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Abstract

Background—Sleep deprivation and fatigue are common subjective complaints among
astronauts. We conducted the first large-scale evaluation of objectively-estimated sleep of
astronauts on both short- and long-duration spaceflight missions.

Methods—AllInon-Russian crewmembers assigned to space shuttle flights with inflight
experiments from July 2001 until July 2011 or ISS Expeditions from 2006 —2011 were eligible to
participate. We objectively assessed, via wrist actigraphy and daily logs, sleep-wake timing of 64
astronauts on 80 Space Shuttle missions, encompassing 26 Space Transportation System flights
(1,063 inflight days), and 21 astronauts on the International Space Station (ISS) (3,248 inflight
days) and, for each astronaut, during two Earth-based data-collection intervals prior to and one
following spaceflight (4,013 ground-based days).

Findings—Astronauts attempted and obtained significantly less actigraphically-estimated sleep
per night on space shuttle missions (7-35 = 0-47 and 5-96 + 0-56 hours, respectively), in the 11-
days before spaceflight (7-35 + 0-51 and 6-04 + 0-72 hours, respectively) and even three months
before spaceflight (7-40 £ 0-59 and 6-29 + 0-67 hours, respectively) than they did upon their return
to Earth (8:01 £ 0-78 and 6-74 £ 0-91 hours, respectively) (p < 0-0001 for each) Astronauts on ISS
missions also obtained significantly less sleep three months prior (6.41 + 0.65), in the 11 days
prior (5.86 = 0.94) and during spaceflight (6.09 + 0.67 hours), as compared to the first week post-
mission (6.95 = 1.04 hours; p < 0-0001). Seventy-eight percent (61/78) of shuttle mission-
crewmembers reported taking a dose of sleep-promoting medications on 52% of nights (500/963)
and 2 doses on 17% of nights during flight (87/500); 75% of ISS crewmembers (12/16) reported
using sleep-promoting medications.

Interpretation—Sleep deficiency in astronauts was prevalent not only during space shuttle and
ISS missions, but also throughout a 3-month pre-flight training interval. Despite chronic sleep
curtailment, sleeping pill use was pervasive during spaceflight. As chronic sleep loss produces
performance decrements, these findings highlight the need for development of effective counter
measures to promote sleep.

Funding—The study was supported by NASA cooperative agreement NCC 9-119. Drs. Czeisler
and Barger received support from the NSBRI (HFP01601).

Keywords
fatigue; spaceflight

INTRODUCTION

After landing on the moon in 1969, Astronaut Neil Armstrong was reportedly unable to
sleep all night and Astronaut Buzz Aldrin managed only “a couple of hours of fitful
drowsing” during their 21.6 hours on the moon, reportedly because they could not escape
from light and noise in the small cabin of their spacecraft and the spacesuit’s cooling system
made it too cold for sleeping.! Because sleep deficiency, an inadequate quantity or quality of
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sleep?, increases the risk of errors and accidents and human error contributes to 60% and
80% of aviation accidents,* NASA has improved sleeping conditions for astronauts during
spaceflight, and even provides light- and sound-attenuated (less than 50 decibels)® sleep
stations for astronauts aboard the International Space Station (ISS). Yet sleep deprivation
and fatigue remain common complaints among astronauts,® leading some to the hypothesis
that microgravity interferes with the ability to sleep.

Previous studies of sleep and hypnotic use in space have been limited to post-flight
subjective survey data’ or in-flight objective data collection from a small number of
crewmembers as part of specific science payloads.&° In order to characterize more
representative sleep patterns of astronauts during spaceflight, we conducted a large-scale
study before, during and after multiple Space Transportation System (STS) Space Shuttle
and ISS missions measuring both objective and subjective measures of sleep that have been
validated against polysomnographically-recorded sleep in space.8:°

METHODS

Participants

All non-Russian crewmembers assigned to shuttle flights with inflight experiments from
July 2001 until July 2011 or ISS Expeditions from 2006 —2011 were eligible to participate.
NASA excluded the Russian cosmonauts due to conflicting policies regarding participation
in research and individual commanders sometimes limited the number of crewmembers on a
mission who could participate in any given experiment due to operational time constraints.
Although the shuttle docked with the ISS on most missions, those astronauts assigned to the
short duration shuttle flights were considered shuttle astronauts. Similarly, even though
astronauts assigned to ISS missions may have been transported to or from the ISS via the
shuttle, they were considered ISS astronauts. The Partners HealthCare System Human
Research Committee and the NASA Committee for the Protection of Human Subjects
approved the protocol. Participants provided written informed consent prior to the start of
the study. Out of the 193 eligible mission-crewmembers, 114 consented to participate
(59%). Of those who consented, 94% (n=101) of those who returned to Earth safely
completed the study (54% of eligible crewmembers who returned to Earth safely).

