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Abstract

Study Objectives: Sleep inertia, subjectively experienced as grogginess felt upon awakening, causes cognitive performance impairments that can require up to 1.5 hr
to dissipate. It is unknown, however, how chronic sleep restriction (CSR) influences the magnitude and duration of sleep inertia-related performance deficits.

Methods: Twenty-six healthy participants were enrolled in one of two in-laboratory sleep restriction protocols (one 32 day randomized control and one 38 day
protocol) that separated the influence of sleep and circadian effects on performance using different “day”-lengths (20 and 42.85 hr day-lengths, respectively). The
sleep opportunity per 24 hr day was the equivalent of 5.6 hr for each CSR condition and 8 hr for the Control condition. Participant’s performance and subjective
sleepiness were assessed within ~2 min after electroencephalogram-verified awakening and every 10 min thereafter for 70 min to evaluate performance and
subjective sleepiness during sleep inertia.

Results: Performance within 2 min of awakening was ~10% worse in CSR conditions compared with Control and remained impaired across the dissipation of
sleep inertia in the CSR conditions when compared with Control. These impairments in performance during sleep inertia occurred after only chronic exposure to
sleep restriction and were even worse after awakenings during the biological nighttime. Interestingly, despite differences in objective performance, there were no

significant differences between groups in subjective levels of sleepiness during sleep inertia.

Conclusions: CSR worsens sleep inertia, especially for awakenings during the biological night. These findings are important for individuals needing to perform tasks

quickly upon awakening, particularly those who obtain less than 6 hr of sleep on a nightly basis.

Clinical Trial: The study “Sleep Duration Required to Restore Performance During Chronic Sleep Restriction” was registered as a clinical trial (#NCT01581125) at
clinicaltrials.gov (https://clinicaltrials.gov/ct2/show/NCT01581125?term=NCT01581125.&rank=1).

Statement of Significance

The grogginess we experience upon awakening, or sleep inertia, results in substantial impairment in cognitive performance. Although this
impairment dissipates over time, it is unknown how chronic insufficient sleep influences sleep inertia. We investigated how chronic sleep
restriction, equivalent to that of ~5.6 hr of sleep opportunity per night, affects performance upon awakening compared with the equivalent
of ~8 hr of sleep opportunity per night. Cognitive performance in sleep-restricted individuals was worse within 2 min of awakening,
remained worse across the dissipation of sleep inertia, was worse during the biological night, and worsened as days of insufficient sleep
increased. These findings have implications for all individuals needing to perform tasks quickly after awakening, especially those who do
not regularly obtain sufficient sleep.
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Introduction

Millions of individuals routinely sleep less than 6 hr per night on
work days [1], an amount insufficient for optimal physiological
[2] and cognitive functioning. Chronically obtaining insufficient
sleep [3-5], the circadian time at which performance is assessed
[6], and sleep inertia [7, 8] all cause drastic cognitive performance
decrements. Although these performance decrements often
do not have severe immediate consequences, in some specific
situations this amount of insufficient sleep could have far-
reaching implications. For example, over 65% of medical
residents, who often need to respond rapidly after awakening,
report routinely sleeping less than 6 hr per night [9]. In resident
physicians working extended-shift schedules, performance
immediately upon awakening plays a role in reducing alertness
in on-call performance [10] and has been hypothesized to
contribute to increased levels of percutaneous injuries after a nap
[11]. In military personnel, abruptly waking from sleep greatly
impairs tactical planning [12] and in nonmedical professionals,
individuals often must perform tasks shortly after awakening
(e.g. driving to work or school, responding to an emergency) that
may put them at risk for accidents due to impaired alertness
and performance [13]. Additionally, as sleep restriction has been
shown to dissociate objective performance from subjective
feelings of alertness [3, 14, 15], a mismatch during sleep inertia
when cognitive performance is greatly impaired, as described
above, could have disastrous consequences. Although there
have been numerous reports of acute sleep deprivation (i.e. one
extended wake episode) leading to worsened performance during
sleep inertia [16-19], the effects of chronic sleep restriction (i.e.
multiple nights of insufficient sleep) on objective performance
and subjective sleepiness immediately upon awakening, which
may affect a larger proportion of people daily, is unknown.

