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Overview

& Sleep monitoring: the “Gold Standard”

& “Real World” options
& Actigraphy
& Fitness Trackers
& Apps
& Passive Sensing

& Deeper dive: Sleep Diaries



The Gold Standard: Polysomnography

Polysomnographic recording
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dvantages?
Disadvantages?

G Clarke et al, SleepWell Workbook



Options that (may) Work Better in the “Real World”

& Actigraphy

& Fitness Trackers, Wearables, Nearables
& Sleep Diary

& Apps

& Passive Sensing...



Actigraphy

Advantages?
Disadvantages?

¢ Review and meta-analysis of 96 studies,
n=4134 participants

Compared to PSG:

¢ Among healthy adults, trend for ACT
to overestimate TST and SE;
underestimate WASO,; significantly
underestimated SOL

¢ Among adults with chronic conditions
ACT overestimated TST and SE,
underestimated ACT; trend to
underestimate WASO

http://www.healthcare.philips.com/main/homehealth/sleep/actiwatch/default.wpd
Conley, Knies, Batten et al 2019 Sleep Medicine Reviews
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Presentation Notes
ACT consistently over-estimates sleep (TST and SE), under-estimates wake (SOL and WASO) among healthy adults; differences were larger and more significant in people with chronic conditions.

Heavily dependent on specialized expertise for scoring and interpretation; devices are expensive

Differences identified were within the specified ‘clinically’ acceptable range for adult sleep disorders according to AASM review


Fitness Trackers

¢ Limited validity studies!

¢ Fitbit and Jawbone UP overestimated
TST, SE, and SOL, underestimated

WASO compared to PSG and/or
actigraphy

& Fair to good at detecting sleep but poor at
determining wakefulness

Advantages?
Disadvantages?

https://article.images.consumerreports.org/prod/content/dam/cro/news_articles/health/CR-
BG-Fitness-Tracker-Hero-08-16

Mansukhani & Kolla, 2017, Cleveland Clinic Journal of Medicine
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Presentation Notes
Close to 1 in 10 owns an activity tracker; they are easily available for purchase, fairly inexpensive
How does it work? Measure movement, activity, GSR, skin temp, 

Don’t disclose mechanisms


Apps

© sleep Cycle  rewsescysewos ¢ [ imited evaluation and validity studies
& Among healthy, apps meet or exceed

Wake up easy accuracy of actigraphy in sleep-wake

with Sleep Cycle discrimination, most overestimate sleep

Sleep Cycle analyzes your sleep and wakes you up

at the most perfect time, feeling rested. Th UrSday e Ey & Accuracy drOpS as SE drOpS

® Most apps show poor correlation with
PSG substages

Advantages? & Fair to good at detecting sleep, but poor at

Disadvantages? i /M determining wakefulness

Time 25 oo n az [1}] e 05 =]

Fino & Mazzetti 2019, Sleep Breathing Physiology and Disorders
Mansukhani & Kolla, 2017, Cleveland Clinic Journal of Medicine

Enore + 1 -
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More than 500 sleep-related apps available for download in iTunes apps store

https://www.sleepcycle.com/how-sleep-cycle-works/ Sleep Cycle alarm clock app among top 5 downloaded in 2014; some relies on smartphone being place on user’s mattress, which can be confounded with pets, significant other, etc

Others use sound and noise to estimate parameters (esp snoring)

Smartphones are ubiquitous, availability of them increases self-monitoring and adherence

Most don’t share algorithm; what is given is hard to translate to standard sleep parameters


Passive Sensing

& The capture of data about a person without extra effort on their part (using wearable,

portable, or mobile computing)
Passive sensing on smartphones
& Also called ‘context-aware computing’ for health and wellbeing

Passive sensing malure
encugh for heslth research-

35 papers included.

& Systematic review of smartphone-based PS
Comaing represented Privacy, technical. and
mental health, sleep, stress nethodological challenges

& N:35 StU,dieS, n:6 on Sleep addiction, gerialrics - nsufl .-|:=r-'-t'_-.- discussed.

& Only n=2 on Apple 1OS (Why77) . : s “ i .1..-:L|_iI'II|II:.' idations and

of the iuture of
3ensing research

Cornet & Holden 2018, J Biomed Inform
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Less intrusive, enables just-in-time adaptive interventions based on data captured and processed in situ
Gather data anytime, longitudinally, with little stigma or additional burden
Combine multiple sensors, capture behavioral data (call, texting, social media), have advanced Internet, storage, and processing capabilities; and permit the creation of personal profiles and personalized, just-in-time visualizations and alerts to users and their support network [24]. Smartphones can be used to passively capture data such as speech characteristics, location, and activity, which can be interpreted to assess depression, sleep, or loneliness. 

