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Medical burden of sleep disorder
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Highlight

< Sleep characteristic across the lifespan
< Sleep monitoring

< Circadian and chronotype

* Non-pharmacologic and non-mechanical managem
< Data-driven revolution in sleep science

<+ Sleep technology
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Physiology of sleep
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Sleep stage across lifespan
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Function of sleep: memory

<+ Sleep promotes consolidation of memory learned before
sleep and acquisition of new memories learned after sleep

< Slow wave sleep (SWS) and REM were beneficial for
declarative and procedure memories, respectively

<+ Recently, REM has been reported to facilitate the verbal
learning by consolidation of language-related learning

* REM and SWS deprivation adversely affected explicit verbal recall.

 REM is associated with verbal function in Down syndrome children

Mednick S Nat Neurosci. 2003; Rauchs G. J Sleep Res. 2005; Casey SJ Neuropsychology. 2016; Spano G. /»f - R
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Sleep duration across lifespan: short sleep

duration is harmful i
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Measurement of sleep

< Subjective
* Habitual sleep pattern: sleep log
* Sleep quality:
* Pittsburgh Sleep Quality Index (PSQl) (PSQI>5 poor quality)
e Visual analog scale
<+ Objective
e Polysomnography (PSG)
* Actiwatch
* Single lead EEG
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Sleep log: self report habitual sleep pattern
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Sleep log: self report

habitual sleep pattern
Bk AT 3L F 5 K
Parameter

* Time in bed (TIB)

Time to try to fall asleep

Latency of sleep onset (LSO)

Wake after sleep onset
(WASO)

Sleep hour

Sleep quality

Sleep efficiency= sleep
hour/TIB
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sleep

sleep

sleep

awake

Time to get on bed

Time to try to fall sleep

Onset latency

¢ Awake 1

d Awake 2

Last awake

Time to get off bed

Actiwatch: 15t Rest epoch

Sleep log

@ Time in bed (TIB) =7 — 1

@ Onset latency =b

® Sleep onset = 3

@ Sleep period =6 - 3

® Frequency of awake = 2

® WASO=c+d

@ Total sleeptime=6—-2—-b—-c—d

Actiwatch: Rest-S {& 1st Rest epoch

Actiwatch: Rest 12 1st Active epoch
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Actiwatch: objective measurement of sleep-

pattern
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Polysomnography: montage

< 6 EEG: F4-M1, Cc4-M1, 02-M1, F3-M2, C3-
M2, 01-M2

< 2 EOG: E1-M2, E2-M2

EMG: submental (3), leg (2), arm (2)

seizure montage sleep montage
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myoclonus

v Datatype EEG v o\ n| T | HP OF - LP OF

Video polysomnography: propriospinal
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Video polysomnography: Confusional arousal
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Video polysomnography: Confusional arousal
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Home sleep testing (HST) for diagnosis of OSA

< Portable monitor (PM) classification
* Type 2: > 7 channel

e Type 3: >4 channel including ventilation,
HR or ECG, and SpO,

* Type 4: 1 or 2 channel

.2+ PM not appropriate for patients
* |« Comorbidity: moderate-severe
pulmonary disease, NMD, or CHF

* Sleep disorders: CSA, PLM, insomnia,
parasomnia, circadian rhythm disorders,
narcolepsy
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Out-Of-Center testing: SCOPER classification

<+ SCOPER: Sleep, Cardiovascular, Oximetry, Position, Effort, and
Respiratory
< Criteria for clinically practice: LR+ > 5; Sensitivity=0.825; In-
lab AHI > 5/hr

Sleep Cardiovascular Oximetry Position Effort Respiratory
S,-Sleepby 3EEG | C,-more than 1 O, — Oximetry (finger | P, - Video or E,-2RIP belts R, — Nasal pressure
channels- with ECGlead —can or ear) with visual position and thermal
EOG and chin derive events recommended measurement device
EMG sampling
S, - Sleep by less C, - Peripheral 0,, — Oximetry (finger | P,—Non- E,-1RIP belt R, — Nasal pressure
than 3 EEG- with artenial orear) without | visual position
or without EOG fonometry recommended measurement
or chin EMG sampling
(per Scoring
Manual) or not
described
S, - Sleep surrogate: | C,- Standard ECG 0, — Oximetry with E, - Derived effort R, — Thermal device
e.g. actigraphy measure (1 lead) alternative site (e.g. forehead
(e.g. forehead) VErsus pressure,
FVP)
S, — Other sleep C, — Derived pulse O, — Other oximetry E, — Other effort R, - End-Tidal CO,
measure (typically from measure (ETCO,)
oximetry) (including piezo
belts)
C, — Other cardiac R; — Other respiratory
measure measure

