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Why do we need sleep?
How much sleep do we need?
How do we measure sleep?
What happens when we sleep?
What makes us sleep?

e Homeostatic sleep pressure

. e Circadian rhythms
Understanding how sleep

works will help you
improve your sleep

What happens when we don’t sleep enoug
or sleep at the wrong time?

e Short term consequences

e Long term consequences

How can you improve your sleep?




What do we do in the Fatigue
Countermeasures Laboratory?

SPACEFLIGHT AERONAUTICS MISSION
RESEARCH OPERATIONS
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Why do we sleep?




adapted from National Sleep Foundation
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How much sleep do we need?




Falling asleep in less than 5 minutes is a sigh of insufficient
sleep

Brief waking is normal
Waking to use the bathroom is normal for older adults

It's normal to have modest sleepiness after lunchtime

If you are getting enough sleep you should not feel fatigued
throughout the day

Morning types prefer an early bed/wake schedule
Evening types prefer a later bed/wake schedule www.canva.com

What is normal sleep anyway?



What happens
when we sleep?

Normal sleep architecture



REM sleep onset

R & K 1968

FIGURE 1

Upper drawing illustrates the placement of E1, E2, AL, and A2 ¢lectrodes stages. (See text, pages 2-4). This epoch illustrates the onge
for detection of cye movemenis and also shows two methods for recording tonie REM. Note relatively low voltage mixed frequency EEG, REM
EMG from mental and submental muscle areas. Lower drawing illustrates the sharp decrease In the tonic EMG.
placement of C3, C4, Al, and A2 electrodes for EEG recording of sleep

Rechtschaffen and Kales 1968

What happens in the brain
during sleep?




Non-REM

Normal Sleep Architecture
WELG

REM

N1

N2
NE

"deep sleep”

How does sleep change
during the night?




Sleep-Wake
Regulation

What makes us sleep?



Process S
Homeostatic Sleep Pressure Optimal Sleep Opportunity

Process C
Circadian Wake Drive

Sleep Wake Sleep Wake

~11PM ~/AM ~11PM ~/AM

adapted from Borbely Hum Neurobiol 1982
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of Sleep Regulation

Sleep-Wake Regulation
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Process S
Homeostatic Sleep Pressure Optimal Sleep Opportunity

Process C
Circadian Wake Drive

Sleep Wake Sleep Wake

~11PM ~/AM ~11PM ~/AM

adapted from Borbely Hum Neurobiol 1982
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Sleep-Wake Regulation







Influence of light on
circadian rhythms

‘ Dependent on:

e Wavelength
o Blue light ~480 nm = range strongest
m Suppresses melatonin
o Red light ~700 nm = weak effect
e Pattern
e Duration
e Intensity

Circadian Rhythm Resetting




Light In the morning
shifts the drive to sleep
and wake EARLIER

Light In the evening
shifts the drive to sleep
and wake LATER

Light exposure at different
times does different things




What happens when
sleep is too short
or mis-timed?




Circadian Misalignment




Performance

Impairment

Slowest 10%

Mean

reaction time (ms)

Fastest 10%
3:00 11:00 19:00 3:00 11:00
Approximate time of day
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Johnson et al. 1995

Consequences of Sleep Loss

and Circadian Misalignment



ALLEMOTIONS HAFPY

Tl (AN Gipved| ! Tt (ko Jel=h g o b
B T (gleen rgtad) B TSl s raated]

Sujective Emotional Rating

[ I e . S - .|D‘..-:T-.....-.'.
1 23 4 5 68 7 8 8 1 2 3 456 7 8 8

ANGRY SAD

TueSE [SbelD Clprvied) ] Testl [sheep deprreed)
W Tesrl e tested] B TesT (veep rested]

Recognition

Sujectve Emational Rating

-
9
i)
0
=
Ll
T
0
.=
0
<1
E

In'l T T T T T T T I._I ] _ﬂ'l ] T L T T T T T '-
12 3 45 6789 1 2 3 4 5 687 8 9
— nCTeasing emotion intersty —» FICTe AN SMOLoN intendity .+
PICTURE STIMULI PICTURE STIMULI

Consequences of Sleep Loss
and Circadian Misalignment
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Memory Consolidation