*There is non-smartphone passive sensing, just not covered here


Passive Sensing

Anthor (Year) Location

Study Purpose

Principal Finding:

Senzors Used

Sample Size & Type

Study Lenzth (Thays)

Bai et al. (2012} [33] Chinz

Predict sleep quality from
smariphone data collected

during the dav

Predichon of sleep quality wath T8% acouracy, using a
factor graph model

» Accelarometer
» (3l logs

» GPS

* Light sensor

* Mhcrophone

» 5MS patterns

15
Mot specified

30

Matale et al (2012) [51] Italy

Compare commmercial slesp
monifornng devica data wath
three sooortphone sccelearometer
algonthwe: for assessing sleep

¢ Mo statistical difference for total slesp time betwesn
the best performang algoorthm and the comvmereal
monitormg device.

+ Asveement mate on sleep-wake disermunation of 90
batwean the best perfomung algonthm and the
commerclal montonng device.

v Arcelerometer

Chen et al. (2013) [40] USA

Compare an application
detectng sleep from smariphone
data wiath three other slesp
detechon methods

+ Better user expenence and lower percerved
Intmsrveness for the passree sensing appheation than
for the other sleep detecton methods

+ Crreatest emror 1n the eshmation of sleep duwaton (+
—43 mun) compared to the other sleep detechon
methods.

» Accelarometer
* Denace actvaty
* Light sensor
* Microphone

Abdullah et al. (2014) [30] USA

Predict sleep fime, dwation, and
deprmvation from smartphone
data

Social jetlap, sleep imerha and sleep delt can be
estimated from sencor data,

» Application usage
* Browrser istory

» (3l logs

* Denace actvaty

» 5MS patterns

Min et al (2014) [50] USA

Detect sleep and sleep quality in
natural setfings

¢ Detection of sleep with 94% acocwacy using a
Bayesian network wath feahure selechion model for the
mdrindual modal.

¢ Detection of sleep quality wath B4% acouracy uzing a
Bayesian network feature selechon mdnndual modal
and £1% acowacy using a Bavesian network feature
selecton global modsl.

» Accelarometer

» Application usage
* Denace actvaty

* Light sensor

» Macrophone

* Procommity senisor

Bhat et al. (2015) [37] USA

Compare a conmmercizl phone
sleep monitonng application for
1Phone with mn-laboratory

poly=crmosraphy

Dietection of sleep by the apphication wath 905
sensitivity and 30% specificity.

s Accelerometer




Passive Sensing

& The capture of data about a person without extra effort on their part (using wearable,

portable, or mobile computing)
Passive sensing on smartphones

& Also called ‘context-aware computing’ for heatth and wallbeing

Passive sensing malure

35 papers included.
! encugh for heslth research-

& Systematic review of smartphone-based PS

Comaing represented Privacy, t2chnical. and

mental health, sleep. stress, E methodological challenges
addiction, gerialrics insufficiently discussed,

& N=35 studies, n=6 on sleep

art of the iuture of
PR |:'.'":."i"'|g prianoamena . g =',!|::|"|:,':il'|'3 resegroh

> Only n=2 on Apple iOS (why?) B [ oot | S

& Challenges: battery drainage, lack of sensor precision, difficulty accessing data, privacy
1ssues

Advantages?
D ]_S a dvan tage S? Cornet & Holden 2018, J Biomed Inform
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Presentation Notes
Less intrusive, enables just-in-time adaptive interventions based on data captured and processed in situ
Gather data anytime, longitudinally, with little stigma or additional burden
Combine multiple sensors, capture behavioral data (call, texting, social media), have advanced Internet, storage, and processing capabilities; and permit the creation of personal profiles and personalized, just-in-time visualizations and alerts to users and their support network [24]. Smartphones can be used to passively capture data such as speech characteristics, location, and activity, which can be interpreted to assess depression, sleep, or loneliness. 

*There is non-smartphone passive sensing, just not covered here


Sleep Diaries

¢ Gold standard for subjective sleep assessment (at least as of 2012)
& Subjective reporting can be important

& Recently standardized

Advantages?
Disadvantages?




The Consensus Sleep Diary

Consensus Sleep Diary (Please Complete Upon Awakening) ID/NAME:
Sample
Today's Date 4/5/08

1. What time did you get
into bed?
2. What time did you fry

10:15 pom,

11330 pam.

3. How long did it take

_you to fall asleep?