We investigated the impact of acute and chronic sleep
restriction (CSR) with sleep inertia (i.e. subjective and objective
cognitive deficits experienced immediately after awakening) on
humanperformance andsubjective sleepinessusingtwoseparate
circadian-forced desynchrony protocols (Supplementary Figure
S1). In a forced desynchrony protocol, sleep and wakefulness
activities are evenly distributed relative to circadian timing by
using non-24 hr “days,” enabling performance to be examined
at different combinations of time awake and circadian phases
[20]. In the current study, the forced desynchrony protocol
allowed for examination of performance during sleep inertia
throughout CSR not only in the morning hours when day-
working individuals would normally awaken, but also during the
nighttime hours when shiftworkers or those needing to awaken
quickly from sleep to respond to an emergency may awaken.
We hypothesized that individuals experiencing CSR (i.e. a 1:3.3
sleep:wake ratio as opposed to a more traditional 1:2 sleep:wake
ratio) would have impaired performance immediately upon
awakening and across the dissipation of sleep inertia when
compared with a Control condition that underwent the same
protocol with the traditional sleep:wake ratio.

Methods
Participants

Twenty-six healthy participants (aged 26.5 + 4.4 years, 14 female)
partook in the study procedures; 17 (10 female) in the 20 hr

“day” and 9 (4 female) in the 42.85 hr “day” protocol. Participants
were deemed medically healthy based on self-report, physical
examination by a physician, laboratory testing of metabolic and
hematological levels, a clinical interview with a psychologist,
and overnight clinical sleep screening. Exclusion criteria
consisted of a body mass index <18 or >29.9, history of night-
shift work or transmeridian travel <3 months prior to study,
self-reported habitual sleep duration <7 or >9 hr averaged across
the week, pregnancy, and use of any prescription medication.
During the 3 weeks of at-home monitoring and throughout
the protocol, participants abstained from any drug or over-the-
counter medication use, caffeine, alcohol, nicotine, or other
foreign substances as verified via urine toxicology before and
at admission to the laboratory. All participants provided written
informed consent and all study procedures were approved by
the Partners Healthcare Institutional Review Board. All methods
were performed in accordance with HIPAA regulations and the
Declaration of Helsinki.

Experimental design

For at least 3 weeks prior to the inpatient protocol, participants
maintained an approximate 10 hr per night sleep schedule at
their self-reported habitual timing that was verified by wrist
actigraphy (Actiwatch-L Mini Mitter/Respironics), sleep logs,
and call-ins to a time-stamped voicemail recording system
immediately prior to going to bed and upon waking.

For the inpatient portion of the study, participants were
studied in a sound-attenuated, dimly-lit (<4 lux) suite free from
external time cues, and were not informed of the specifics of the
protocol (e.g. cycle-length, time, date, and condition). All events
were scheduled related to the participant’s habitual timing,
as determined from the 3 weeks of home monitoring. Upon
admission to the laboratory, participants were taught the Digit
Symbol Substitution Task (DSST), a task that measures working
memory and processing speed by requiring the participant to
match symbols with numbers on a keyboard [21], by a study
investigator and instructed to perform the DSST several times
with the study investigator to attenuate any learning effects
of the DSST. Participants were allowed to practice the DSST as
many times as needed. Participants were also instructed how to
complete the Karolinska Sleepiness Scale (KSS), a questionnaire
asking participants to identify on a 1 (most alert) to 9 (most
sleepy) scale how sleepy they feel in that instant [22].

Participants were first scheduled to 3 days of 12 hr overnight
sleep opportunities and 4 hr daytime nap opportunities to
diminish any potential residual sleep loss upon entering each
protocol. During wakefulness of these 3 days, participants
were given the DSST several times. The steepest portion of
the learning curve for this task was therefore expected to be
completed before the data reported here. These “Sleep Satiation”
days were followed by three Baseline nights of a 10 hr sleep
opportunity at habitual times. After the three Baseline nights,
participants were scheduled to sleep and wakefulness on non-
24 hr cycles (“forced desynchrony”).

During scheduled wakefulness, participants were allowed
to engage in sedentary activities (e.g. read, watch movies,
talk, or play board games with a researcher) and wakefulness
was verified by continuous monitoring by research staff and
continuous polysomnographic (PSG) recordings.
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At each scheduled awakening, the participant’s bed was
elevated to a semirecumbent posture; performance on the DSST
and subjective sleepiness from the KSS began within 2 min and
continued every 10 min thereafter for 1.5 hr. Only tests occurring
after awakening from PSG recorded sleep at scheduled awakening
were used for these analyses (Supplementary Table S1).