Procedures

To assess sleep-wake timing during spaceflight, we recorded actigraphy of the non-
dominant wrist continuously throughout three terrestrial data collection intervals (two weeks
scheduled 90 days before launch [SL-90], from 11 days prior to the day of launch [L-11] and
for the first 7 days post-landing [R+7]) and inflight. All crewmembers slept at home during
the SL-90 data collection interval. Prior to launch (during the L-11 data collection interval),
crewmembers moved to astronaut crew quarters, with individual sleep rooms, at Johnson
Space Center, Kennedy Space Center or in Moscow. After landing, all shuttle and ISS
crewmembers who returned to Earth aboard the shuttle slept at home during the R+7 data
collection interval; those ISS crewmembers who returned in the Soyuz slept in crew quarters
during that interval. During spaceflight aboard the shuttle, crewmembers slept in sleeping
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bags (Figure S1a). ISS crewmembers usually slept in individual sleeping quarters (Figure
S1b).

Unlike prior studies of sleep in space, neither participant behavior (e.g., sleep schedule) nor
countermeasure (e.g., sleeping pill) use was restricted during any of these data collection
intervals. Crew members continuously wore a small, light-weight activity- and light-
recording device [Actiwatch-L (AWL); MiniMitter/Phillips Respironics, Bend, OR] and
kept a daily sleep and medication log during the data collection intervals. Due to operational
and technical constraints, actigraphy data were collected and scored in two-minute epochs
inflight. On the ground, such data were collected in one-minute epochs and scored in two-
minute epochs. ISS crewmembers used a computerized version of the sleep log inflight and
were scheduled to complete it on a daily basis during specified intervals (e.g., one week out
of every three weeks), whereas on shuttle missions and during all terrestrial data collection
intervals the log was completed daily via paper/pencil. Actigraphy was analyzed during
reported sleep episodes using a standard algorithm (see supplemental methods).

Statistical analysis

Univariate summary statistics were calculated for all participants to evaluate population
characteristics. Objective and subjective measures of sleep and medication used to promote
sleep were quantified and compared among SL-90, L-11, inflight and R+7 data collection
intervals using mixed-effects model with data collection interval and sleep episode as fixed
effects and participant as random effect, and controlled for age (continuous variable) and
gender. Nested random effects were added to the model in order to account for correlation
from the same crewmembers completing repeat missions. Self-reported sleep latency >240
minutes (n=11) was excluded as error. Statistical analysis was completed using SAS 9.2
(SAS Institute, Inc., Cary, NC). Mean, standard deviation in Tables 1 and 2 and mean
difference and 95% CI in table 3 are based on raw data and p-values in these tables are from
statistical models.

During spaceflight, crewmembers removed the Actiwatch-L for all EVAs and sometimes for
other operational duties or for exercise. Occasionally, they forgot to put back on the
Actiwatch-L before they went to sleep resulting in the loss of 3.8% (40/1063) of actigraphy
data on shuttle missions and 9.1% (297/3248) of actigraphy data on ISS missions. Because
only a small percentage of data were missing sporadically, we did not impute missing data.

Role of the funding source

RESULTS

The study sponsors had no role in the study design, data collection, data analysis, data
interpretation, or writing of the report. All authors had full access to all the data in the study
and the corresponding author had final responsibility for the decision to submit for
publication.

Sixty-four crewmembers (female=10) participated in 80 missions on 26 shuttle flights.
Fifteen participants completed the study twice and one crewmember completed the study
three times. Mean age of shuttle crewmembers was 46-4 + 4-5 (mean + SD; range 37-7—
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57-9) years. Investigation of sleep among shuttle crewmembers includes 4,173 nights of data
collection, including 1,063 nights during spaceflight.