4. How many times did
yoL wake up, not 6 ti
T imes .
IJUUTIF;:: 3’”.“ final Consensus Sleep Diary (Please Complete Before Bed) ID/INAME:
awarKening _ i

5. In total, how long did 2 hours ) -
these awakenings last? 5 min. i o | i | | |

Ga. Whattime was your o o I
final awakening? O3 am, 11a. How many |

8b, After your final F ] times did you nap or

awakening, how long did 45 min, | | doze?
you spenc in bed trying | |
ta sleep? | | I 11b. In total, how
“6¢. Did you wake up long did you nap or
earlier than you B Yes o No o'Yes oNo n¥es o o Yes oNo n'¥es o |« oYes o doze?

planned? | | | . | 12a. How many
Gd. If yas, how much | | drinks containing
earlier? 1 | ) alcohol did you

7. What time did you get | | | have?

out of bed for the day?
8. In total, how long did
you sleep? 1
9. How would you rate 0 Very poor o Very poor o Very poor o Very poor | oVery poor a Very poor | o 'Very poor o Very poor
the guality of your sleep? | g1 Poor o Poor o Poor o Poor o Poor o Poor | o Poor 1 Poor

o Fair | o Fair 1 Fair 1 Fair 1 Fair o Fair o Fair o Fair

o Good Good Good o Good o Good o Good o Good o Good

o Very good | @ _'E‘Tt_ﬁl'}." good oVerygood | o Very good o Very good o Very good o Very good o Very good ; R
10. How rested or 0 Not at all o Not at all o Not at al | Not at all © Not at all o Not at all o Not at all o Not at all you have?

. A . 13h. What time was
refreshed did you fesl rested rested rested rested rested restad rested vour last drink?
when youwoke-up for @ Slightly o Slightly o Slightly o Slightly o Slightly a Slightly o Slightly 1 Slightly your |"_“" drink? —n t - _— . | 1 1 1
the day? rested rested rested rested ste rested rested rested 14. Did you take any | B Yes oNo | oYes ©No oYes oMo oYes oMo oYes oMo oYes oMo |oYes oNo oYes oNo
o Somewhat o Somewhat o Somewhat a Somewhat o Somewhat o Somewhat o Somewhat o Somewhat | aver-the-counter or - o o o ) |
rested restad restad rested restad rested rested rested prescripion Medication{s): Medication(s): Medication(s): Medication(s). Medication({s): | Medication{s): | Medication(s) Medication(s):
o Well-rested o Well-rested | o Waell-rested 1 Well-rested o Waell-restad o Well-rested o Well-rested o Well-rested medicabon{s) to help
o Very well- o Very well- o Very well- 1 Very well- o Very well- o Very well- | o Very well- o Wery well- you sleep? Relaxo-Herb
regted rested rested resled | rested resled | rested resled Dose: Dose: Dose: Dose: Dose: Dose; Dose; Dose:
If 50, list
medication{s), dose, o ng ) . )
and time taken Time(s) taken: | Time(s) taken: | Time(s) taken: | Time(s) taken: | Time(s) taken: | Time(s) taken: | Time(s) taken: | Time(s) taken:

55 min.

7:20 a.m.

4 hours | 12b. What time was

your last drink?

13a. How many

caffeinaled drinks

(coffee, tea, soda, i o drinks
enargy drinks) did

[ 00 pam.

11 pm

16. Corrments
(if applicable)

Carney, Buysse, Ancoli-Israel, Edinger, Krystal, et al. (2012) The consensus sleep Ehaveacold
diary: standardizing prospective sleep self-monitoring. SLEEP; 35(2): 287-302
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Presentation Notes
Low-cost, non-invasive, a bit more time investment



Visual Sleep Diary

Daytime rest NURNE ;=cammcss
i"‘”‘d LA L T R

ﬁé"' s

_____ l-_#-—g'_ﬁ_ Irregular wake times

-l i'lll=..._ !

Advantages?
Disadvantages?

Irregular bedtlmes



SLEEP DIARY
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Smartphone-based
Morning and evening
Times set individually

Automatically delivered

Reminders if not completed

Branching capabilities

Mobile Sleep Diary

il ATET LTE 10:34 AM

<

+1(412) 354-0534
Uidi y. FiEdsts LUITIIETS Uins
diary within the next 60
minutes.

Hi, just a reminder to complete
your nightly sleep diary.

Hi, just a reminder to complete
your morning sleep diary.

Questions

ull = ==

Hi there, we're going to ask you some
questions. There will be up to 10 questions
to answer this morning.

