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* Biomarkers

* Consumer Devices
— Assessing sleep
— Sleep disorders

* PSG intensity
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* disease specificity
* mandatory presence in all affected patients
— high sensitivity and specificity
* reversibility following proper treatment
* detectability before patients develop clinical manifestations

* reflect severity of the disease and provide indicative
information over the cumulative history of the disease,

* enable a cut-off value with minimal overlap between
normal and disease

*  Minimize the total cost and burden of diagnosing a patient
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— Inflammation
—
Biased Single gene or
approach multiple genes
—— Oxidative stress

Sharing
the same
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High-throughput approaches:
Unbiased - Transcriptome
approach - m~RNAs, miRNAs, SNPs
- Epigenetics

- Proteomic markers

Connecting a Global Community
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* 18 studies
e Studied in both adults and children

* Cytokine in macrophages and lymphocytes

* May be more associated with obesity as some studies that
showed higher levels were less positive or even not significant
after correction for BMI

* Levels do change with CPAP in some but not all studies

Pulmonary Medicine
Volume 2014, Article ID 930535, 15 pages
http://dx.doi.org/10.1155/2014/930535

Register now at congress.chestnet.org




Figure 5—IL-6, one group standardized mean difference, Z= CHEST | Thailand

OSA versus controls Congress | Bangkok | 10-12 April
2019
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S; Sajid H; Naseem J; Loomba R. Serum inflammatory markers Connecting a Global Community
in obstructive sleep apnea: a meta-analysis. J Clin Sleep Med
2013;9(10):1003-1012.
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* Pro-inflammatory cytokine released during acute inflammation
* Participates in cell signaling leading to necrosis or apoptosis

* Associated with excessive daytime sleepiness, nocturnal sleep
disturbance, hypoxia

* Higher levels noted in morning and after SDB events in OSA
patients

* Conflicting studies on whether it is reduced after CPAP
* |Interaction may also be related to degree of obesity

Pulmonary Medicine
Volume 2014, Article ID 930535, 15 pages
http://dx.doi.org/10.1155/2014/930535

Register now at congress.chestnet.org




Figure 3—TNF-a, one group standardized mean difference, Z= CHEST | Thailand

OSA versus controls Congress | Bangkok | 10-12 April
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* Inflammatory marker, active role in atherogenesis
* Studies in both adults and children

* Mainly produced in the liver

* Multiple studies with varied results

* As with others, relationship is altered by obesity

* High CRP may indicate risk for developing CV events in OSA patients —
further study needed

e Study in children suggested high levels of HS-CRP may ID children at
high risk for cognitive morbidity

Pulmonary Medicine
Volume 2014, Article ID 930535, 15 pages
http://dx.doi.org/10.1155/2014/930535

Register now at congress.chestnet.org




Figure 1—CRP, one group standardized mean difference,
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* 219 OSA vs 116 controls
— Adult non-smoking matched for BMI, age, gender

* 5 studies with low heterogeneity

Obstructive sleep apnea Control Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD  Total Mean SD Total Weight IV, Fixed, 95% Cl IV, Fixed, 35% Cl
Camenro et al 2009 083 0% 16 091 123 13 102%  -008[082,065 ——
Minoguehi et 2l 2006 (mid) 009 009 2 007 013 9 88% 0.18[-060, 098]
Cicoone et 21 2014 (mid) 0132 0048 2 0108 0053 20 157% 047[-0.12,1.08] T 5
Guven et al 2012 0403 0358 47 0241 0195 29 247% 0.52[0.05,099 e
Minoguchi et al 2005 (mid) 015 on 13 009 008 8 67% 058033, 148)

Minoguchi et 2l 2006 (moderate severe) 023 o2 2 007 013 9 8% 0.79[-0.03, 160]
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Heterogenedty: Ch = 10.46, of = 7 (P = 0.16); P = 33% '
Test for overall effect Z=5.11 (P < 0.00001)
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Register now at congress.chestnet.org https://doi.org/10.1080/1354750X.2019.1600025 Connecting a Global Community
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* Examine power spectral analysis by transforming
amplitude vs time to amplitude vs frequency;
essentially quantifies the amplitude and prevalence

of different frequency sine waves

— Slowing of the EEG associated with sleepiness and fatigue in wake
and changes in sleep EEG may be associated with learning and

memory

* 24 studies examined gEEG in OSA

Register now at congress.chestnet.org
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* Waking EEG and severity of OSA: heterogeneous results

* Waking EEG and daytime sleepiness: seems to correlate better
with subjective sleep measure than with objective sleep measures

* Waking EEG and performance tasks (PVT, driving simulator) show
some correlation but often need more sophisticated signal
processing technique

* Waking EEG after CPAP — reduction of theta power; variable
effects noted on delta power