Twenty-one crewmembers (female=6) participated during 13 ISS expeditions (Expedition
14 until Expedition 26). Mean age of ISS crewmembers was 46-7 + 3-9 (mean + SD; range
401 — 55.8) years. Investigation of sleep among ISS crewmembers includes 4,152 nights of
data collection, including 3,248 nights during spaceflight.

Crew members who completed the study were similar in age and gender to those who did
not enroll or complete the study (46.4 * 4.4 years versus 45.9 + 4.6 years, 18.8% versus
16.3% female, respectively).

Sleep on Shuttle Missions

Duration of Attempted Sleep—The duration of time astronauts attempted to sleep per
night was significantly less on shuttle missions, during the 11-days before spaceflight and

three months before spaceflight than it was upon their return to Earth (p < 0-0001 for each;
Table 1).

Objective Sleep Quantity (Actigraphy)—It took longer for crewmembers to fall asleep
and they slept significantly less on shuttle missions and during SL-90 and L-11 compared to
R+7 (p<0:0001, Figure 1, Table 1). Age and gender were not significant in the model. The
mean duration of sleep during spaceflight was 5-96 + 0-56 hours. Crewmembers slept on
average 20 minutes longer each night during SL-90 and 47 minutes longer each night during
R+7 (Table 1).

On 47-1% of nights aboard shuttle missions (480/1020), astronauts obtained less than 6
hours of sleep (Figure 2). This may in part be because a reduction in the duration of the time
attempting to sleep before and during the flight. Objective actigraphy recordings revealed
that only 32 (3:1%) of sleep episodes (i.e., the duration of time in bed attempting to sleep)
on shuttle flights, 131(16-1 %) sleep episodes during L-11 and 236 (23-5%) sleep episodes
during SL-90 were 8 or more hours long, as compared to 236 (46-2%) post-flight sleep
episodes (Table 2). Crewmember-reported causes of sleep disturbances are reported in
supplementary material.

Critical tasks—33 crewmembers were required to perform 83 extra vehicular activities
(EVA). Actigraphy data were available on 80 of those nights before EVAs. On more than
one-half of the nights (41/80, 51.3%) before accomplishing EVAs, crewmembers slept less
than 6 hours. On 1-3% of nights before these critical tasks did crewmembers obtain 8 hours
of sleep (1/80) Figure 2/Table 2).

Subjective Sleep and Alertness Outcomes

Astronauts reported sleeping significantly less on shuttle missions and during SL-90 and
L-11 compared to R+7 (p<0-0001, Figure 1/Table 1). Subjective ratings of sleep quality and
alertness were significantly higher post flight compared to during the shuttle missions
(p<0:0001, p<0-0001, respectively), during SL-90 (p=0-0002, p<0-0001, respectively), and
L-11 (p<0-0001, p<0-0001, respectively) compared to R+7 (Table 1).
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Sleep and Alertness on International Space Station Missions

Sleep deficiency on ISS missions was similar to shuttle missions. Astronauts slept
significantly less on ISS missions compared to SL-90 (p=0-0019) and R+7 (p<0-0001)
(Table 1). On 43-8% of nights aboard ISS missions (1294/2951), astronauts obtained less
than 6 hours of sleep (Table 2/Figure 2). There were no significant trends in sleep variables
over the duration of the mission. At R+7, crewmembers reported sleeping on average >40
min more per night than they did at L-11 and inflight (Table 1). Subjective ratings of
alertness were significantly lower during L-11 as compared to R+7 (p=0:007).

Sleep and Wakefulness Countermeasure Use During Spaceflight

Medication use on shuttle missions—Seventy-eight percent of shuttle mission-
crewmembers (61/78) reported taking sleep medications inflight. Sleep medications use was
reported on 52% of the inflight nights (500/963) with 2 doses of sleep medication on 17% of
nights that sleep medications were taken (87/500; Figure s3). Sleep medication use was
reported on 60% of nights before EVAs. Sleep medications were taken less frequently
during SL-90, L-11 and R+7 than inflight (p<0.0001, Table 1).

