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BACKGROUND

An inadequate quantity or quality of sleep may impair an astronaut’s ability to maintain a high level of cognitive
performance and vigilance while operating and monitoring sophisticated instrumentation during spaceflight. In order to
understand sleep in space more completely, we conducted a large scale study of astronauts across multiple Space Shuttle
(STS) and International Space Station (ISS) missions. Since 2000, crewmembers assigned to shuttle flights were briefed
about the opportunity to participate in this experiment. ISS crews were briefed beginning in 2006. Participants wore a
small light-weight ambulatory recording device [Actiwatch-L; manufactured by MiniMitter, then Respironics, then
Philips, Bend, OR] for assessment of sleep-wakefulness activity via wrist actigraphy and light-exposure levels via wrist
photometry during three Earth-based data-collection intervals and the spaceflight mission. Additionally, crewmembers
were instructed to complete a sleep log within 15 minutes of awakening to record medication use (every day on STS and
for approximately one-third of ISS mission days). Sleep was estimated using Actiware Software [Version 3.4] and
circadian timing was estimated using Circadian Performance Simulation Software (CPSS).

We studied 21 ISS crewmembers (3,201 ISS inflight days) from 2006-2011 during missions lasting, on average, 155 +
39 days. Preliminary results indicate that the mean (+ SD) nightly sleep duration, as estimated from actigraphy, was 6.1
+ 0.7 hours on ISS missions, which was significantly shorter than during Earth-based collections 90 days prior to the
mission and one-week postflight (p<0.01) [1]. To obtain even this limited amount of sleep, 75% of ISS crewmembers
reported taking sleep-promoting medications inflight. Circadian misalignment occurred during 20% of mission days
and was significantly associated with increased use of sleep medication, decreased sleep quality and shorter sleep
durations [2].

One US astronaut and one Russian cosmonaut plan to take part in a one-year ISS mission. Given that the duration of
this mission will be essentially twice as long as the nominal ISS missions, it is unknown how the mind and body,
including sleep and the circadian system, will respond or adapt to that much time in space. We plan to estimate sleep and
circadian alignment throughout the mission via the previously employed protocol. Findings from this long duration
mission are crucial to inform future exploration class missions.

METHODOLOGY: Crewmembers wear a small light-weight ambulatory recording device [Spectrum; Philips, Bend,
OR] for assessment of sleep-wakefulness activity and light-exposure during four Earth-based data-collection intervals
and the spaceflight mission. Crewmembers also complete a sleep log within 15 minutes of awakening every day during
ground collection intervals and for approximately one-third of ISS mission days. We plan to estimate sleep and
circadian alignment via the analysis methodology previously used on the ISS.

RESULTS: Two weeks of baseline data were collected at approximately 9 months and 4.5 months prior to launch.
Inflight, we have recorded 281 days of actigraphy and collected 117 sleep logs.

CONCLUSION: This research project will inform Behavioral Health and Performance risk-related questions such as
“Does sleep loss continue on long duration spaceflight or is there adaptation?” and “What is the nature of circadian
desynchronization over long duration missions?”” The findings from this long duration mission are crucial to inform
future long-duration exploration class missions.
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An inadequate quantity or quality of sleep may impair an astronaut’s ability to maintain a high level of cognitive
performance and vigilance while operating and monitoring sophisticated instrumentation during spaceflight. In order to
understand sleep in space more completely, we conducted a large scale study of astronauts across multiple Space Shuttle
(STS) and International Space Station (ISS) missions. Since 2000, crewmembers assigned to shuttle flights were briefed
about the opportunity to participate in this experiment. ISS crews were briefed beginning in 2006. Participants wore a
small light-weight ambulatory recording device [Actiwatch-L; manufactured by MiniMitter, then Respironics, then
Philips, Bend, OR] for assessment of sleep-wakefulness activity via wrist actigraphy and light-exposure levels via wrist
photometry during three Earth-based data-collection intervals and the spaceflight mission. Additionally, crewmembers
were instructed to complete a sleep log within 15 minutes of awakening to record medication use (every day on STS and
for approximately one-third of ISS mission days). Sleep was estimated using Actiware Software [Version 3.4].

We studied 21 ISS crewmembers (3,201 ISS inflight days) from 2006-2011 during missions lasting, on average, 155 +
39 days. Preliminary results indicate that the mean (+ SD) nightly sleep duration, as estimated from actigraphy, was 6.1
+ 0.7 hours on ISS missions, which was significantly shorter than during Earth-based collections 90 days prior to the
mission and one-week postflight (p<0.01). To obtain even this limited amount of sleep, 75% of ISS crewmembers
reported taking sleep-promoting medications inflight. Circadian misalignment, as measured by Circadian Performance
Simulation Software (CPSS), occurred during 20% of mission days and was significantly associated with increased use
of sleep medication, decreased sleep quality, and shorter sleep durations.

One US astronaut and one Russian cosmonaut plan to take part in a one-year ISS mission. Given that the duration of
this mission will be essentially twice as long as the nominal ISS missions, it is unknown how the mind and body,
including sleep and the circadian system, will respond or adapt to that much time in space. We plan to estimate sleep and
circadian alignment throughout the mission via the previously employed protocol. Findings from this long duration
mission are crucial to inform future exploration class missions.

Two pre-flight data collection intervals have been completed for two ISS12 crewmembers. Inflight actigraphy and sleep
log data collection are ongoing.
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