Collop NA. J Clin Sleep Med 2011
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OSA Devices for Out-Of-Center Testing

[all PSG determuned respiratory events (apneas, hypopneas using other definitions, RERAS)]

AHI = ,
Total sleep time (h)
= Lall PSG determuned respiratory events (apneas, hypopneas using other defimtions, RERAs)]
AHI =
Total sleep tume (h)
apneas + hypopneas
RE[— Lo ypopneas]

Total sleep or recording time (h)

1. odds = probability /(1-probability )

pre Z pre

(B

. odds . =odds > LR+

post

['S)

. probability = odds  /(1+odds )
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OSA Devices for Out-Of-Center Testing

Categorized by SCOPER

Device Name Sleep Cardiac  Oximetry Position Effort Respiratory
ApnealLink (Ng 2009) 0 4 1x 0 0 2
Apnoescreen | (Golpe 2002) 3 4 1x 2 0 3
Apnoescreen |l (Garcia-Diaz 2007) 3 3 1x 2 4 3
ARES (Westbrook 2005) 3 4 2 2 0 )
ARES (Ayappa 2008, To 2009) 3 4 2 2 3 2
Compumedics PS-2 (lber 2004) 2 3 1x 0 1 3
Embletta PDS (Ng 2010) 0 4 1x 2 1 2
Embletta (Dingli 2003) 0 0 1x 2 4 2
Morpheux Hx software with standard hospital signals (Amir 2010) 4 3 1x 0 4 4
Northeast Monitoring Holter-oximeter (Heneghan 2008) 0 3 1x 0 0 0
Novasom QSG/Bedbugg/Silent Night (Reichert 2003) 0 4 1x 0 X 5
Novasom QSG/Bedbugg/Silent Night (Claman 2001) 0 4 1x 0 4 5
Remmers/SnoreSat (Jobin 2007) 0 0 1x 2 0 5
Siesta (Campbell 2010) 2 3 1x 2 4 1
SNAP (Michaelson 2006) 0 4 1x 0 0 )
SNAP (Su 2004) 0 4 1x 0 X 5
Somte/Morpheus (Takama 2010) 0 4 1x 0 X 3
Stardust Il (Yin 2006, Santos-Silva 2009) 0 4 1x 2 4 2
WatchPAT (Bar 2003) 0 2 1x 2 0 0
WatchPAT (Ayas 2003, Pittman 2004, Pittman 2006, 3 2 1x 2 0 0

Zou 2006, Pang 2007, Choi 2010)

2k \
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Sleep tracking

Company

Product

Launch Year

Used Signal

Provided Data

Features

Innovative Sleep
Solutions, LLC

SleepTracker

| | ; L]

—

2007

Actigraphy

Sleep stages, sleep
hours, sleep efficiency

Analyze sleep pattern,
smart alarm, track
sleep efficiency

Fitbit Inc.

One™

Fitbit Inc.

Flex™

2012

Actigraphy and
altimeter

Steps taken, calories
burned, distance
traveled, stairs

climbed, sleep hours,
sleep efficiency

Set goals, silent
alarms, track sleep
efficiency, playable

with other apps

2013
Actigraphy

Steps taken, calories
burned, distance
traveled, activity

minutes, sleep hours,
sleep efficiency

Set goals with feedback
of LED score, silent
alarms, track sleep

efficiency, playable with

Ao
other apps 'f_zf;v-w;ﬁ
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Comparison of sleep Tracking with PSG

< PSG vs wristband (UP) vs smartphone application (MotionX
24/7) vs actigraphy (Actiwatch2) in pediatrics with SDB
 N=78, 65% male, 8.41t4.0 y/o
* Outcome: sleep onset latency (SOL), total sleep time (TST), wake
after sleep onset (WASO), and sleep efficiency (SE)

e Result

* No differences in mean TST, WASO, or SE between PSG and actigraphy or PSG
and UP

» Actigraphy overestimated SOL (21 min). MotionX 24/7 underestimated SOL
(12 min) and WASO (63 min), and overestimated TST (106 min) and SE (17%)

* UP showed good sensitivity (0.92) and accuracy (0.86) but poor specificity
(0.66)