Register now at congress.chestnet.org
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* Effect on sleep EEG:

— reduced slow wave activity with the exception of OHS who
may have higher SWA

— Reduced spindle activity
— Effect of CPAP may reverse SWA reduction

* Conclusion that more sophisticated and standardized analysis is
needed with better controls

Register now at congress.chestnet.org




REM Sleep Behavior Disorder: Z CHEST | Thailand

. . Congress Bangkok | 10-12 April
Potential biomarkers

* Might allow early prognostication

* DAT scan (radiotracer that measures presynaptic dopamine
transporter density)

« 18F-FDG Pet scan (metabolic increases in pons, thalamus,
medial frontal and sensorimotor areas, hippocampus, temporal
gyri, posterior cerebellum)

* Transcranial sonography (echogenicity of brain tissue) — see
striatal nigra hyperechogenecity

* None of these are quite ready for prime time
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Potential biomarkers 2019
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Consumer Devices for Sleep and Sleep Disorders
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How many times have you heard... 2019

*  “my Fitbit says | am having lots of disruptions in my
sleep”

* “my sleep tracker says | am not getting enough deep
sleep; or dream sleep...”

* “should | go buy a fitness device that monitors my
sleep? which one is best?”

Register now at congress.chestnet.org Connecting a Global Community
in Clinical Chest Medicine
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Consumer Devices 2019

* Search for sleep terms on smartphones, get about
2500 apps

* Modalities:
— Mobile device (smartphones and tablets)
— Wearable technology
— Unique physical devices embedded into sleep environment
— Online programs (desktop or website platforms)
— Accessory devices that may interact with mobile devices

Register now at congress.chestnet.org Connecting a Global Community
in Clinical Chest Medicine



Consumer Sleep Technologies: A Review of the Landscape Z CHEST | Thailand

Ping-Ru T. Ko, MD"; Julie A. Kientz, PhD?; Eun Kyoung Choe, PhD*; Matthew Kay, MS* Carol A. Landis, PhD, RN, FAAN®; CO n g ress Bangkok | 10-12 April
Nathaniel F. Walson, MD, MSc®

* Very nice review of available types and brands of
devices

* Note lack of validation for many
* Do raise consumer awareness of sleep
* Many pros and cons!

Register now at congress.chestnet.org J Clin Sleep Med 2015:11(12):1455-1461
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* 77% of adults own a smartphone!!
* Sleep tracking, alarms, sleep and dream logging

* May facilitate sleep with graphics, music or sounds, professional
hypnotists

e Often sit on mattress and may be affected by other body sleep
(bedpartner, animal) or type of mattress (waterbed, pillowtop)

*  “Smart alarm” —awaken you from light sleep; require you to do a
task so you can’t go back to sleep integrate with a lamp that slowly
illuminates

* Detect snoring, sleep talking
* Awaken when snoring (vibrates or makes a noise)

Register now at congress.chestnet.org

J Clin Sleep Med 201511(12): 14551461
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Evidence Within Sleep Applications for Mobile Devices Congress vaesl | fetle
Fela A Lee-Tobin, MProfPsych’ . Rowan P Ogell, PaD'". Michoe! Savic Pl Dan |, Lubmar, PhD), FRANZCF FACRAM Y
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*  Apps in Google Play store
* Primary sleep complaint addressed:
— OSA (n =23, 30.3%)
— insomnia (n=9, 11.8%)
— Sleep cycles or circadian rhythms (n =32, 42.1%)
— general sleep (n =8, 10.5%)
* Categorized as either “health & fitness” (n = 46, 60.5%) or “medical” (n
=20, 26.3%) apps
*  Most were free to download (n = 61, 80.3%); maximum cost of $6.82




EMERGING TECHNOLOGIES

= . §
Rate My Sleep: Examining the Information, Function, and Basis in Empirical = CH EST Th al Ia n d

Evidence Within Sleep Applications for Mobile Devices Congress

Feta A Lee-Tobin, MPvolPsyck', Fowan ® Ogeil, Pall'" Michoe! Savic P, Dan |, Lubmar, PhD, FRANZCE FACRAM

Bangkok | 10-12 April

EaFem Heain Qe 307000 LiDngsh ey, Bor -, Wenra AusTaed * Teming o, Eaemem Heain. Famy. Wiom. Ausresd

* 10 most downloaded sleep apps

— rating of 4 or more stars (representing high user
satisfaction)

— only one of these apps was identified as containing
evidence

* 10 |least downloaded apps

— 8 /10 were given ratings under 4 stars
— most of them focusing on OSA

Register now at congress.chestnet.org
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Review and Evaluation

Yong K. Choi, MPH': George Demiris, PhD Shih-Yin Lin, PhD, MPH, MM': Sarah J. Iribarren, PhD, RN': Carol A. Landis, PhD, RN': Congress | Bangkok | 10-12 Apri
Hilaire J. Thompson, PhD, RN, ARNP, CNRN, AGACNP-BC'; Susan M. McCurry, PhD'; Margaret M. Heitkemper, PhD, RN'; Teresa M. Ward, PhD, RN' 2 0 1 9

Table 1—MARS items and subscales criteria.