Zolpidem and zolpidem CR were the most frequently used mediations on shuttle missions,
accounting respectively for 73 % (301/413) and 12% (49/413) of nights when a single dose
of medication was reported. Zaleplon was reported on 11% (45/413) of nights when a single
dose of medication was used. Other sleep-promoting medications reported by shuttle
crewmembers include temazepam (8/13, 2%), eszopiclone (2/413, 0.5%), melatonin (7/413,
2%) and quetiapine fumarate (1/413, 0.2%). When two doses of medications were reported,
it was most commonly two doses of zolpidem (22/87, 25%) or zolpidem CR (15/87, 17%).
A variety of combinations were used when two different medications were reported in the
same night--the most common being zolpidem and zaleplon (14/87, 16%), zolpidem and
melatonin (10/87, 11%), zolpidem CR and melatonin (8/87, 9%), and zolpidem CR and
zaleplon (7/87, 8%).

Within-subject analysis (n=607) showed that total sleep time estimated by actigraphy and
self-reported sleep disturbance and alertness were similar in the inflight nights regardless
when sleep medications were reported used or not used (Table 3). However, sleep efficiency
was lower, self-reported sleep latency was greater and subjective sleep quality was rated
lower on nights without medication use.

Medication use on ISS missions—Of the twenty-one ISS crewmembers, more than
one-third (n=8) declined to answer the medication use question on the sleep log at some
point during the mission preventing the question on medication use from being asked in
future logs. Three of those eight indicated sleep-promoting medication use in the mission
prior to declining to answer the question. Thus, 75% (12/16) of crewmembers reported using
sleep promoting medications. Sleep medications were reported used on 11% of sleep logs
(96/852). On 19% of days when sleep-promoting medications were used (18/96), two doses
were reported.

Wake-promoting countermeasures are described in supplementary materials.
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DISCUSSION

In the most comprehensive study of objectively assessed sleep-wake timing in the history of
both short-duration and long-duration spaceflight, we found that sleep deficiency is
pervasive among crewmembers despite NASA regulations that mandate 8-5 hours of
protected time for sleep each night1% and widespread use of sleep medications during
spaceflight, consistent with subjective post-flight reports of sleep duration aboard nine early
short-duration shuttle missions (n=58).” Prior polysomnographic recordings of sleep in
space, which were much more invasive, were unable to assess the spontaneous timing of
sleep in space because the limited number of crewmembers were tethered to the equipment
during the scheduled sleep episode and use of hypnotic medications was
prohibited.8:911.12(See Panel: Research in Context). In fact, significantly longer sleep
durations were documented by actigraphy on nights when sleep was polsomnographically
recorded (6-96 + 0-11 h) as part of an experimental protocol for the science payload than on
nights when sleep was not polysomnographically recorded (6:36 + 0-22 h; p=0-0215).° The
present results indicate that on shuttle flights in which there is not a sleep science payload,
average nightly sleep durations are even shorter (5:96 = 0-56 h).

We found crewmembers aboard long-duration ISS missions also averaged 6-09 + 0-67 h per
night, comparable with short-duration shuttle missions, contrary to anecdotal reports that
ISS crewmembers obtain substantially more sleep than shuttle crewmembers3 That such
sleep curtailment was problematic for ISS crewmembers is revealed by an analysis of 1SS
astronaut journal entries, which showed entries about sleep to be among the top ten topic
categories, with the majority of those entries being negative (e.g., “I found myself getting
pretty inefficient; by the time I go to bed tonight my work day will have been about 27
hours, and that’s on top of 2 nights with pretty minimal sleep....”; “The fatigue was evident
when a couple of minor mistakes were made today on some payload activities. The ground
caught the mistake...but it is an obvious indicator of fatigue.”; “Very tired. Woke up at 2 am
and couldn’t get back to sleep. Finally fell asleep and overslept.”; “I fell asleep while
typing.”; and “I just need sleep.”).6 However, we did find that on the 7.7% of nights, 1SS
crewmembers slept 8 hours or more, whereas shuttle crewmembers obtained that much sleep
on only 0-30% of inflight nights (p<0-0001).

Although there were significant differences in the subjective ratings of sleep quality and
alertness, the effect size is small. Operational importance of these small differences could
not be determined. There was no trend in sleep over the duration of ISS missions (See
supplement Figure S4). This could be due to the operationally required changes in sleep-
wake schedules that occurred throughout the missions, which included repeated “slam
shifts” required when the shuttle docked with the ISS. Further research on sleep is planned
for the future one-year ISS missions and may be able to inform on trends in sleep over
longer durations, which is especially relevant for future exploration missions to Mars and
beyond.