On the first day of the inpatient portion of the protocol,
participants in the 20 hr “day” protocol were randomized
(Parallel Assignment, separately for each sex) to condition by
the study investigator randomly selecting either Control or CSR
conditions blindly from a concealed envelope (Supplementary
Figure S2); for the 42.85 hr “day” protocol, all participants were
scheduled to a CSR condition [5]. Under 20 hr “day” Control
conditions, all behaviors and activities were scheduled to
be similar to the CSR conditions with the exception that
participants were provided the equivalent of 8 hr scheduled
sleep per 24 hr (twenty-four 20 hr cycles, 6.67 hr sleep:13.33 hr
wake, n = 8). Under CSR conditions, they were restricted to the
equivalent of only 5.6 hr scheduled sleep per 24 hr [CSR, .
(twenty-four 20 hr cycles, 4.67 hr sleep:15.33 hr wake, n = 9)
[15] and CSR,, (twelve 42.85 hr cycles, 10 hr sleep:32.85 hr
wake, n = 9)] (Supplementary Figure S1) [5]. Use of a Control
condition and these two protocols enabled quantification of
the influence of CSR on sleep inertia performance independent
of both other behaviors and of the length of the immediately
preceding sleep and wakefulness episodes (Supplementary
Table S2).

Statistical analysis

Nonorthogonal spectral analysis of hourly serum melatonin
from the forced desynchrony portion of each protocol was
used to estimate intrinsic circadian period and circadian phase
for each individual [20]. Circadian phase was not available for
two participants due to blood drawing complications: one in
each of the Control and CSR,_  conditions. Thus, these two
individuals were excluded from analyses related to circadian
day and night.

Baseline values during the three habitual baseline days before
the forced desynchrony condition and postsleep inertia values
during the forced desynchrony condition were calculated using
tests occurring 1.5-14 hr after awakening to account for differing
maximum wakefulness lengths between conditions. Thus, a
total of 6 tests per day were used in analysis for each condition.
Independent t-tests were used to determine differences in a
priori planned comparisons in performance immediately upon
awakening and postsleep inertia (>120 min after awakening). As
we did not have specific a priori hypotheses for differences at
each time point across the dissipation of sleep inertia, we did
not perform separate comparisons for each individual time
point. To compare performance and subjective sleepiness across
the dissipation of sleep inertia (10-70 min after awakening),
the number of correct responses during a 2 min DSST and
choice on the KSS was analyzed using mixed-effects models
with condition, time from awakening, and their interaction as
fixed factors and participant as a random factor to account for
interparticipant differences. SAS 9.4 PROC TTEST was used for
planned comparisons upon awakening and postsleep inertia
and statistical analyses for comparisons across the dissipation
of sleep inertia were performed using PROC MIXED (variance
components).
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Results

Sleep restriction and performance upon awakening
throughout the forced desynchrony protocol

When compared with Baseline levels, performance on the
first test (i.e. 2 min after awakening) averaged throughout
the forced desynchrony was lower by 6.8% (SD 6.4%) in the
Control condition, and by 18.5% (7.6%) and 16.4% (14.7%) in
the CSRy,, and CSR - conditions, respectively (Figure 1,
Supplementary Figure S3). The two CSR conditions did not
differ [t(23) = 0.42, p=0.68] and their data were combined. The
~10% of additional performance impairment upon awakening
in the CSRgo an Long combiney CONAitions when compared with
the Control condition was significantly lower [t(24) = -2.89,
p = 0.008]. Performance across the dissipation of sleep inertia
(10-70 min after awakening) was similar in both CSR conditions
(Fy 044 = 0.2, p = 0.66), and significantly impaired in the combined
CSR conditions compared with the Control condition (Figure 1,
F, 166, = 8.5, p = 0.0082) with no significant interaction effect for
condition by time from awakening (F, ., = 0.55, p = 0.80). On
average, individuals in the CSR conditions did not reach Baseline
levels of performance for approximately 70 min, which is ~7
times longer than the Control condition values that returned
to Baseline levels only ~10 min after awakening. Post-sleep-
inertia test levels were higher than Baseline levels, which was
expected from known learning effects using this metric [23], and
significantly higher (by 10 responses in 2 min) for Control than
for combined CSR conditions {Figure 1, [t(24) = —3.85, p = 0.0008]}.