App Quality
Scoring Criteria | Subscales

1. Engagement 1.1 Entertainment
1.2 Interest

1.3 Customization
1.4 Interactivity
1.5 Target group

2. Functionality 2.1 Performance
2.2 Ease of use
2.3 Navigation

2.4 Gestural design

3. Aesthetics 3.1 Layout
3.2 Graphics
3.3 Visual appeal: how good does the app look?

4. Information 4.1 Accuracy of app description
4.2 Goals

4.3 Quality of information

4.4 Quantity of information

4.5 Visual information

4.6 Credibility

4.7 Evidence base

5. Subjective 5.1 Would you recommend this app?

quality 5.2 How many times do you think you would use
this app?

5.3 Would you pay for this app?

5.4 What is your overall star rating of the app?

Connecting a Global Community

Register now at congress.chestnet.org J Clin Sleep Med. 2018;14(10):1783-1790. o -
in Clinical Chest Medicine




Smartphone Applications to Support Sleep Self-Management: CHEST | Thailand
Review and Evaluation Congress | Bangkok | 10-12 April

Yong K. Choi, MPH'; George Demiris, PhDZ Shih-Yin Lin, PhD, MPH, MM'; Sarah J. Iribarren, PhD, RN"; Carol A. Landis, PhD, RN': 2019
Hilaire J. Thompson, PhD, RN, ARNP, CNRN, AGACNP-BC'; Susan M. McCurry, PhD'; Margaret M. Heitkemper, PhD, RN'; Teresa M. Ward, PhD, RN'

Table 4—Description of top 5 apps combining MARS and IMS functionality scores.

Name Platform Cost, US § # of Installs* Star Rating MARS Score IMS Score  Tracking Type
Sleep as Android Unlock ~ Google/Amazon 3.99 500,000-1,000,000 5 40 11 Both
Sleep Center Free Apple Free NR NA 40 10 Both
Good Morning Alarm Clock  Apple/Google Free 1,000,000-5,000,000 4 3.7 11 Automatic
Samsung Health Google Free  100,000,000-500,000,000 4 3.7 1 Manual
Snail Sleep Google/Amazon Free 100,000-500,000 4 35 10 Automatic

Register now at congress.chestnet.org J Clin Sleep Med. 2018;14(10):1783-1790. Connecting a Global Community

in Clinical Chest Medicine



Smartphone Applications to Support Sleep Self-Management: CHEST | Thailand

Review and Evaluation Congress Bangkok | 10-12 April

Yong K. Choi, MPH'; George Demiris, PhD?; Shih-Yin Lin, PhD, MPH, MM'; Sarah J. Iribarren, PhD, RN'; Carol A. Landis, PhD, RN';
Hilaire J. Thompson, PhD, RN, ARNP, CNRN, AGACNP-BC'; Susan M. McCurry, PhD'; Margaret M. Heitkemper, PhD, RN'; Teresa M. Ward, PhD, RN'

* “However, it is critically important to highlight that such sleep
parameters calculated by the custom algorithms of the sleep self-
management apps have yet to be successfully validated against results
obtained by polysomnography (PSG), the gold standard

* ...only three apps (Sleep Time,15 MotionX 24/7,16 Sleep Cycle17) have
been formally evaluated for clinical validity comparing the parameters
reported by the apps and those obtained by PSG.

* The validation studies have shown that the sleep parameters by the
apps poorly correlated with PSG and failed to accurately reflect the
sleep stages and thus deemed not useful as a clinical tool.”

Register now at congress.chestnet.org J Clin Sleep Med. 2018;14(10):1783-1790.
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Is There a Clinical Role For Smartphone Sleep Apps?
Comparison of Sleep Cycle Detection by a Smartphone
Application to Polysomnography

Sushanth Bhat, MD'; Ambra Ferraris, MD'; Divya Gupta, MD'; Mona Mozafarian, MD'; Vincent A. DeBari, PhD?;

Neola Gushway-Henry, MD'; Satish P. Gowda, MD'; Peter G. Polos, MD, PhD'; Mitchell Rubinstein, RPSGT'; Huzaifa Seidu, MD';

Sudhansu Chokroverty, MD'

e 20 subjects — no history of
sleep disorders

* Download app (Azumio) then
used at home for 5 nights (so
app can become acclimated)