Although astronauts obtained, on average, significantly less sleep inflight than during Earth-
based data collection, our data suggest that their build-up of sleep deficiency began long
before launch, as they averaged less than 6-5 hours during the training-intensive SL-90

Lancet Neurol. Author manuscript; available in PMC 2015 September 01.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Barger et al.

Page 8

interval, about one-half hour less actigraphically estimated sleep per night than the average
American adult.14:15 and approximately 40 minutes less per night than at R+7. Such pre-
flight sleep deficiency makes individuals more vulnerable to the effects of subsequent sleep
loss.16

The sleep deficiency we observed prior to spaceflight launch is not dissimilar to sleep loss
that commonly occurs with stress prior to important events such as exams, athletic events or
difficult work.1” Sleep deficiency is also common in modern society before both business
and leisure travel and whenever individuals must manage high workloads, family and other
obligations. Such sleep deficiency typically leads to shorter sleep latencies and greater sleep
duration in subsequent sleep episodes.18

Despite a history of chronic sleep curtailment, which is used clinically to improve sleep
consolidation in insomnia, three-quarters of shuttle and 1SS crewmembers chose to use
hypnotics to obtain this limited amount of sleep, an approach that has been used to address
this problem since the start of the space program. Seconal, a short-acting barbiturate, was
added to the inflight medication kit after the Apollo 7 crew reported sleep difficulties.1?
Records from 79 early U.S. shuttle missions revealed that sleeping pills accounted for 45%
of all medication use by astronauts in space. More doses of medication were taken for sleep
than any other indication, with more than 500 unit doses administered.2? Nineteen percent of
the shuttle crewmembers on single shift missions and 50% of crewmembers in dual shift
operations reported using sleep-promoting medications inflight.2% The percentage of
crewmembers using sleep-promoting medications was even higher in the later years of the
shuttle program and in the ISS increments measured in this study, even though all missions
were single shift, and most ISS crewmembers had individual sleep stations. The reported
incidence of sleep-promoting medication use during spaceflight is 20 times greater than the
percentage of Americans estimated to use hypnotics at any time in a given year.2!

Moreover, astronauts reported taking two doses of sleep medications on approximately 1 in
6 nights when sleep medication was used. Although subjective data from shuttle
crewmembers indicate that self-reported sleep latency and quality were improved on nights
when sleeping pills were taken, objective data of actigraphically-recorded sleep aboard the
shuttle indicate that, on average, sleep efficiency was increased by only 1-3%; (p=0-04)
although the 11-minute difference in sleep duration was not statistically significant (p=0-08).

Such a marginal benefit must be balanced against the risks associated with hypnotic use. The
ability for a crewmember to optimally perform if awakened from sleep by an emergency
alarm may be jeopardized by the use of sleep-promoting pharmaceuticals. Routine use of
such medications by crewmembers operating spacecraft are of particular concern, given the
FDA warning that patients using sleeping pills “should be cautioned against engaging in
hazardous occupations requiring complete mental alertness or motor coordination...
including potential impairment of the performance of such activities that may occur the day
following ingestion of sedative/hypnotics.”22 This consideration is especially important
because all crewmembers on a given mission may be under the influence of a sleep-
promoting medication at the same time. Moreover, despite the FDA’s additional warning
that patients should, “Use this medicine only when you are able to get a full night's sleep (7
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to 8 hours),” crewmembers reported taking a second dose of hypnotic medications—most
commonly Ambien® (zolpidem)—often only a few hours before awakening.22 Although
crewmembers are encouraged to try such medications on the ground at home at least once
prior to their use in flight, such try-outs likely do not involve multiple dosing or dosing with
two different medications on the same night. Furthermore, such try-outs do not include any
measure of objective efficacy or safety such as what would occur in the case of abrupt
awakening during an inflight night time emergency. Zolpidem, for example, produces safety
significant performance decrements and impaired balance following awakening from
sleep.23 Further, sleep-related eating, sleep walking and sleep driving events have been
reported with the use of zolpidem, leading the FDA to require a “black box” warning on all
hypnotic medications that driving and performance of other tasks may be impaired in the
morning following the use of the such medications: “A variety of abnormal thinking and
behavior changes have been reported to occur in association with the use of sedative/
hypnotics.... Complex behaviors such as ‘sleep-driving’... have been reported. Amnesia,
anxiety and other neuro-psychiatric symptoms may occur unpredictably.”2425 Yet, sleep
medication use was reported on more than half of the nights before EVA were performed.
Further, prolonged use of benzodiazepines or benzodiazepine receptor agonists carry the risk
of dependency.26