Acute and chronic impact of sleep restriction

We next examined whether acute and chronic effects of sleep
restriction differed by comparing the conditions during the
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Figure 1. Performance after awakening under different sleep conditions
throughout the forced desynchrony protocol. Number of correct responses on
the Digit Symbol Substitution Task (DSST) under Control conditions (equivalent
of 8 hr scheduled sleep per 24 hr, open symbols) and under both chronic sleep
restriction (CSR) conditions (equivalent of 5.6 hr scheduled sleep per 24 hr, closed
symbols) are plotted as average (+ St. Err; error bars) deviation from Baseline for
each individual (solid horizontal line) on y-axis and by minutes since awakening
from sleep on x-axis. Data plotted below average Baseline performance levels
indicate performance impairment. Asterisks indicate a significant difference
using mixed model techniques and t-tests (p < 0.05) between the combined CSR
conditions and Controls. Data are from n = 26 participants.
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first and last week of each protocol. During the first week of
each protocol, there were no significant differences between
the CSRg . and Long combinegy @104 Control conditions in the test
immediately upon awakening [t(24) = -1.42, p = 0.17], across the
dissipation of sleep inertia (F,,, = 1.10, p = 0.29), or in postsleep
inertia testing [t(24) = -1.44, p = 0.16] (Figure 2A). During the
last week of each protocol, however, the test immediately upon
awakening was 15.9% lower in CSRg, . .ui ong combines) COTitION
compared with Control condition [t(24) = -2.74, p = 0.01],
performance across the dissipation of sleep inertia was worse
(F,,,, = 10.75, p = 0.001), and postsleep inertia tests were lower
[t(24) = -3.86, p = 0.0007] (Figure 2B). There were no significant
interaction effects of condition by time from awakening for tests
occurring either during the first (F,, , = 1.98, p = 0.06) or last week
(F, . =0.36,p=0.93).

7,764

7,771

Influence of circadian timing on performance upon
awakening

To determine the impact of circadian timing, we separated the
tests into those that occurred only during the circadian day (150
270 circadian degrees relative to fit melatonin maximum) or
circadian night (330-90 circadian degrees) [5]. When individuals
awoke during the circadian day (i.e. habitual times), there was
no difference between CSR and Control conditions immediately
upon awakening [t(22) = -1.37, p = 0.19], although values
postawakening were lower across the 1.5 hr of dissipation of
sleep inertia (F, ,, = 5.6, p = 0.02), and during postsleep inertia
testing [t(23) = -3.63, p = 0.001] in the CSRyg . .nd tong combined)
compared with Control condition (Figure 3A). Awakening during
the circadian night was associated with worse performance
immediately after awakening {~10%, [t(23) = -2.28, p = 0.03]},
across the dissipation of sleep inertia (F, ., = 7.82, p = 0.005),
and in postsleep inertia testing [t(23) = -3.57, p = 0.001] in
the CSRgort and Long combinegy CONition compared with Control
condition (Figure 3B). There were no significant interaction
effects of condition by time from awakening for tests occurring
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Sleep restriction and subjective sleepiness upon
awakening

There were no significant differences between the two CSR
conditions in subjective sleepiness (F, ,, = 043, p = 0.51)
throughout the forced desynchrony protocol and the two
conditions were again combined. Unlike the DSST performance,
there were no significant condition (F,,,; = 2.33, p = 0.13)
or condition by time from awakening interaction effects
(F, 5145 = 0.34, p = 0.93) for subjective sleepiness between the
CSR ghort and Long combineg CORition and the Control condition
throughout the forced desynchrony protocol (Figure 4). This
was also true during the first week (condition, F, . = 0.06,
p = 0.81; condition by time awake, F, . = 0.70, p = 0.67) and last
week (condition, F, . = 3.16, p = 0.08; condition by time awake,
F, 45 =0.12,p =0.99) of the protocol and for tests occurring during
the circadian day (condition, F, ., = 2.03, p = 0.16; condition by
= 0.44, p = 0.88) or circadian night (condition,

