Saavedra, J. M., Olafsdoéttir, K. A., Agistsson, J. S., Terrill, P. I., T.
McNicholas, W. T., Arnardéttir, E. S. & Leppanen T. (under review). Review and Perspective on Sleep-Disordered Breathing Research and the Translation to Clinical Care.
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e Single-night sleep recording e Multi-night sleep ) :1#_5 O REVOLUTION

recordings

e Long-term
monitoring with
wearables & app

At home

In hospital

Analysis
e Machine learning-based scoring

With delay

Diagnosis -
e Complex correlations
and SDB phenotypes ——3

|
e AHI and sleepiness evaluation :
|
: ¢ [nstant and accessible
|
|
|
|

e SDB category

e.g. AHI =254, ESS = 12 feedback to the Lanll

Simple output patiEnts

» Phenotype-driven
interventions

1
|
e Only the reduction :
=  Regular follow-up
1
|
1
|
1

in CPAP-AHI is
considered

_ S recordings
No follow-up Digital follow-up

Korkalainen H., Kainulainen S., Islind A. S., Oskarsdéttir M., Strassberger, C. Nikkonen, S., Téyras, J., Kulkas, A., Grote, L., Hedner, L., Sund, R., Hrubos-Strom, H., Saavedra, J. M., Olafsdoéttir, K. A., Agistsson, J. S., Terrill, P. I., T.

McNicholas, W. T., Arnardéttir, E. S. & Leppanen T. (under review). Review and Perspective on Sleep-Disordered Breathing Research and the Translation to Clinical Care.
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