This study is limited by the constraints of operational research. First, as actigraphy does not
directly measure sleep stages, we therefore are not able to detect differences in sleep
structure associated with sleep-promoting medications. However, actigraphy has shown to
be highly correlated with polysomnographically defined sleep timing, even under spaceflight
conditions.%27 Second, we have utilized post flight sleep duration as a comparator, which
could be influenced by sleep deficiency during flight. However, preflight intervals would
have been an in appropriate baseline reference due to the intensive astronaut training and
transmeridian travel schedules that interfered with sleep and began more than one year
before flight.

Because this was an observational study taking place during operational spaceflight, we
were unable to capture objective measures of cognitive or operational performance or errors.
Therefore, we can only infer from research in other operational situations as to how chronic
sleep restriction and sleep-promoting medication use might interfere with mission safety and
success. The use of sleep medications during spaceflight requires further investigation in
order to develop and recommend best practices for crewmembers aboard the ISS and in
missions beyond low earth orbit. The minimal improvement we observed in objective
measures of sleep duration and efficiency afforded by sleep-promoting medications reveals
the need for better counter measures and for further investigation into the stability,
absorption and efficacy of such medications inflight.28-30 and the impact of chronic sleep
deficiency and hangover effects from sleep-promoting medication use on operationally
relevant outcomes, such as robotic operations.

The monitoring and evaluation of sleep duration and timing should continue in future
spaceflight missions as a medical requirement including baseline data collection prior to
astronaut selection for flight to estimate more accurately individual baseline sleep duration.
The development of other effective counter measures to promote sleep inflight is essential,
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and may include scheduling modifications and behavioral strategies to ensure adequate
sleep, which is essential for maintaining health, performance and safety.31-38

Panel: Research in Context

Systematic Review—We conducted a systematic literature review to identify prior
studies that reported sleep outcomes during spaceflight. On June 22, 2014 we searched
PubMed using the search terms “human,” “astronaut,” and “sleep.” This literature search
yielded 88 candidate manuscripts. We narrowed our search to original reports, written in
English, that included sleep duration measured objectively (using inflight actigraphy and/or
polysomnography) during spaceflight, and that were published during the interval from
October 4, 1957 (day Sputnik 1 launched) to June 22, 2014. In cases where multiple
manuscripts included data on the same cohort of astronauts, only one manuscript was
included.

Six studies met those criteria, with an average of 4 participants in each study (range: 1-7)
and a cumulative total of 25 crewmembers studied during that 57-year interval.

Interpretation—This manuscript reports the results of the most extensive study of sleep
during spaceflight ever conducted with more than half of all eligible crewmembers
completing the study. Unlike prior studies of sleep in space that were conducted on a few
crewmembers during single missions, this study includes data from more than 4,000 nights
of sleep recording on the ground before and after spaceflight and more than 4,200 nights of
sleep recording in space from 64 astronauts aboard the space shuttle and 21 astronauts
aboard the International Space Station. The high participation rate and scope of the study
enhances the representativeness of the astronaut population and generalizability of the
findings.
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Figure 1.
Mean sleep duration was significantly less on shuttle missions and during the SL-90 and

L-11 pre-flight data collection intervals than during the post-flight data collection interval
(marked with asterisks; p < 0-0001). The box plot indicates the median with a line, the 25t
and 75th percentiles with the bottom and top of the box, respectively, and the10th and 90th
percentiles as error bars. The dots are individual subjects with means outside lower than the
10t or higher than the 90t percentile.
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Figure 2.