1. Which activities you did in the HOUR before
falling asleep last night? Please select ALL
that apply.

(] a.Social Media (Instagram, Snapchat, Multi-

Player Gaming, etc.)

| b, Non-Social Media Internet Use
[ c.Single-Player Video Games/Mobile Games
(Xbox, Solitaire, etc)

() d.Watching TV (or Netflix, Hulu, etc)

(e Talking on the Phone

| f, Homework

() g. Extracurricular Activities (Theater, Sports,
etc)

() h. Reading for Fun
- Something else (Fill in blank)

[ j. Prefer not to answer

Other



Presenter
Presentation Notes
WIFI issues
Phone accessibility issues
Time availability
AM/PM


2. Did you TRY to fall asleep last night, or did
you fall asleep while doing something else
such as, while reading)?

© a.ltried to fall asleep

b. I fell asleep while doing something else

C. | prefer not to answer

Mobile Sleep Diary

Last night, | actually tried to go to sleep at: 3. What TIME did you try to fall asleep last
night (sometimes called “lights out")?
Morning (4 AM to 11:59AM)
Afternoon (12 PM Noon to 4:59 PM) EROUES
) Evening (5 PM to 8:59 PM)

Nighttime (9:00 PM to 3:59 AM) Minute:

4. How many MINUTES did it take you to fall
asleep in bed last night?



2. Did you TRY to fall asleep last night, or did
you fall asleep while doing something else
(such as, while reading)?

© a.ltried to fall asleep

b. I fell asleep while doing something else

C. | prefer not to answer

Mobile Sleep Diary

Need Help? Click Here

Last night, | actually fell asleep at:

Morning (4 AM to 11:58AM)
(O Afternoon (12 PM Noon to 4:59 PM)
(O Evening (5 PM to 8:59 PM)

(O Nighttime (9:00 PM to 3:59 AM)

Need Help? Click Here

3. What TIME did you fall asleep last night?

Hour:

Minute:




Mobile Sleep Diary

6. How many times did you wake up during 7. About how many MINUTES were you awake
the night, after you fell asleep? during the night, after you fell asleep?




Today | woke at:
I Morning (4 AM to 11:59AM)
| Aftermoon (12 PM Noon to
| Evening (5 PM to 8:59 PM)

MNighttime (9:00 PM to 3:59

Mobile Sleep Diary

Need Help? Click Here

9. Today, | finally got out of bed at:
8. What TIME did you wake up this morning?

(If you snoozed this morning, please report () Morning (4 AM to 11:59AM)

the last time you woke up, after snoozing)
) (_) Afternoon (12 PM Noon to 4:59 PM)

Hour: (O Evening (5 PM to 8:59 PM)

Need Help? Click Here
(O Nighttime (9:00 PM to 3:59 A

9. What TIME did you finally get out of bed? (If
you need to change the range of available
Minute: time, click PREVIOUS)

Hour:



Mobile Sleep Diary

Need Help? Click Here

10. On a scale of 1 (Very Poorly) to 100 (Very
Well), how well did you sleep last night?

U

Very Poorly Very Well

Thank you. All your WDX assessments hve
been completed

Do you need to talk to someone? Please text HOME to
11. On a scale of 1 (Very Sleepy) to 100 (Very
Alert), how did you feel when you started

your day today?

741741 to text with a counselor. You can also call 911, or
the Re:Solve Crisis Network at 1-888-796-8226.

If you would like to receive additional resources or for a

treatment referral, please email tapas@upmc.edu or call

(412) 246-5963.

Very Sleepy Very Alert

Advantages?
Disadvantages?



Presenter
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WIFI issues
Phone accessibility issues
Time availability
AM/PM



Questions to Ask Yourself

¢ What do you want to use sleep monitoring for?
& What parameters do you care about?
¢ Which factors are most important?

® Need more studies!



Mobile Sleep Diary

Need Help? Click Here

3. What time did you start school or your main
activity of the day?

Need Help? Click Here

4, How many caffeinated drinks did you have

2. What time did you have your first contact today? (coffee, tea, soda, pop, energy drink)

with another person (in person or by phone)?

AM () PM

() 1 did not start any activities today




Mobile Sleep Diary

Need Help? Click Here Need Help? Click Here Need Help? Click Here

6. Did you take any naps today ON PURPOSE?

8. Today, how many times did you doze off
: ACCIDENTALLY during regular daytime
) Yes activities?

7. For how many MINUTES did you nap?

O No

) Prefer not to answer




Need Help? Click Here

9. What time did you have dinner today?

O AM O PM

() 1 did not have dinner today

Mobile Sleep Diary

Need Help? Click Here

10. On a scale of 1 (Very sleepy) to 100 (Very

awake), ON AVERAGE how did you feel today?

U

1 100
Very Sleepy Very Awake

11. On a scale of 1 (Very poor) to 100 (Very
best), ON AVERAGE how was your mood

today?

1 100
Very Poor Very Best

Need Help? Click Here

12. Do you think your sleep LAST NIGHT
impacted how you felt or behaved today?
(mood, sleepiness, performance at school,
sports, extracurriculars, etc)

(O Prefer not to answer

Need Help? Click Here

13. Which areas do you think last night's sleep
affected? Please select ALL that apply.

() a. Mood

() b. Sleepiness

() c. School work

() d. Sports or other extracurricular activities
(J e. Friendships

() f. Alertness

() g. Physical health

() h. Other (Fill in blank)

‘._:_.‘ i. Prefer not to answer

Other
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