* Underwent PSG study and
guestionnaire

Z CHEST | Thailand

Congress Bangkok | 10-12 April
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Is There a Clinical Role For Smartphone Sleep Apps? % CH EST
Comparison of Sleep Cycle Detection by a Smartphone Congress
Application to Polysomnography 2019

Sushanth Bhat, MD'; Ambra Ferraris, MD'; Divya Gupta, MD'; Mona Mozafarian, MD'; Vincent A. DeBari, PhD?;,
Neola Gushway-Henry, MD'; Satish P. Gowda, MD’; Peter G. Polos, MD, PhD'; Mitchell Rubinstein, RPSGT'; Huzaifa Seidu, MD';
Sudhansu Chokroverty, MD'

Table 3—Comparison of absolute parameters obtained by
polysomnography and provided by the app for subjects in

the study (n = 20).
PSG App
Sleep efficiency (%) 866+ 80 Be5+623
LLight sleep (%) 607 +12.4 328+137
| Deep sleep (%) 396+119 506+89" |
Traditional sleep latency (min) 116+ 145 J3x162"
Sustained sleep latency (min) 173+184 TI3x162°

Table 7—App performance in awakening patients out of
light sleep during the in-laboratory polysomnography.
Number of Subjects
Awake at the time of app alarm 3120 (15%)

Asleep and in light sleep at the time of app alarm  14/17 (82.4%)
Register now at congress.che:  Asleep and in deep sleep at the time of app alarm

Thailand

Bangkok | 10-12 April

317 (17 6%) bnnecting a Global Community
in Clinical Chest Medicine
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Is There a Clinical Role For Smartphone Sleep Apps? Z CHEST | Thailand

Comparison of Sleep Cycle Detection by a Smartphone
Application to Polysomnography

Sushanth Bhat, MD'; Ambra Ferraris, MD'; Divya Gupta, MD'; Mona Mozafarian, MD'; Vincent A. DeBari, PhD?;
Neola Gushway-Henry, MD'; Satish P. Gowda, MD'; Peter G. Polos, MD, PhD'; Mitchell Rubinstein, RPSGT"; Huzaifa Seidu, MD';
Sudhansu Chokroverty, MD'

Congress Bangkok | 10-12 April
2019

Table 4—Sleep-wake detection by the app based on epoch-by-epoch comparison.

Total number of  Total number of epochs correctly scored by
PSG sleep epochs the app as sleep (regardless of stage) Sensitivity Specificity PPV
473 495 89.9% 50.0% 94.0%
(Cl86.8-924)  (C136.1-63.9%)  (Cl91.4-96.0)

Cl, confidence interval; NPV, negative predicted value; PPV, positive predicted value; PSG, polysomnography.

NPV

36.0%
(C125.2-47.9)

Table 5—Statistical performance of intrasleep staging by the app based on epoch-by-epoch comparison.

Total number of Total number of epochs
Sleep stage PSG epochs correctly staged by the app Sensitivity Specificity PPV
: 33.9% 67.6% 54.9%
Light sleep 283 % (C1284-398)  (CI614-735) | (CI472-624)
62.6% 53.1% 43.0%
Deep sleep 190 L (C1553-695)  (Cl47.6-585) | (C137.1-49.0)

Cl, confidence interval; NPV, negative predicted value; PPV, positive predicted value; PSG, polysomnography.

NPV
469%
(Cl41.6-522)

716%
(C165.6-77.1)

Table 6—Stage-wise accuracy of app staging based on epoch-by-epoch comparison.

All epochs sleep-  All epochs

wake detectiononly  staging Wake N1 N2 N3
Number of epochs 527 527 54 1 2712 M
Accuracy 85.9% 45.9% 50.0% 54.5% 33.0% 71.2%

Register now at congr Ni, stage 1 sleep; N2, stage 2 sleep; N3, stage 3 sleep; REM, rapid eye movement sleep.

REM
79
50.6%
g a Global Community

linical Chest Medicine
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T-Mobile NL =  15:36 u... T-Mobile NL F

Back RESULTS

Export Options

Q@ New York
June 14 04:00

y Export the calendar dates to your phone's
@ e ta wake el calendar. The phone will alert you when

you have to take a certain action.

June 14 15:35
@ Have a great flight!

If you save this trip you will be able to
access it again from the home screen.

O_Lg ST You can save up to 10 trips on your
device.

