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ABSTRACT
Objective: To assess the effects of one week of sleep extension on mood, fatigue and subjective
sleepiness in normal-sleeping young adults. Methods: Twenty-seven adults (age 24.4±5.4 years, 11
female) participated. At-home baseline sleep/wake patterns were recorded with wrist actigraphy for
14 days. This was followed by two nights of in-lab baseline sleep with 8 hours time in bed (TIB),
then 7 nights with TIB extended to 10 hours (2100-0700 hours). Fatigue, mood, and sleepiness
were assessed following the 2nd and 9th nights of in-laboratory sleep (i.e., 2 nights with 8hTIB and
7 nights with 10 hours TIB, respectively) using the Automated Neuropsychological Assessment
Metric and Karolinska Sleepiness Scale. Paired t-tests were used to compare mood, fatigue, and
sleepiness ratings between conditions. Results: At-home wrist actigraphy revealed a mean nightly
total sleep time (TST) of 7.53 +/- 0.88 hours of sleep per night. Mean in-lab baseline sleep
duration (7.76 +/- 0.59) did not differ from at-home sleep. However, during sleep extension, mean
TST was 9.36 +/- 0.37 hours per night, significantly more than during the in-lab baseline (p <
.001). Following sleep extension, fatigue ratings were significantly reduced, relative to baseline (p
= .03). However, sleep extension had no other significant effects on subjective ratings of mood or
sleepiness. Conclusions: Sleep extension resulted in reduced fatigue in healthy, normal-sleeping
young adults, although subjective sleepiness and mood were not improved. Implications include
the possibility that (a) the effects of sleep extension on various aspects of mood depend upon the
extent to which those aspects of mood are made salient by the study design and methodology; and
(b) sleep extension may prove beneficial to fatigue-related conditions such as “burnout.”
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INTRODUCTION
The relationship between nighttime sleep and daytime
functioning is straightforward. The less sleep that is obtained at
night, the greater the next-day decrements in alertness and performance, and the greater the amount of subsequent ‘recovery
sleep’ needed to restore alertness and performance to normal,
baseline levels. However, the ratio of “sleep lost” to “sleep recovered” is not 1:1. If an individual who averages 8 hours of
sleep per night is totally deprived of sleep for one night, he/she
will not subsequently require 16 hours of sleep to achieve full
recovery - a phenomenon that suggests that either (a) recovery
sleep is more efficient (has greater minute-by-minute recuperative value) than typical nighttime sleep, and/or (b) the rate at
which sleep-furnished resources are utilized during wakefulness
is reduced by prior sleep loss1.
Although such recovery sleep following sleep loss is
characterized by supra-normal sleep duration, for the purposes
of the present paper, it is considered conceptually distinct from
‘sleep extension,’ with the primary difference being that it is
sleep extension that occurs in response to prior sleep loss. In contrast, ‘sleep extension’ is the volitional lengthening of nighttime
sleep duration in the absence of greater-than-normal homeostatic sleep pressure. Of course, this distinction may be more
quantitative than qualitative, with these phenomena representing two points on a single continuum that differ only in terms
of the level of homeostatic sleep pressure. In other words, although sleep extension occurs in the absence of greater-thannormal homeostatic sleep pressure, that level of sleep pressure
cannot be zero. Indeed, because volitional control of sleep onset and maintenance is limited, sleep would not even be initiated, much less extended, if the homeostatic pressure to sleep
was at or near zero.
Thus, recovery sleep is conceptualized as a post-sleep
loss, non-volitional process (involving both increased sleep duration and possibly an increased rate of recuperation during sleep)
by which alertness and performance are restored to the normal,
albeit possibly submaximal, level. In contrast, sleep extension
is conceptualized as a process by which volitional extension of
sleep duration produces a level of recuperation that is greater
than that habitually obtained, and that is closer to maximal.
To date, the scientific literature on sleep extension, as
presently defined and conceptualized here, is fairly limited. In
part, this is because much of the early work on sleep extension
failed to reveal any measurable (much less beneficial) effects.
Indeed, in those early studies, the effects of increasing nighttime
sleep duration beyond normal were found to be so paltry that it
was hypothesized that there exists a ‘sleep duration threshold’,
beyond which sleep fails to have any recuperative value2,3.
Likewise, beneficial effects of sleep extension have recently been reported in studies with more naturalistic study
designs. For example, in one study it was found that extending sleep from ~7 hours to ~9 hours for one week resulted in
improved performance in college tennis players - i.e., improved
accuracy when serving (although the lack of ‘non-sleep extension control’ condition requires that this finding be viewed with