Percentage of nights with total sleep time (actigraphy) less than 6 hours in space shuttle
(light gray; n=77 shuttle mission-crewmembers) and ISS (dark gray; n=21 ISS
crewmembers) crewmembers during three terrestrial data collection intervals, inflight and on

the nights before EVAs (Space Shuttle only). 95% confidence intervals are indicated.
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Table 2

Nightly Sleep Percentages on Space Shuttle and 1SS Missions

SL-90 (Space Shuttle/ISS)

Number of Time in Bed Sleep Episode Total Sleep Time Total Sleep Time
Hours N=1059/260 Time (Actigraphy) | (Subjective Diary) (Actigraphy)
n(%)/n(%) N=1047/257 N=1024/242 N=1047/257
n(%)/n(%) n(%)/n(%) n(%)/n(%)
<4 1(0-1)/1(0-4) 2(0-2)/2(0-8) 1(0:1)/2(0-8) 23(2-2)/10(3-9)
>4and<5 10(0-9)/7(2:7) 36(3:4)/13(5-1) 22(2:2)/111(4-6) 90(8:6)/28(10-9)
>25and<6 79(7-5)/35(13-5) 114(10-9)/30(117) | 135(13-2)/39(16:1) | 294(28-1)/40(15-6)
26and<7 | 243(23.0)/51(19-6) | 278(26:6)/60(23-4) | 335(32:7)/78(32:2) | 392(37-4)/94(36-6)
>7and <8 | 415(39:2)/89(34-2) | 371(35:4)/76(29-6) | 333(32:5)/53(21-9) | 177(16-9)/58(22-6)
=28 311(29-4)/77(29:6) | 246(23-5)/76(29-6) | 198(19-3)/59(24-4) 71(6-8)/27(10-5)
L-11 (Space Shuttle/ISS)
Number of Time in Bed Sleep Episode Total Sleep Time Total Sleep Time
Hours N=873/196 Time (Actigraphy) | (Subjective Diary) (Actigraphy)
n(%)/n(%) N=862/214 N=830/190 N=863/214
n(%)/n(%) n(%)/n(%) n(%)/n(%)
<4 0(0)/4(2-0) 3(0-4)/7(3:3) 4(0-5)/6(3.2) 16(1-9)/18(8:4)
>24and<5 7(0-8)/5(2:6) 24(2-8)/19(8-9) 14(1-7)/9(4-7) 5(12-9)/37(17-3)
25and<6 45(5-2)/22(11-2) 118(13-7)/28(13-1) 93(11-2)/37(19:5) | 291(33-7)/48(22-4)
>6and <7 | 211(24-2)/43(21-9) | 280(32:5)/56(26-2) | 310(37-4)/64(33-7) | 306(35-5)/68(31-8)
>7and<8 | 388(44:4)/73(37-2) | 298(34:6)/66(30-8) | 329(39:6)/51(26-8) | 110(12-8)/34(15-9)
>8 222(25-4)/49(25-0) | 139(16-1)/38(17-8) 80(9:6)/23(12-1) 29(3-4)/9(4-2)

Inflight (Space Shuttle/ISS)

Number Time in Bed Sleep Episode Time | Total Sleep Time Total Sleep Time
of N=922/996 (Actigraphy) (Subjective Diary) (Actigraphy)
Hours n(%)/n(%) N=1020/2948 N=925/987 N=1020/2951
n(%)/n(%) n(%)/n(%) n(%)/n(%)
<4 2(0:2)/16(1-6) 12(1-2)/89(3-0) 11(1-2)/31(3-12) 38(3:7)/142(4-8)
24and<5 6(0:7)/30(3-0) 47(4-6)/161(5-5) 54(5:8)/44(4-5) 110(10-8)/376(12-7)
25and<6 28(3:0)/110(11-0) 120(11-8)/508(17-2) | 145(15:7)/166(16:8) | 332(32:6)/776(26-3)
26and<7 | 156(16-9)/282(28:3) | 366(35:9)/818(27-8) | 414(44-8)/317(32:1) | 422(41-4)/942(31.9)
27and <8 | 464(50-3)/282(28:3) | 443(43:4)/755(25-6) | 277(30-0)/266(27-0) | 115(11-3)/487(16:5)
28 266(28-9)/276(27-7) 32(3:1)/617(20-9) 24(2:6)/163(16-5) 3(0-3)/228(7-7)
R+7 (Space Shuttle/ISS)
Number of Time in Bed Sleep Episode Total Sleep Time Total Sleep Time
Hours N=503/135 Time (Actigraphy) | (Subjective Diary) (Actigraphy)
n(%)/n(%) N=511/132 N=488/132 N=511/121
n(%)/n(%) n(%)/n(%) n(%)/n(%)
<4 3(0:6)/1(0-7) 4(0-8)/2(1-5) 3(0:6)/12(1:7) 11(2:2)/3(2-3)
24and<5 4(0-8)/1(0-7) 7(1-4)/1(0-8) 7(1-4)/13(2'5) 34(6:7)/13(9-9)
25and<6 19(3-8)/7(5-2) 31(6-1)/9(6-8) 39(8:0)/14(11-6) 108(21-1)/17(12:9)
26and<7 | 66(13-1)/17(12:6) 92(18:0)/21(15-9) 121(24-8)/23(19:0) | 145(28-4)/33(25:0)
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R+7 (Space Shuttle/ISS)