June 14 17:35
|e==] Feeling tired after the

Register now at congress.chestnet.org
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* Usually on wrist but can be in clothing or a pendant

* Track body movements, biometric info

* Often report “light”, “deep”, “REM” sleep

* Most not well validated or validation data not readily available

Register now at congress.chestnet.org J Clin Sleep Med 2015;11(12):1455-1461. B

in Clinical Chest Medicine
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P

* Fitbit

* Jawbone

* Smartwatches

* Sleep Shepherd hat
* Sleeplmage

J Clin Sleep Med 2015,11(12):1455-1461

Register now at congress.chestnet.org
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* Physical devices embedded in sleep environment
* May use cameras, microphones

* Examples include:
— Sleep number bed (remotely raises when snoring)
— Tanita Sleep scan (Matt under mattress)

Thailand

Bangkok | 10-12 April

— Luna (mattress cover) — can monitor sleep stage, has a smart alarm, change

temperature

Register now at congress.chestnet.org J Clin Sleep Med 2015:11(12):1455-1461. Connecting a Global Community

in Clinical Chest Medicine



Introducing the Sleep Number 360™ smart bed. Z CHEST | Thailand
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The only bed that goes to work when you go to sleep.
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EMERGING TECHNOLOGIES

Z CHEST | Thailand

Validation of Contact-Free Sleep Monitoring Device with Comparison to Congress | Bangkok | 10-12 April

Polysomnography
Asher Tal, MD™ Zvika Shinar, PhD%; David Shaki, WD Shlormi Codish, WD® Aviv Goldbart, WD
"Soroka Wedical Cenfer, Faculy of Heafh Soences, Ben-Guman Universify of fhe Meg ey 2EarfpSense d | Ramaf Gan, farael; 10falif Heafh Serwces, Beer Sheva farael

* Tested this device during PSG
in sleep lab (43) and then at
home, one person in bed (7)
and two persons in bed (13)

* Device set to distinguish
”I . h ) I ( + ) Lh.fatlizgi sen?stnizeﬂeﬂ) E p[aced under the mattress under the estirmated

patient’s chest. The ES dewice is considered a

R E M’ Ig t S eep N 1 N 2 ’ nonsignificant risk device hecause the sensor is placed under the

d ee p S I ee p (SWS) Ejgfesghht}zascg?tnpﬁg;nceelin contact with the subject, and does not
* Detects RR, HR, movement

Register now at congress.chestnet.org O\ 01743 (2517522,




EMERGING TECHNOLOGIES

Validation of Contact-Free Sleep Monitoring Device with Comparison to

Polysomnography

Acher Tal, WMDY Zvika Shinar, PhD?; David Shaki, WD Shlori Codish, MD% Aviv Goldbart, WD
Soroka Medical Centfer, Facully of Health Sciences, Ben-Guron Universify of the Megew, Early Sense U, Ramat Gan, Jsrael; Wialit Health Serwices, Beer Sheva, fsraef

A Piezoelectric contact-free system
Awake
REM
LS
SIS

B Piezoelectric contactfree system
Yifake
Asleep

Register now at congress.chestnet.org

Reference Values {full PSG)

Zz CHEST

Congress

Thailand

Bangkok | 10-12 April

Awake REM LS
9,482 (50 .4%) 555 5 4%) 3,710 3 7%)

569 (4 5%) 5,544 53.7%) 4,224 (11.1%)
1,477 (12.5%) 4190 B8E% 24771 H4.9%)

265 2 .2%) 254 2 3% 5471 (14.3%)
PSGReference
Vifake Asleep

9,482 (50.4%)
2,311 (19.6%)

4,412 (7 5%)
54,760 (92 5%)

O\ 2017 13 (2517522,

SV/S
14 (1 1%)
308 (3 0%)

4,014 (9.7%)

5,684 56 2%)
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Validation of Contact-Free Sleep Monitoring Device with Comparison to C ,
ongress Bangkok | 10-12 April
Polysomnography

Acher Tal, WMDY Zvika Shinar, PhD?; David Shaki, WD Shlori Codish, MD% Aviv Goldbart, WD 2 0 1 9
Soroka Medical Centfer, Facully of Health Sciences, Ben-Guron Universify of the Megew, Early Sense U, Ramat Gan, Jsrael; Wialit Health Serwices, Beer Sheva, fsraef
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Validation of Contact-Free Sleep Monitoring Device with Comparison to Congress Bangkok | 10-12 April
Polysomnography 2019

Acher Tal, WMDY Zwika Shinar, PhD?; David Shaki, WD Shlori Codish, MD% Aviv Galdbart, WD
Soraka Medical Certer, Facufly of Heatth Sciences, Ben-Gunon Universily of the Megew, JEaripSense Id, Ramat Gan, lsrael; 100alf Health Serwces, Beer Sheva, Israel