2k \
Toon E. J Clin Sleep Med 2015 ot R D



Multiple Sleep Latency Test (MSLT)
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Maintenance Of Wakefulness Test (MWT)

<+ Measuring ability to stay wake

< MWT doesn’t correlate with the average sleep latency of
MSLT

% Procedure
e 4-trial of 20-40 min

* Average sleep latency
* Normal: 35.2 min for 40-min test and 18.7 min for 20-min test

* Narcolepsy: sleep latency around 10 min

Lk
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Agreement between self-report and PSG sleep

hour is higher in elderly

N=7491 Self-report sleep hour (h)
All <65 y/o >65 y/o male female male<65 male 265 female<65 female 265
PSG >5 >5 >5 >5 >5 >5 >5 >5 >5
sleep hour (h) <5 and <5 and <5 and <5 and <5 and <5 and <5 and <5 and <5 and
<6 <6 <6 <6 <6 <6 <6 <6 <6
<5 184 346 128 265 56 81 133 251 51 95 96 195 37 56 32 70 19 25
>5 and <6 232 530 198 472 34 58 144 374 88 156 125 333 19 41 73 139 15 17
>6 106 288 93 272 13 16 71 211 35 77 61 200 10 11 32 72 3 5
Agreementin | .o o 74.4 88.8 76.2 77.7 74.2 87.9 75.1 90.5
<6h (%)
Agreementin | 5., 30.5 54.4 38.2 293 34.0 56.1 23.4 51.4
<5h (%)
2
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Circadian and chronotype

« Circadian biomarker
* Melatonin
e Cortisol
* Thyroid stimulating hormone

* Core temperature

WAKING SLEEP * Urine output
— H H—— ] ] ]
7 23 7 23 7« Intrinsic clock: free running,
TIME OF DAY 24-25 hr
S: sleep driving; C: circadian % Ch ronOtype

Entrainment vs detrainment

G K N
Borbély Hum Neurobiol 1982 onTos BEER D



Influences of light on sleep and circadian

Indirect pathway

Circadian phase Hi d Jent
. ippocampal-dependen
|pRGC (Ml'S) learning
non-image forming ganglion cell Direct pathway
< Increasing Frequency (v)
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Luminance and color temperature

lluminance (lux)

Surfaces illuminated by

Colour Temperature in Kelvin (K)

0.002 Moonless clear night sky with airglow
0.05-0.3 Full moon on a clear night

50 Family living room lights

80 Toilet lighting

100 Very dark overcast day

320-500 Office lighting

400 Sunrise or sunset on a clear day.

1000 Typical TV studio lighting

10,000-25,000

Full daylight (not direct sun)

32,000-100,000

Direct sunlight

LeGates TA. Nature 2014
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Clear blue sky (10,000)

Cloudy sky (6,500)

Midday sun (5,500)

Moonlight (4,000)
Morning/evening sun (3,500)
Lightbulb (3,000)
Sunrise/sunset (2,500)

Candle flame (1,800)



Effect of light on sleepiness and well-being

Relative Sleepiness
adjusted to pre-light exposure
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Environmental impact on chronotype: diet and

exercise

< Early evening exercise forward
body clock

a/C | REAT

% Alcohol

Ambient
,  Temperature

S—BE

Light
Pollution

<+ Phase advances vs phase delays

Circadian
Fitness

1200 1600 2000 2400 0400 0800 1200
|

Advanced sleep phase disorder

SE— Typical sleep phase
Delayed sleep phase disorder

Continuous
Food
Availability

Sedentary
Lifestyle

Evolutionary Entrainment Cues ‘

/ f '1!31*:1, EEREP .
Gerhart-Hines Endocrine Review 2015 NTUH 15



Chronobiologic monitoring techniques

< Subjective

* Munich ChronoType Questionnaire (MCTQ)
<+ Objective

e 3-14 day actiwatch (5 weekday+2 weekend)

 Salivary or plasma melatonin

* Dim light melatonin onset (DLMO) and offset: evening rise in blood
levels of melatonin. approximately 10.75 hours before wakeup time.