Over Sleep Over Wake
P=.04

After After
Wake Sleep

Tucker etal. 2017 SLEEP
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Consequences of Sleep Loss

and Circadian Misalignment

Overa Overa Overa Overa
Nightof Dayof Dayof Nightof
Sleep Wake Sleep Wake

Aftera Aftera Aftera Aftera
Day Night Night Day
Awake Asleep Awake Asleep




Cireadian alignrment Circaaian misaligament

Restad condition Sleap restricton Rested condition Sleap restriction

Glucose
u 180 150 180 i
O N b Bl 1ED i
L 250 250 250 =
o D 30 250 1K
180 180 nep 1%
n 180 100 ) . S5O0 108,
L &0 - 1) £
m : B & ED 129 160 300 340 0 48 B 120 168 200 280 B 43 38 120 150 200 248 0 40 BD 130 160 300 38
“ Insulim
w o & (KR o b 2 IEH L
O N iL504 1, 0w i 150
E H L1 1,C00 LM | 3
u o1 L 14 =1
d 40 B0 157 LD 280 240 0 48 B 930 160 300 340 d 40 B0 930 AED 300 340 4 40 B 130 160 300 34
m s Time gher glissas e Irpectiom Time stier glesnee injecfiom Ti=a ater gluscar injecton Time after rigleaar inpechion
‘ | ivei] [ES | i
O Il u
E g/
[ ] ”i

| 4
f
r“
J'

Leproult et al. 2014 Digbetes
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Circadian Misalignment
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What can you do to
improve your sleep?




Situational insomnia arises from a variety of causes
Rumination can increase insomnia frequency

Deep breathing exercises can help with the transition to
sleep

Write down concerns to deal with them in the morning

If you can't fall asleep within ~20 minutes or if wake

during the night and cannot fall asleep, then get out of

bed

Don't look at screens

Engage in low-key activities in dim light (e.g. read a book

in dim light) Www.canva.com

Transient lInsomnia




<72 degrees
Comfortable microclimate

Use blackout shades (especially shiftworkers)
Cover indicator lights

Use white noise if needed (especially shiftworkers)

WWW.Canva.com

Optimize Your Sleep Environment




TURN DOWN THE LIGHTS 1-2 H BEFORE BED

Evening light is alerting and can shift your circadian rhythm
Melatonin is not produced in the presence of light

SKIP THE SCREENS

Light from computers/tablets phones shifts the circadian
rhythm

Avoid screens 1-2 hours before bed
Put your phone in another room (yes, really)

TAKE 20 MINUTES TO WIND DOWN

Take a bath
Read a book
Listen to music

- :
ana.com

Create a Bedtime Routine




SLEEP REGULARITY ASSOCIATED WITH:

Better quality sleep

Lower weight gain

Improved alertness and performance
Better academic performance

WEEKENDS COUNT TOO!

Switching schedules between weekends and weekdays
causes social jet lag

MAXIMIZE MORNING LIGHT

Regular timing of morning light helps stabilize your
internal clock
Keep it dark until your target wake time

Maintain a Regular
Bed & Wake Time




Caffeine will change your sleep architecture even if you
are able to fall asleep right after consuming it

Caffeine in the morning can still affect your sleep
There are individual differences in caffeine sensitivity

Alcohol may help you fall asleep, but it will reduce
sleep quality and sleep architecture

Some medications may cause insomnia, discuss these
issues with your personal physician for guidance

WWW.Canva.com

Manage Sleep Disrupting
Substances




What if you don't work
typical shifts?



The circadian rhythm promotes waking during
the day and sleep at night

Makes it difficult to stay awake during the day
Makes it difficult to sleep during the day
Reduced alertness and performance during shifts

Increased pressure to engage with friends family
during the day

Environmental sleep disruption (e.g., noise, light)

WWW.Nasa.gov

Shiftwork Challenges




Before or during shift

Naps are associated with improved alertness and
performance (>20 minutes)

Plan on ~20 minutes to "wake up"”

Performance maintained with ~50 mg of caffeine
(weak cup of coffee, tea) every hour is associated
with improved performance

Blue light has a stronger impact on alertness
Used on ISS to help crew stay alert

G ] B - AR L O

JSC Flight Controller study showed improved
e crmmctra o e performance following 20 minutes of vigorous
Barger et al. 2021 LNC Al cxercise
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Enhancing Alertness During Work




What if your sleep is
still not restorative?