1150
St vy =0.98x b
R= 0.87 .
L]
o a3 ¥l Fiqure 5—Com parizon between data assessed by the EarlySense (ES) sensor (Hue bars)and tha derived from
_E as0 * f;';' polysomnograpty (PSG) data @ray bars) for all nights {1 = $£), including in the sleep laboratory and & home.
#
i 750 AP 1}: o] 2
a LI - % 4 8000 1 %WD ] 1
i
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Digital Health and Sleep-Disordered Breathing: A Systematic Review Z CHEST | Thailand

and Meta-Analysis Congress Bangkok | 10-12 April
Talita Rosa, MD, MS'; Kersti Bellardi, MS%; Alongo Viana Jr, MD, MS?; Yifei Ma, MS*; Robson Capasso, MD? 2 0 1 9
Bed/Mattress-Based Sensors
Studies: Cross-sectional studies with one-gate design (Agatsuma et al. 2009, Beattie et al. 2013, Takasaki et al. 2008, Tsukahara et al. 2014)
and diagnostic case-control (Norman et al. 2014)
Summary Accuracy (95% CI i ,
gﬂl':;:]or::hmd Sensitivity = i ialse P::silive Rate ?Sotﬁzgiamglﬁgdt? S ot e
Overall 0.921 (0.870, 0.953) 0.203(0.124, 0.314) 515(5) -
Cutoff 5 events/h 0.951 (0.789, 0.990) 0.395 (0.189, 0.647) 515 (5) -
Cutoff 15 eventsth 0.944 (0.888, 0.973) 0.155 (0.055, 0.366) 515 (5) -
Cutoff 30 events’h 0.917 (0.833, 0.961) 0.113(0.065, 0.191) 515(5) -

Register now at congress.chestnet.org Connestlnglia.GI?tc):ahl C:r;":;jm_'ty
in Clinica est Medicine



Digital Health and Sleep-Disordered Breathing: A Systematic Review Z CHEST | Thailand

Talita Rosa, MD, MS'; Kersti Bellardi, MS%; Alongo Viana Jr, MD, MS?; Yifei Ma, MS*; Robson Capasso, MD? 2 0 1 9

Contactless Devices (Other Than Bed/Mattress-Based Sensors)

Studies: Cross-sectional studies with one-gate design (Abad et al. 2016, Davidovich et al. 2016, Espinoza-Cuadros et al. 2015, Nandakumar et al. 2015,
Zaffaroni et al. 2013, Weinreich et al. 2014)

AHI Threshold Summary Accuracy (35% CI) No. of Participants '

Subgroup Sensitivity False Positive Rate (Studies Included) e
Overal 0.905 (0.839, 0.946) 0217 (0.110, 0.383) 594 (6) .

Cutoff 5 eventsh 0.976 (0.899, 0.965) 0.487 (0.137, 0.851) 498 (5) Davidovich et al. 2016
Cutoff 15eventsh | 0876 (0.760, 0.941) 0.136 (0.075, 0.235) 594 (6) -

Cutoff 30 eventsh | 0.806 (0.695, 0.883) 0.066 (0.043, 0.101) 456 (4) ?;:'lf“r’::i s gg}f

Register now at congress.chestnet.org Connestlnglia.GI??:ahl C:r;n:;jm_'ty
in Clinica est Medicine
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Digital Health and Sleep-Disordered Breathing: A Systematic Review = CHEST

and Meta-Analysis Con%r(;elss
Talita Rosa, MD, MS'; Kersti Bellardi, MS%; Alongo Viana Jr, MD, MS?; Yifei Ma, MS*; Robson Capasso, MD?

Contact Devices With Three or More Sensors
Studies: Cross-sectional studies with one-gate design (Benistant 2016), and diagnostic case-control with two-gate design (Al-Mardini et al. 2014)

AHI Threshold Summary Accuracy (95% Cl) No. of Participants

Subgroup Sensitivity False Positive Rate (Studies Included) Studies Not included
Overal 0.771 (0.466, 0.929) 0.094 (0.029, 0.269) 24(2) =

Cutoff 5 events/h 0.770 (0.171, 0.982) 0.134 (0.028, 0.459) 24(2) =

Contact Devices With Fewer Than Three Sensors

Studies: Cross-sectional studies with one-gate design (Ding et al. 2014, Ozmen et al. 2011, Levendowski et al. 2015), and diagnostic case-control with
two-gate design (Selvaraj et al. 2014)

AHI Threshold Summary Accuracy (95% Cl) No. of Participants
Subgroup Sensitivity False Positive Rate (Studies Included) Mook Ichiced
Overall 0.713(0.594, 0.808) 0.099 (0.058, 0.166) 169 (4) -

Ozmen et al. 2011,
Cutoff 5 events/h 0.637 (0.392, 0.827) 0.077 (0.011, 0.392) 51(2) Selvaraj et al. 2014
Cutoff 15 events/h 0.716 (0.500, 0.865) 0.122 (0.049, 0.273) 169 (4) -

Ozmen et al. 2011,
Cutoff 30 events/h 0.450 (0.191, 0.740) 0.022 (0.001, 0.268) 31(1) Selvaraj et al. 2014,