Number of Time in Bed Sleep Episode Total Sleep Time Total Sleep Time
Hours N=503/135 Time (Actigraphy) | (Subjective Diary) (Actigraphy)
n(%)/n(%) N=511/132 N=488/132 N=511/121
n(%)/n(%) n(%)/n(%) n(%)/n(%)
>7and<8 | 137(27.2)/27(20-0) | 141(27-6)/26(19-7) | 164(33:6)/32(26-5) | 137(26-8)/26(19-7)
>8 274(54-5)/82(60-7) | 236(46-2)/73(55-3) | 154(31-6)/47(38:8) | 76(14-9)/40(30-3)

Night before EVA (Shuttle only)

Number of | Time in Bed | Sleep Episode | Total Sleep Time | Total Sleep Time
Hours N=72 Time (Subjective (Actigraphy)
n(%o) (Actigraphy) Diary) N=80
N=80 N=69 n(%)
n(%o) n(%o)
<4 0(0) 0(0) 0(0) 1(1-3)
24and<5 0(0) 3(38) 6(8:7) 11(13-8)
25and<6 1(1-4) 11(13-8) 13(18-8) 29(36-3)
26and<7 17(23-6) 43(53-8) 28(40-6) 28(35-0)
27and<8 34(47-2) 20(25-0) 19(27-5) 10(12:5)
>8 20(27-8) 3(38) 3(4-3) 1(1-3)
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Table 3
Crewmembers’ sleep outcomes on nights aboard Shuttle and ISS missions with and without sleep-promoting
medication
Difference p value
between nights
with and
Nights without | Nights with without
Medication Medication medication
Mean (SD) Mean (SD) (95% CI)
(n=607) Shuttle Shuttle Shuttle (N=49)

(n=324) 1SS 1SS ISS (N=9)
Total Sleep Time (Actigraphy)(hours) 5-82 (0-88) 6-00 (0-57) 0.19 (-0.01, 0.38) 0-0808
6.17 (1.10) 6.75(1.86) 0.58 (-0.52, 1.68) 0.3884
866 (7-3) 87-9 (56) 1.3(-0.2, 2.8) 0-0438
Sleep Efficiency (Actigraphy)(%) 87.0(9.8) 90.6 (5.5) 3.6 (-2.2,9.4) 0.4227
Sleep Latency (Diary)(min) 35.16 (25.90) | 24.12 (16.20) | -11.01 (-19.43, -2.60) | 0-0013
20.95(18.52) | 12.48(7.72) | -8.47(-21.42,4.47)" | 0.0254
57.98 (20-39) | 65-97 (13-91) 8.59 (3.32, 13.87) 0-0419
Sleep Quality (Diary) 59.45 (16.35) | 66.62 (17.92) 7.17 (-3.14, 17.48) 0.5168
61-50 (17-74) 66-00 (15-98) 5.22 (1.57,8.87) 0-1909
Alertness (Diary) 47.39 (24.40) | 50.36 (23.95) 2.97 (-3.93,9.87) 0.1837
61-4 (36:5) 506 (34-4) -14.1 (-23.6, -4.5) 0-0525
Disturbed Sleep (Diary)(%) 41.0 (25.2) 49.1 (43.0) 8.1(-32.4, 48.7) 0.1119

Mean, standard deviation, mean difference and 95% CI are based on raw data and p-values are from statistical models.

+

SL>240 minutes were excluded.
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