some skepticism). Prior research suggests beneficial effects of
sleep on mood. In one study in which normal sleepers took a
20-minute mid-day nap, participants reported that the nap had
generally positive effects on their mood relative to 20 minutes
of non-sleep rest4. In another, similar, study it was found that
individuals who napped for 30 minutes had improved mood
compared to individuals who merely had a 30-minute cognitive
break5. These findings suggest that sleep generally has salutary
effects on mood, but other findings suggest that the relationship
between sleep and mood is somewhat complex. Paradoxically,
in certain populations (e.g., a subset of individuals with affective
disorders) sleep loss reduces mood. Furthermore, although several studies note a positive change in mood following recovery
from sleep deprivation6,7, many have failed to find an effect8-10.
Fatigue, a subjective state akin to “weariness”, is of
particular interest in the present study. Fatigue, which is itself
considered an aspect of mood11, is a complex cognitive process
that is thought to result from cognitive overuse or overburden12.
Spending a long period of time doing the same activity can create a state of subjective fatigue that is characterized by an increasing disinclination to continue the activity. Additionally, fatigue is exacerbated by sleep loss: sleep-deprived and restricted
individuals report higher levels of fatigue in addition to higher
levels of sleepiness13-15. Recovery sleep after sleep restriction
minimizes such fatigue16. Sleep extension may therefore effectively reduce subjective fatigue.
Consistent with what is discussed above, an early study
did show beneficial effects of sleep extension on fatigue but
not other aspects of mood17. In that study, participants slept
ad-libitum until their objective sleepiness (measured via Multiple Sleep Latency Test18) was low. It was found that fatigue
decreased and vigor increased as a result of sleep extension,
but no other aspects of mood were affected. Interestingly, the
authors of the study did not report on subjective sleepiness in
the context of sleep extension. It is not clear whether sleep extension would benefit both fatigue and subjective sleepiness in
healthy normal-sleeping individuals. In the current study, we
sought to assess the impact of brief period of sleep extension
(7 days) on mood, fatigue and subjective sleepiness in a healthy,
normal-sleeping population.

METHODS
This study was approved by the Walter Reed Army Institute of Research Human Use Review Committee and the
United States Army Medical Research and Materiel Command
Human Subjects Research Review Board and was performed in
accordance with the ethical standards of the 1964 Declaration
of Helsinki.
Participant Inclusion/Exclusion Criteria
Men and women 18 to 39 years of age were recruited
via flyers posted at local colleges, universities, and military installations. After providing informed consent, volunteers completed questionnaires to determine eligibility based on physical and psychological health, and sleep habits. Volunteers then
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underwent a physical examination, and an evaluation of blood
and urine samples was conducted to determine general health
status (including pregnancy and drug use status). Lastly, participants completed an in-lab screening night to rule out sleep disorders. During the screening night, participants slept overnight
(minimum 8 hours TIB: 2300-0700) while wearing the level 3
equipment, including a nasal cannula, a pulse oximetry probe
worn on the index finger, a thorax and abdomen effort belt, and
a snore and position monitor. Individuals with an apnea-hypopnea index greater than 5 were excluded from study participation.
Volunteers were excluded if they reported any of the
following for the preceding month: (1) habitual nightly sleep
amounts outside the range of 6-9 h on weeknights, (2) average
morning wake-up times later than 09:00 Monday through Friday,
(3) average nighttime lights-out times earlier than 09:00 Sunday
through Thursday (to exclude those with extreme “social jetlag”19), or (4) average habitual napping of greater than 3 times a
week. Additional study exclusionary criteria included: cardiovascular disease; hypertension; past or present neurologic, or sleep
disorder; psychiatric disorder within the last three years, present
or past use of over-the-counter substances with purported psychoactive properties; use of sleep-aids within the last 2 years;
regular nicotine use within the last year; current heavy alcohol
use (> 14 drinks per week); current use of other drugs (including but not limited to benzodiazepines, amphetamines, cocaine,
and marijuana); medication use during in-laboratory challenge
phases (including use of vitamins or supplements; not including
oral contraceptives); liver and kidney disease or abnormalities;
underlying pulmonary disease requiring daily inhaler use; clinically significant values for any screening hematology or chemistry parameter, BMI ≥ 30; self-reported history of caffeine use
> 400 mg (8 caffeinated sodas or 3-4 cups of coffee) per day on
average; score ≥ 14 on the Beck Depression Inventory20; score
≥41 on the Speilberger State-Trait Anxiety Inventory21, extreme
scores < 31 (“definite evening”) or > 61 (“definite morning”) on
the Horne-Ostberg morningness-eveningness questionnaire22,
or current breast feeding or pregnancy. Additionally, subjects
who screened positive for nicotine, alcohol or illicit drugs at the
screening visit were excluded from participation. Subjects who
were unable to read and sign the informed consent document
were excluded as well.