Levendowski et al. 2015

Register now at congress.chestnet.org

Connecting a Global Community
in Clinical Chest Medicine




Digital Health and Sleep-Disordered Breathing: A Systematic Review Z CHEST | Thailand

Talita Rosa, MD, MS'; Kersti Bellardi, MS?; Alongo Viana Jr, MD, MS?; Yifei Ma, MS*; Robson Capasso, MD®

* Devices that were bed/mattress-based were found to have the
best sensitivity overall (0.921, 95% confidence interval [Cl]

0.870, 0.953)

* The sensitivity of contactless devices to detect mild OSA cases
was the highest of all groups (0.976, 95% CI 0.899, 0.995), but
provided a high false positive rate (0.487, 95% Cl1 0.137, 0.851).

* The remaining groups of devices showed low sensitivity and
heterogeneous results



: Z CHEST | Thailand
Accessory Appliance Platforms Congress | sengk | 1012 i

* Separate device that may or may not interact with mobile
devices or internet
* Examples:
— Specialized alarm clocks
— Wakeup lights
— EmWave — biofeedback device

— Sense with Sleep pill — senses noise, light, temp, humidity, allergens
then adjusts sound and light

— Withings Aura — similar but adjust light spectrum

Register now at congress.chestnet.org J Clin Sleep Med 2015:11(12):1455-1461
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What should you do when a = CHEST | Thailand
Congress Bangkok | 10-12 April

patient wants to show you their 2019
phone app sleep data?

A. Tell them you don’t believe the data so don’t
bother

B. Review the data and use it to guide your therapy
decisions

C. Assess their dependence on the data and suggest
discontinuation if it is causing anxiety

Register now at congress.chestnet.org Connegtlngl.a.Glfl::ahl C:np;:n:;fn.'ty
in Clinica est Medicine



What should you do when a = CHEST | Thailand
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patient wants to show you their 2019
phone app sleep data?

A. Tell them you don’t believe the data so don’t
bother

B. Review the data and use it to guide your therapy
decisions

C. Assess their dependence on the data and suggest
discontinuation if it is causing anxiety

Register now at congress.chestnet.org Connegtlngl.a.Glfl::ahl C:np;:n:;fn.'ty
in Clinica est Medicine




SPECIAL ARTICLES

Consumer Sleep Technology: An American Academy of Sleep Medicine

Position Statement

P

Table 2—General principles of CST engagement.

Register now at congress.chestnet.org

Clinicians should have a general awareness of C3T and a readiness
to discuss CST with patients.

Clinicians should understand the general framework of devices and

apps avallable and have a basic knowledge of available evidence or
lack thereof

Wost C5Ts are not FDA cleared orvalidated clinical devicess

applications, but widespread accessibility and use by patients (and
potential patients) may augment patient engage ment.

Diata can be tilized a3 a tool for opening discussions with patients.,

Clinicians should recognize the patient's use of C5T a3 &
commitment to focus on sleepwellness.

S Clin&eep Med 2018,14(5):87 7-880.

CHEST

Congress

Thailand

Bangkok | 10-12 April



Table 4—Guidance for clinicians encountering data in a é CH EST Th d | |a N d

clinical setting Congress Bangkok | 10-12 April

+ Ithwhen data are presented by patients, it should he considered in
the context of a comprehensive sleep evaluation and should not
replace validated diagnostic instruments or treatments that have
undergone rigaraus s cientific inv estigation.

+ Discuss with the patient which biometric the C5T 5 measuring (if
known) and how this differs from gold-standard sleep measurement.

+ Encourage the patient to evaluate theirsleep hased on subjective
symptorns, clinical context, and validated diagnostic testing rather
than C3T data of unclear signficance.

+ Reconcile the patient's symptoms with the data presented by the
C5T, emphasizing that C3T-derved infarmation must be interpreted
carefulty in the context of clinical signs and symptoms.

+ Present options for angoing use of the C5T (eq, toset personal
goals, assess change over time).

+« Patients utilizing C5 T may favor engaging with validated online
therapies such as CET-|

+ If the patient has developed anxiety, unreasonable expectations, or
inadequate sleep hygiene related to the use of the CST, consider
encouraging the patient to discontinue use of the device either
ternpoararily or permanently,

Register now at congress.chestnet.org

S Clin&eep Med 2018,14(5):87 7-880.
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Conclusion — Sleep Tracking Devices

Consumer sleep tracking devices significantly over estimate
total sleep time when compared to PSG (like actigraphy)

In addition, data for specific parameters such as sleep onset
latency, sleep efficiency, and sleep stage analysis are unreliable