Chronic insomnia disorder, short-term insomnia
disorder, other insomnia disorder

Can arise from situational/psychological stressors or
physiological causes

Taking an excessive duration of time to fall asleep

Waking during the night with an inability to fall back to
sleep within a few minutes

Waking earlier than desired an unable to go back to
sleep

Symptoms may include any of these

wmwweanvacom  Symptoms at least 3 nights per week

lnsomnia



Associated with frequent waking at night (>5x per h)
Often associated with snoring, snorting, or gasping

Individuals with undiaghosed sleep apnea often spend
a long time in bed, but do not feel refreshed

Fall asleep easily in situations requiring sustained
attention such as in meetings

Associated with obstruction of the airway during sleep
Associated with excess weight

Neurological origin

WWW.Canva.com

Sleep Apnhea



Occurs among those working night, early, or rotating
shifts
affects ~20% of shiftworkers

Difficulty falling asleep, staying asleep, or waking too
early

Loss of 1-4 h of sleep

Associated with obstruction of the airway during sleep
Associated with excess weight

WWW.Nasa.gov

Shiftwork Disorder




Sleep is shifted too early or too late relative to your
social schedule

Affects people who are totally blind

Inability to maintain sleep at night and wake during
the day

Lack of REM paralysis
Acting out dreams

WWWw.Canva.com

Other sleep disorders




Circadian rhythm

Internal clock

Reset by light exposur
Homeostatic sleep pressure

Light in the evening shifts the drive to sleep and wake later, light
in the morning shifts the drive to sleep and wake earlier
Keep the lights off around sleep times

Short and long-term consequences

Optimize your sleep environment
Avoid substances that affect sleep

May require strategies to enhance alertness and facilitate sleep

Talk with your physician if you think you may have a sleep disorder



.




Do other factors influence the
circadian rhythm?

EXERCISE/ACTIVITY TIMED FOOD INTAKE MEDICATIONS




Do other factors influence the
circadian rhythm?

EXERCISE/ACTIVITY TIMED FOOD INTAKE MEDICATIONS

® |ntense exercise in the evening can cause
moderate phase delays (30 min - 2 h;
Mistleberger and Skene 2005)

e |nfluence on phase advances less clear
(Mistleberger and Skene 2005)

e Difficult to disentangle light effects from
exercise effects (Atkinson et al. 2007)

e Regular exercise can aid in sleep
consolidation (Driver and Taylor 2000)

Weak Non-photic Zeitgebers



Do other factors influence the
circadian rhythm?

EXERCISE/ACTIVITY TIMED FOOD INTAKE MEDICATIONS
® |ntense exercise in the evening can cause e Time-restricted feeding in rodents shifts the
moderate phase delays (30 min - 2 h; circadian rhythm (Pendergast et al. 2018)
Mistleberger and Skene 2005) e Peripheral oscillators in the liver and gut
e |nfluence on phase advances less clear (Brown et al. 2019)
(Mistleberger and Skene 2005) e |imited evidence to support a role for
e Difficult to disentangle light effects from circadian shifting via timed food intake in
exercise effects (Atkinson et al. 2007) humans (Adafer et al. 2020)
e Regular exercise can aid in sleep e Fating at adverse circadian phases may lead
consolidation (Driver and Taylor 2000) to diabetes & obesity (Mason et al. 2020)

Weak Non-photic Zeitgebers



Do other factors influence the

circadian rhythm?

EXERCISE/ACTIVITY TIMED FOOD INTAKE
® |ntense exercise in the evening can cause e Time-restricted feeding in rodents shifts the
moderate phase delays (30 min - 2 h; circadian rhythm (Pendergast et al. 2018)
Mistleberger and Skene 2005) e Peripheral oscillators in the liver and gut

e |nfluence on phase advances less clear (Brown et al. 2019)
(Mistleberger and Skene 2005) e | imited evidence to support a role for

e Difficult to disentangle light effects from circadian shifting via timed food intake in
exercise effects (Atkinson et al. 2007) humans (Adafer et al. 2020)

e Regular exercise can aid in sleep e Fating at adverse circadian phases may lead
consolidation (Driver and Taylor 2000) to diabetes & obesity (Mason et al. 2020)

Weak Non-photic Zeitgebers

MEDICATIONS

e Chronobiotics such as melatonin and
tasimelteon can cause phase advances
when taken in the evening (Arendt et al.
1997; Lockley et al. 2015)

e (affeine may have a modest phase shifting
effect (Burke et al. 2015)

e Hypnotics do not shift the circadian rhythm




How do we
mahage sleep
Issues at NASA?



Clock time (h)
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Consequences of Circadian Misalignment

Aligned Misaligned

Sleep duration (h)

Latency (m) 10(15) 13 (25)
# wakings 1.7(1.9) 1.8(1.8)
Sleep efficiency (%) 89 (7) 90 (7)
Sleep quality 67 (18) 60 (21)

Applied Research at NASA
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Applied Research at NASA



Spaceflight Analog Studies
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