time awake, F, ..,

F e = 0.62, p = 0.43; condition by time awake, F, . = 0.36,
p=0.93).
Discussion

The chronic insufficient sleep often experienced by millions
of individuals, including health care, emergency, security, and
military professionals who may need to act at high levels of
performance rapidly upon awakening, can greatly negatively
affect that performance. Notably, the combined effects of sleep
inertia and chronic insufficient sleep display similar levels
of performance impairment to that of the neurobehavioral-
performance decrements induced by alcohol intoxication
[24]. strikingly, performance levels on average did not return
to baseline levels until ~70 min after awakening on this
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Figure 2. Performance after awakening under different sleep conditions in the (A) first and (B) last week of each forced desynchrony protocol. Number of correct
responses on the Digit Symbol Substitution Task (DSST) under Control conditions (equivalent of 8 hr scheduled sleep per 24 hr, open symbols) and under both chronic
sleep restriction (CSR) conditions (equivalent of 5.6 hr scheduled sleep per 24 hr, closed symbols) are plotted as average (+ St. Err; error bars) deviation from Baseline for
each individual (solid horizontal line) on y-axis and by minutes since awakening from sleep on x-axis. Data plotted below average Baseline performance levels indicate
performance impairment. Asterisks indicate a significant difference using mixed model techniques and t-tests (p < 0.05) between the combined CSR conditions and

Controls. Data are from n = 26 participants.
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Figure 3. Performance after awakening under different sleep conditions during (A) circadian day and (B) circadian night phases during each forced desynchrony
protocol. Number of correct responses on the Digit Symbol Substitution Task (DSST) under Control conditions (equivalent of 8 hr scheduled sleep per 24 hr, open
symbols) and under both chronic sleep restriction (CSR) conditions (equivalent of 5.6 hr scheduled sleep per 24 hr, closed symbols) are plotted as average (+ St. Err; error
bars) deviation from Baseline for each individual (solid horizontal line) on y-axis and by minutes since awakening from sleep on x-axis. Data plotted below average
Baseline performance levels indicate performance impairment. Asterisks indicate a significant difference using mixed model techniques and t-tests (p < 0.05) between

the combined CSR conditions and Controls. Data are from n = 24 participants.
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Figure 4. Subjective sleepiness after awakening under different sleep
conditions. Number selected on the Karolinska Sleepiness Scale (KSS) under
Control conditions (equivalent of 8 hr scheduled sleep per 24 hr, open symbols)
and under both chronic sleep restriction (CSR) conditions (equivalent of 5.6 hr
scheduled sleep per 24 hr, closed symbols) are plotted as average (+ St. Err;
error bars) deviation from Baseline for each individual (solid horizontal line) on
y-axis and by minutes since awakening from sleep on x-axis. Higher KSS scores
indicate higher subjective sleepiness; note the inverted axis. Data are from
n = 26 participants.

simple test under CSR conditions and the CSR conditions
did not subjectively feel sleepier than the Control condition,
signifying a dissociation between objective performance and
subjective recognition. These findings therefore potentially have
implications for the time shortly after awakening when many
individuals may be performing important duties (e.g. driving to
work or school) and they do not feel sleepy even though their
performance is impaired. If individuals do not feel sleepy, they
many not take appropriate countermeasures.

The use of two forced desynchrony protocols of differing
absolute cycle lengths, but the same sleep:wake ratios, allows

us to draw conclusions about the acute and chronic impact of
sleep restriction and sleep inertia on cognitive performance,
independent of absolute sleep duration. Since we found no
difference between the two CSR conditions in any point of
our analysis, we can conclude that it is the history of sleep
restriction, rather than immediate prior sleep or wake duration,
which causes performance decrements during sleep inertia.

Sleep inertia, assessed using reaction time, is worse
after awakening from a sleep episode following extended
wakefulness without chronic sleep restriction (i.e. in sleep
deprivation or acute sleep restriction conditions) [16-19]. We
have previously found that restricting sleep affects overall
cognitive performance both acutely and chronically [5, 15];
however, it was unknown how sleep inertia may be affected by a
chronic exposure to sleep restriction. The absence of differences
in the first week of each protocol was unexpected; however, our
amounts of acute sleep restriction may not have been drastic
enough, or our measure of performance may not be sensitive
enough, to see immediate differences. Previous reports of sleep
loss used <3 hr of scheduled sleep per 24 hr [16, 19], whereas the
current protocol used 5.6 hr of scheduled sleep per 24 hr day. Our
choice of CSR sleep duration may be more translatable to real-
world conditions, as many American’s report sleeping less than
6 hr on a nightly basis [1].