The basis for the sleep score/quality seems to be unclear

How are they affected by bedpartners, pets, mattress, sleep
disorders

For the consumer —is “light sleep” good or bad? How much
“deep sleep” is needed? Is REM sleep “light” or “deep”?
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Zz CHEST

Congress
2019

Co — morbidity in patients
undergoing PSG over time

Connecting a Global Community
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Analysis of the Complexity of Patient Undergoing Z CHEST | Thailand
Attended PSG in the Era of HSAT Congroef; BRgiok | 1032 Aec
Colaco B, et al. JCSM 2018; 14 (4): 631-640

« Mayo Clinic chart review

« Development of Polysomnogram Clinical Index
(PSGCI)

« Premise: the complexity of patients undergoing PSG
has increased since HSAT has become more popular

« This may have effects on staffing ratios, staff expertise,
facility design and monitoring capabilities

Register now at congress.chestnet.org Connec.tln(g:;ra.leatc):ahl C:r;n:;wty
in Clinica est Medicine



Analysis of the Complexity of Patient Undergoing Z CHEST | Thailand
Attended PSG in the Era of HSAT FADgRS | s Lk
Colaco B, et al. JCSM 2018; 14 (4): 631-640

« 43,780 pts studied from 2005 - 2015

« Examined comorbidity indices (Charlson, Elixhauser)

— Comorbidity = total burden of iliness unrelated to the
principal diagnosis

— Both indices use ICD-9 or ICD-10 diagnosis codes
« Developed a pretest score that could be used to
predict fall risk, staff ratio, etc

— Included pt comorbid conditions + complexity of study
being done

Register now at congress.chestnet.org Connec.tln(g:;ra.le)tc):ahl C:En:;n_'ty
in Clinica est Medicine
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P

Likert Scale Type of study/PAP
Value

1 Diagnostic Polysomnogram {PSG)

2 Polysomnogram with parasomnia protocol {requiring special precautions
and monitoring)

3 PSG with oxygen therapy titration

4 PSG with CPAP and or BiPAP-S titration

5 PSG with CPAP and or BiPAP- S with oxygen therapy titration

6 PSG with advanced PAP therapy { ASV, Auto SV, BiPAP ST, IVAPS, AVAPS)
titration

7 PSG with advanced PAP { otherthan CPAP or BiPAP-S) and oxygen therapy
titration, Study with parasomnia protocol with PAP therapy with or without
oxygen therapy titration

8 Portable PSG (hospital study)




Analysis of the Complexity of Patient Undergoing Z CHEST | Thailand
Attended PSG in the Era of HSAT Congroef; Bt | IR
Colaco B, et al. JCSM 2018; 14 (4): 631-640

« Mayo Clinic providers “rate” the patients from 0-3
O = routine patient, no addifional requirements

1 = fall precautions

2 = fall precautions + additional assistance
(ambulation, re-orientation, nebulizer or medications)

3= requires in - hospital study

Register now at congress.chestnet.org Connec.tin(g:;ra.leatc):ahl C:r;n:;:m_ity
in Clinica est Medicine
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Figure 2: Slope of the Charlson Comorbidity and Elixhauser Index over a 10-year period
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Analysis of the Complexity of Patient Undergoing Z CHEST | Thailand
Aftended PSG in the Era of HSAT Congress | Bangkok | 10-12 April

Colaco B, et al. JCSM 2018; 14 (4): 631-640 ahse

« Overall volumes steady

« 30% increase in comorbidities
— Differences persisted after adjustment for age, sex, BMI and race

« Pts were older, more female, lower BMI's

« Patients had more peripheral vascular disease, renal

disease, liver disease, dementia, Ml and hemiplegia
(stroke)

« Sleep study complexity also increased

Register now at congress.chestnet.org Connec.tln(g:;ra.leatc):ahl C:r;n:;wty
in Clinica est Medicine
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Implications for the future 2019

« Patients in sleep labs are sicker, less mobile and require more complex
titrations

+ Labs need to “gear up” for these types of patients — fall precautions,
more sophisticated monitoring (CO2)

» Technologists need to become more knowledgeable about
comorbid diseases

— Peritoneal dialysis

— LVAD’s (left ventricular assist devices)
— Confinuous infusions

— HGNS (hypoglossal nerve stimulators)
— VNS (vagal nerve stimulators)

Register now at congress.chestnet.org Connec.tln(g:;ra.GIT)tc):ahl C:r;n:;mty
in Clinica est Medicine
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 The search for biomarkers continues and has great

promise to assist with better phenotyping of our patients
with sleep disorders

 Consumer sleep technologies are the future, better
validation needed

e Beware the MSLT !!

* PSG patients are sicker and require higher intensity
management

Register now at congress.chestnet.org Connec‘tlncgl‘a.GI:)lca:ahl C:np:n:;r?lty
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