Figure 1. Study design.
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Experimental Design
Figure 1 depicts the experimental design. This study
was part of a larger experiment aimed at testing the impact of
sleep extension and subsequent sleep deprivation on inflammatory markers23. The study consisted of 1 at-home baseline phase
with wrist actigraphy followed by 3 consecutive in-laboratory
within-subject phases. During the first phase, subjects wore
wrist actigraphs continuously and were instructed to maintain
their typical sleep/wake schedules. During the second phase,
participants were provided a baseline sleep opportunity (2300
to 0700, 8 hours time in bed [TIB]). Subsequently, participants
underwent 7 nights of sleep extension (2100 to 0700, 10 hours
TIB) followed by 1 night of total sleep deprivation (36 hours of
continuous wakefulness) and a 10-hour recovery sleep period.
Participants were allowed to leave the lab and continue typical
day-to-day activities during the sleep extension phase but were
asked to refrain from strenuous physical activity while in the lab.
Actigraphy monitoring continued throughout the duration of
the study. Only data from the at-home, baseline, and extension
phases are presented here.
Cognitive/Sleep Measures
Automated Neuropsychological Assessment Metric
The Automated Neuropsychological Assessment Metric
Version 4 (ANAM) is a computerized test battery that includes a
variety of state and trait neurocognitive measures, including but
not limited to, attention, learning, problem solving, subjective
sleepiness and mood24. Within the ANAM, 42 mood items were
presented to participants with the message “How much does
this word describe how you feel?” Participants chose a number
between 0 (not at all) and 6 (very much). Mood items fell into
one of 7 constructs (Anger, Anxiety, Depression, Cognitive/
Mental Fatigue, Happiness, Restlessness, Vigor), with 6 items
in each category. The Cronbach’s alpha ranges from .80 to .93
depending on the construct (from restlessness to depression,
respectively). Test-retest reliability ranged from .75 to .93 (from
restlessness to depression, respectively). Lastly, the battery is
valid and correlated strongly with several other relevant scales
(r-values ranging from .59-.70). There are no cut-off values in
this scale. The ANAM was administered every 4 hours (at 1100,
1500, and 1900) during the last day of each phase.
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Karolinska Sleepiness Scale
The Karolinska Sleepiness Scale (KSS) is a validated
9-point scale (1=extremely alert, 3 = alert, 5 = neither alert
nor sleepy, 7=sleepy - but no difficulty remaining awake, and
9=extremely sleepy - fighting sleep) used for assessment of
subjective sleepiness25. A computerized version of the KSS was
administered and ratings from the three daily time points were
averaged. This scale was administered every 4 hours (at 1100,
1500, and 1900) during the last day of each phase.
Actigraphy
For the entire duration of the study, participants wore an
Actiwatch 2 (Philips Respironics, Murrysville, PA) wrist actigraph on
their non-dominant wrist Sleep-wake status for each 30-second epoch was computed using the Actiware 6.0.9 scoring algorithm. These
actigraphs have been shown to be a valid, reliable method of measuring sleep duration (statistically similar to polysomnography26).
Statistical Analyses
SPSS 23 (Armonk, NY) was used for statistical analyses. Descriptive statistics (mean ± standard deviation) were used to quantify demographic measures. To compare sleep parameters (e.g., total
sleep time) between conditions (baseline and extension), pairedsample t-tests were used. Paired t-tests were also used to compare
mood ratings between conditions. The three daily mood values were
averaged to create one mood value for each day. P-values less than
.05 were considered statistically significant.
RESULTS
Twenty-seven adults (average age 24.37 ± 5.41 years;
40.1% [11/27] female) participated. Of the 27 participants, 11
(40.1%) were White/Caucasian, 6 (22.2%) were Asian, 5 (18.5%)
were Black/African American, and 5 (18.5%) were more than
one racial/ethnic category. Five (18.5%) of those participants
were Latino/Hispanic. Given that this study was testing the
“pure” effects of sleep extension on mood and fatigue, we recruited participants free of mood disturbances. Demographics
are presented in Table 1. Participants had relatively low Body
Mass Index (BMI), anxiety (via the State-Trait Anxiety Inventory21), and depression levels (via Beck’s Depression Inventory20).
Lastly, participants, by design, were “intermediate” chronotypes
on the Morningness-Eveningness Questionnaire22. Therefore,
any detected effects of sleep extension were not due to extreme
“morning” or “evening” chronotypes.
Table 1. Participant demographics.
Metric

