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What is it like to sleep in space?

* The spaceflight sleep environment
* Past, present, and future

« (Causes and consequences of sleep
disruption during spaceflight

« (Causes and countermeasures for circadian
misalignment during spaceflight

« Countermeasures for sleep in space
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The spaceflight sleep environment

Present Future
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The spaceflight sleep environment
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Present

- T S =

THE BEST OF SLEEP MEDICINE & RESEARCH worldsleepcongress.com



WORLD SLEEP
e T

The spaceflight sleep environmen

Future

LAUNCH
SLS and Orion fift off from
Kennedy Space Center

Solld rocket
boosters separate

The LAS is no longer
needed, Orion could
safety abort

;
ENGINE
With separation

I

Perform the perigea
raise maneuver

EARTH OR!
Systoms chock and solar
panel adjustments

AJTEMIS 1l

Landing on the Moon in 2024

NJECTI
Burn lasts for
approximately 20 minutes

T 1OON
Requires several
attitude maneuvers

NSE

Orlon performs bum and
rendezvous to dock to the
Gatoway

YSTEM (HLS
Undocks from Gateway

Descends to lunar
touchdown

During lunar surface
mission

Then to Gateway Orbit
to dock with Gateway

Undocks from Gateway

Gateway, and departs Orbit
Gatoway Orbit

Enter Earth's
atmosphere

Pacific Ocean landing
within view of U.S. Navy
recovery ships
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The spaceflight sleep environment

Common Features

* |solation and confinement
* Potential for psychosocial issues

» Altered gravity
 lrregular photoperiods
« Radiation exposure
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Sleep is shorter in space

« Studies consistently find that astronauts
sleep ~6 h (summarized in Kirkley et al., 2023)
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Barger et al. 2014 Lancet Neurology

THE BEST OF SLEEP MEDICINE & RESEARCH worldsleepcongress.com



WORLD SLEEP

o5ess 2023 A

Causes of sleep disruption

« Environmental disruption
* Noise, temperature, light pollution, lack of privacy

 Workload

* Especially during short-duration missions

* Frequent schedule changes
 Adjustments to accommodate mission events

* Microgravity? Radiation?
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Consequences of sleep disruption

. B 0 hypnotics
Il ' hypnotic

- 2 hypnotics

Increased hypnotic use

 78% of crewmembers reportedly
used hypnotic medication
(Barger et al. 2014)

 Hypnotics used on >50% of
nights in space (Barger et al.
2014)

* Two doses in one night reported
by 18% of astronauts (Barger et
al. 2014)
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Consequences of sleep disruption

Reduced alertness and neurobehavioral
performance
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Causes of circadian disruption

Inappropriate/Insufficient Light Exposure  Schedule-induced

Time of Day (CDT)
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Consequences of circadian disruption
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Aligned Misaligned = |
_
Sleep duration (h)  6.4(1.2) 55(1.2) ~ ==
Latency (m) 10 (15) 13 (25) = I e
# wakings 1.7(1.9) 1.8(1.8 | TR
g. . . . == 0 ]
Sleep efficiency (%) 89 (7) 90 (7) == | | 3
Sleep quality 67 (18) 60 (21) =
|
Flynn-Evans et al., 2016 Nature Microgravity LI L
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Consequences of circadian disruption

Increased medication use
 Hypnotics reported on 24% of
misaligned nights and 11% of
aligned nights
« Any medication reported on 63% of
misaligned nights and 49% of
aligned nights
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Countermeasures

Optimized sleep
environment (Broyan et

al., 2008)
* Private
« Quiet
 Light blocking
 Appropriate
temperature and
airflow
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Countermeasures

Optimized scheduling

« Reduced
schedule shifts

e Biomathematical
modeling (Shelat
et al., 2022)
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Countermeasures

Personalized
medicine

« Jet lag planning
e Countermeasure
advice

 Hypnotic testing
(Dinges et al,,
2019)
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Countermeasures

Tunable lighting

« Mimics Earth

photoperiod
(Brainard et al.
2016)
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Countermeasures

Caffeine
« Ongoing
research
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Future Directions

Assess impacts of altered gravity and radiation
 Potential interactions with glymphatic
system?
Assess impacts of air quality
 Potential for CO2 pockets
 Lunar dust

Develop countermeasures for Mars photoperiod
 Rotation of 24 h 39 m
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