+ Chronotype: morning type, evening type, intermediate

Smith MT. J Clin Sleep Med. 2018 Nron BERR D



Assessment of chronotype: MCTQ

i 2. ok a

Suhre _5
< Munich ChronoType Questionnaire (MCTQ)
 Shift vs no shift

How to fill out the Munich ChronoType Questionnaire:

| 77 W, A S ,'«":»",’ o 4
P L9 727 ;,g
| L) - 4914 AP

Y

<+ Midsleep
* Bedtime + sleep onset + sleep duration/2
 Weekday: W1-4, W7 night (MSF); free day: W5-6 night (MSW)

+ Social jet lag= midsleep time on free day (MSF)- midsleep
time on work day (MSW)

Roenneberg T. Journal of Biological Rhythm 2003; Juda M. Journal of Biological s
Rhythm 2013; Cheng WJ. Chronobiology International 2017. ConTon BERR FhuD



Detection of circadian rhythm with Actiwatch

150 — — 1200

— activity count
— model fit
— — — RGB

100 —

Activity
Luminous

50 —

I
6 12 18 0 6 12 18 O 6 12 18 0 6 12 18 0 6

weekend

12 18 0 6 12 18 O 6 12 18

The phase of clock is different during the weekday and weekend
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Habitual sleep pattern in a community based

< 304 eligible registered, 108 randomly selected, 105 recruited

<+ Demographic
Age 34 (30 - 39), male 78%, ®& B&(ESS>10) 36.2%, Bk 0 7= & 1% (PSQl >5) 64.8%,

J& (HADS-A >7): 29.5%, % # (HADS-D >7): 21%

population

Sleep profile: total sleep time (TST) <6hr 68.5%

yca

SN

Sleep log Actiwatch
TST bedtime Get off bed |TST Sleep SE
latency
7 day 405 (345 — 447) 8;282)(00:18 B 8;3(2))(06:48 - 32519:2)(292.8 - 8.5 (0-31.8) 81.9 (74.3 - 86.9)
Weekday 394 (340 — 430) 8122;00:18 B 8;;(2)3)(06:42 - 339 (290.8-379.1) | 9.5 (0 - 31.5) 83.1(75.9 - 87.6)
weekend 445(370 — 489) 8;23)(00:18_ 8;;22)(07:00_ 345.9 (295.4 — 389) | 7.5 (0 -34.5) 78 (69.3 - 83.7)

How can we do better?

A
':af wb
NTUH
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Light therapy

< Apparatus

 Maximum illuminance of 10,000 lux with the patient seated in a position with the
eyes about 30 cm from the screen

Philips Sleep & Wake-up Light energy and mood light

% Adverse effect

* If evening light is timed too late, the patient can develop insomnia and
hyperactivity

* If morning light is timed too early, the patient can awaken prematurely

* Mild visual complaints included blurred vision, eyestrain, and photopholg;af
NTon BEAR R D



Clinical Free living
PSG Diaries
CPAP HR

Data-driven revolution in sleep science

Data acquisition

Data extraction & transformation
Data cleaning & anonymization
Data selection (filtering, aggregation,

Data storage querying)
& curation

. Very Strong Q Strong GModerate @ Weak Q None

Device Performance Metrics

—
:
J

Smart watches

Sleep Sleep Sleep Sleep
Time Quality Stages | Disorders

Polysomnography . O .

% P Data preparation (normalisation,
= {@3 transformation, intergration, featurisation,
———— validation)

Data processing

Scalability | Usability

Ultrasound

Wearable Devices
Mobile health

Bed Sensors

Heuristic approaches
Machine/statistical learning
Deep/transfer learning

Modelling

Q

RF sensors

Mobile Health
Wireless EEG

»|(»© & o6
00+ 600
v ® O 0

9
9
Videosomnography O
®
®

Sleep Diaries

Applications [ W

Medical L Consumer

Clinical support
systems
Intervention
Research purposes

Recommendation systems
Lifestyle products

Perez-Pozuelo I. npj digital medicine 2020 40



Predict sleep-wake with activity count with CNN

and LSTM (MESA sleep study, n=6,814)

Accuracy 1

MESA: Multi-Ethnic Study of Atherosclerosis

Specificity
Precision
900+ Recall
» TASK Night MesalD = 345
800-.‘ TASK Night&Day >
F1
700 N Sleep
5  Awake
n&Jeuo- WASO REOES) 1
]
2500
‘E YNV S{eN -0.89 1 0.18 -0.82 -0.86 -0.98 Jelai 1
2 400+
Z
%’300' Sleep Eff. [OScHE R yAPEN 0.92 0.07 BB IREONE]
<L
200
‘ ‘ IPYESE S -0.93 -0.33 -0.89 -0.49 -0.81 1034 HiR:[W -0.15
100+ J
[ | ‘ _J > o c = — @] @] $
,Q:‘“'P ,g;"} & i 3 § G & = = §
& o & < "
v s