Mean

SD

Age

24.41

5.29

BMI

24.59

3.12

MEQ

53.93

6.96

BDI

1.04

1.28

STAI

26.59

5.36

BMI: Body mass index; MEQ: Morning-eveningness questionnaire; BDI: Beck’s
depression Inventory; STAI: State-Trait Anxiety Inventory. SD = standard deviation
of the mean.

Sleep Parameters
Mean sleep duration during the at-home, baseline, and sleep
extension phases are depicted in Figure 2. In the 14 days at-home
phase, participants averaged 452.32 ± 53.11 minutes (7.53 hours) of
sleep per night, consistent with a “healthy” sleep duration (according
to the joint task force of the American Academy of Sleep Medicine
and the Sleep Research Society27). During the in-lab baseline nights,
participants slept 465.92 ± 35.59 minutes (7.75 hours), which was
not significantly different from the at-home phase (p = .10). During
the sleep extension phase, however, participants slept an average of
561.67 ± 33.87 minutes (9.36 hours) per night, significantly more
than during the at-home phase (p < .001).
Sleepiness
Despite a significant increase in sleep time, there was not
a significant decrease in subjective sleepiness, as measured with
the KSS (baseline average 3.86 ± 1.28; extension average 3.48
± 1.72; t(25) = 1.38; p = .18), likely because normally-sleeping,
healthy individuals were recruited.
Impact of sleep on mood
As shown in Table 2, counter to predictions, there was
no detectable effect of sleep extension on mood ratings (vigor:
(t(26) = 1.74, p = .09; restlessness: t(26) = .24, p = .81; depression: (t(26) = -.18, p = .86; anger: t(26) = -.49; p = .63; anxiety:
t(26) = .97, p = .34; happiness: (t(26) = 1.50, p = .15).

Figure 2. Total sleep time during the pre-study, baseline, and sleep extension phases.

Table 2. Mood ratings during the baseline and extension study phases.
Construct

Baseline

Extension

Mean

SD

Mean

SD

Vigor

3.12

1.21

2.87

1.24

Restlessness

0.69

0.82

0.67

0.82

Depression

0.24

0.52

0.26

0.68

Anger

0.25

0.49

0.23

0.51

Fatigue*

1.61

1.28

1.28

1.07

Anxiety

0.37

0.56

0.29

0.41

Happiness

4.2

1.06

3.93

1.21

Sleepiness

3.86

1.28

3.48

1.38

SD = standard deviation of the mean. * indicates a statistically significant difference
between the two study phases.
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However, sleep extension significantly reduced fatigue,
relative to baseline (t(26) = 2.36, p = .03). Notably, fatigue was
decreased despite a lack of change in subjective sleepiness, underscoring the differentiation of these constructs.