The results also suggest that individuals cannot “learn” to
live with less sleep over ~30 days; instead, cognitive performance
declines. This point may be of particular importance as we
found a disassociation between the objective performance of
our participants and how they rated their subjective sleepiness.
Although this has been shown previously for testing occurring
throughout the wake episode during sleep restriction [3, 14, 15],
our findings of this disassociation during sleep inertia highlight
that potential subjective misperception of performance level
can occur very early in the waking day and may have serious
implications for those who need to perform a task quickly upon
awakening and do not realize that they are impaired. Future
work is needed to examine how extended wake before the
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sleep episode (i.e. sleep deprivation) may interact with chronic
insufficient sleep to affect performance during sleep inertia; this
situation may occur in a person working an extended duration
work shift or pulling an “all-nighter” and needing to take a nap
prior to performing a task.

We also investigated how circadian timing interacts with
chronic sleep restriction in affecting sleep inertia, as may occur in
an individual working an overnight or early morning shift. It has
been well established that circadian timing plays an important
role in cognitive performance, and sleep inertia has been shown
to be worse during the circadian nighttime hours [21, 25-27].
We found that during CSR, tests immediately upon awakening
were not significantly different between conditions during the
circadian day, but performance across the dissipation of sleep
inertia and postsleep inertia testing was poorer. Tests occurring
during the circadian night, however, had even worse outcomes
in the combined CSR groups as compared to the Control group
upon awakening and across the dissipation of sleep inertia. This
is relevant for people who may be awoken from sleep at night to
work (e.g. medical professionals and safety personnel who are
allowed to sleep during night-work shifts). It is unclear why only
the test upon awakening was not different during the circadian
day, but one hypothesis may be that participants in the CSR
conditions awoke from a “deeper” sleep than Controls during this
time; this requires further investigation using spectral analysis
as the percent of time participants were awoken from slow-
wave sleep was not significantly different in the current study.
Performance during sleep inertia has been found to be more
impaired if individuals are awoken from slow-wave sleep [16, 17,
28], though this has been contested during simulated extended
nighttime work schedules [29]. As we did not see any statistical
difference between conditions in the percent of awakenings out
of slow wave sleep, future work will need to further tease apart
sleep and circadian dynamics to determine why only the test
upon awakening was not different.

Our current study did have several limitations. The age range
(20-34 years) of our participants was somewhat limited and
may restrict the generalizability of the findings. Performance
during sleep inertia is worse in older individuals [21] and later
chronotypes [30], with later chronotype being commonplace in
adolescent populations [31]; thus, we anticipate our findings
would extend to older and younger populations and shift-
working populations who often have sleep disturbances and are
at increased risk for poorer health [2]. Additionally, although we
analyzed the same number of tests in all conditions in postsleep
inertia testing, the use of different waking durations meant that
the Control and CSR,,, conditions had more tests after sleep
inertia testing ended than the CSR, . condition. This extra
testing may have allowed for added learning in those conditions
[23]; however, this was not observed between the CSR,  and
CSRy,,,. conditions at any point in the protocol suggesting that no
additional learning occurred due to extra testing. Furthermore,
our in-laboratory procedures may not depict how an individual
may cope with sleep inertia in real-world situations. For example,
caffeine is commonly used to promote alertness and can improve
performance during sleep inertia after a nap [32]. We did not
allow individuals any caffeine use for ~3 weeks prior to entering
the study or during study procedures; thus, it is unknown how
caffeine or other alerting factors known to improve sleep inertia
[33] may interact with chronic insufficient sleep. We also studied
participants in dimly-lit environment (<4 lux), which may have
allowed for greater impairments in performance to manifest

than would be observed in real-world settings where bright light
use is common [34] and has an alerting effect [35, 36]. Future
work should examine how chronic short sleep may interact with
these potential countermeasures in different populations.

In summary, our findings highlight that chronic short
sleep of durations that are common in modern society can
greatly magnify performance impairments immediately upon
awakening and across the dissipation of sleep inertia. These
findings may have relevance for all individuals obtaining short
sleep schedules including medical professionals that make
clinically important decisions or perform procedures after
sleeping on-call, parents that must wake suddenly to attend
to a screaming child, security or military personnel that might
need to respond to a threat that awakens them, or high school
students that drive to school in a rush within an hour after
awakening.

Supplementary Material

Supplementary material is available at SLEEP online.
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