Palotti J. npj Digital Medicine 2019
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Expert scoring: AASM scoring manual

< Signal
* F4,C4, 02-M1; F3, C3, O1-M2; E1-M2, E1-M1

* Chin EMG, snore, nasal pressure, thermist, chest/abdomen
movement, Sp02, ECG, leg EMG (PLM is not analyzed)

< Respiratory indices

* Apnea: drop in thermist 290% for > 10 sec with 290% duration meet
the amplitude criteria

* Hypopnea: drop in thermist 230% with 24% desaturation for > 10
sec for 290% duration meet the amplitude criteria

* ODI: desaturations > 4% of sleep

Magalang Sleep 2013 Nron BEER FR D>



Inter-scorer reliability using majority score as

ground truth: in OSA patients

+ EEG (kappa)

GT: ground truth

Score 1vs 2 Score 2 vs 3 Score 1vs 3 Score 1vs GT Score 2 vs GT Score 3 vs GT

Wake 0.95 (+-0.06) 0.97(+-0.08) 0.95(+-0.05) 0.96(+-0.03) 0.98(+-0.06) 0.98(+-0.05)
N1 0.83 (+-0.1) 0.94(+-0.1) 0.84(+-0.08) 0.86(+-0.09) 0.97(+-0.09) 0.98(+-0.04)

N2 0.82 (+-0.12) 0.94(+-0.12) 0.83(+-0.09) 0.85(+-0.10) 0.96(+-0.1) 0.97(+-0.04)

N3 0.93 (+-0.09) 0.97(+-0.09) 0.95(+-0.05) 0.95(+-0.05) 0.98(+-0.02) 0.99(+-0.02)
REM 0.95 (+-0.1) 0.97(+-0.1) 0.96(+-0.02) 0.97(+-0.03) 0.99(+-0.1) 0.99(+-0.02)

+ Airflow (kappa)

Score 1vs 2 Score 2 vs 3 Score 1vs 3 Score 1vs GT Score 2 vs GT Score 3 vs GT

Obstructive 0.68(10.12) 0.75(+0.17) 0.70(+0.16) 0.73(+0.11) 0.65(+0.16) 0.74(+0.12)
hypopnea 0.69(+0.11) 0.81(+0.10) 0.81(0.12) 0.80(+0.12) 0.70(+0.12) 0.79(+0.11)
Central 0.48(+0.21) 0.64(+0.26) 0.69(+0.24) 0.79(+0.20) 0.46(+0.22) 0.60(+0.21)
Mixed 0.49(+0.36) 0.68(+0.20) 0.67(+0.26) 0.69(+0.23) 0.44(+0.26) 0.71(+0.22)
No-event 0.80(+0.10) 0.85(+0.11) 0.83(£0.11) 0.81(£0.11) 0.80(£0.11) 0.84(£0.10)

Kmm
Chiu HC and Liu PK In preparation Onron BEAR AR D




Evaluating consumer and clinical sleep

technology

+ sleep device/app type < Guide to evaluating sleep
technology

Awareness of FDA terms

Defining sleep term definitions across devices/apps
Defining populations

Data integrity

Applications of new sensors, new sensor applications,
or other novel technologies

S — Awareness of proprietary Al/ML/DL algorithms

L e Defining validation methods for claimed capabilities

Consurer S
/1

Hybrid or [

Transitional

Clinical

2
G

NTUH @ER':F‘ID



FDA terminology

+ FDA classification: based on device/app safety risk, intended
use, and indication for use

% FDA device/app: class | (low risk), Il (moderate-higher risk),
Il (high risk)
<+ Premarket notification or 510(K) FDA clearance

* FDA determine if the product is equivalent to a predicate device/app
already placed in Class I,ll, lll type category

» Often required for Class | and Il device/app and doesn’t require
clinical trial

Schutte-Rodin J Clin Sleep Med 2021

45



FDA terminology

< Premarket approval (PMA)
* Class lll device/app, require for safe and effective

* Clinical trial supported with lab testing
<+ FDA approval
< FDA granted

* DeNovo pathway before marketed for Class |, Il device with low to
moderate safety risk when no similar predicate device

<+ General wellness
* Not require 510(K) clearance or PMA approval
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Reception hook up and calibration
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