DISCUSSION
In the current study, in a sample of healthy, normallysleeping young adults, sleep extension significantly improved fatigue below baseline levels. Interestingly, fatigue was reduced in
the absence of an improvement in subjective sleepiness/alertness. Our study also demonstrated that one week of sleep extension had no detectable effect on self-reported mood. These
results indicate sleep extension is a viable tool for lowering fatigue in this population, yet potentially not an effective tool for
improving mood.
As discussed, previous studies have shown that sleep extension can improve cognitive and physical performance, as well
as physiological markers of health beyond baseline levels. For
example, one study showed that 7 days of sleep extension improved psychomotor vigilance test (PVT) performance (a proxy
of attention and alertness) beyond normal levels28. Also, previous work has shown improvements in athletic performance
following sleep extension29. Finally, additional evidence suggests
sleep extension can improve metabolic processes such as those
that determine insulin sensitivity30. Extending this literature,
we have shown fatigue was significantly reduced following a
brief bout (merely 7 days) of sleep extension, in the absence of
changes in sleepiness or mood.
Our findings are consistent with another study that
also assessed mood and fatigue in the context of sleep extension17. As mentioned, in the previous study, participants slept
ad-libitum until their objective sleepiness was low. Potentially
as a result of that sleep extension, fatigue decreased and vigor
increased. In the current study, participants extended their sleep
for just 7 days, and a significant reduction in fatigue was observed. Therefore, a brief period of sleep extension, which is
more ecologically valid and feasible the previous approach, effectively reduces fatigue.
Differentiating fatigue and mood
Contrary to predictions, we did not find a detectable
change in subjective mood scores (despite reductions in selfreported fatigue) following sleep extension. However, the observation that sleep extension impacted fatigue and not mood
is perhaps not surprising considering fatigue is often considered
separate from other facets of mood. In fact, when using the
ANAM mood scale and the Profile of Moods Scale (POMS),
which also contains both mood and fatigue items, researchers
often separate fatigue from other items for analyses. Nevertheless, fatigue has been considered a negative mood because
it is highly inter-correlated with depression, confusion, and anger31,32. The current results suggest - at least in the context of
sleep extension - fatigue is a construct that is distinguished from
the other mood items in these batteries.
Sleep Sci. 2019;Ahead of Print

It is also important to note that there are other plausible explanations for why we may not have detected changes
in mood. First, it is possible that these mood constructs were
simply not impacted by sleep extension because they were at
“ceiling” prior to sleep manipulation. Alternatively, the effect of
sleep extension on mood may have simply been too small to be
detected by this tool. Further, changes in mood may not have
been detectable by participants themselves. Previous work has
shown that individuals are aware of changes in brain state when
those changes are large but not when they are gradual33. For instance, when participants went from normal sleep to total sleep
deprivation, there was a large change in subjective mood. However, when participants lost only one hour of sleep per night
over the course of several nights (totaling the same amount of
sleep deprivation overall), reports of well-being remained relatively stable over time, potentially because the brain was able to
adapt to the small state changes. Therefore, given the gradual
accumulation of extra sleep in the current protocol, it is possible that participants could not subjectively detect or articulate
changes in mood.

Differentiating fatigue and sleepiness
The reduction of subjective fatigue in this sample is particularly interesting considering that subjective sleepiness levels
were unchanged following sleep extension. This dissociation of
results highlights the separateness of these complex constructs.
Sleepiness is typically considered a phenomenon directly related
to the sleep/wake cycle. Johns defined sleepiness as a physiological state that combines several wake- or sleep-promoting
components: circadian rhythmicity, homeostatic drive, environmental, and behavioral factors34. Fatigue, on the other hand,
which is seemingly more difficult to describe, has been defined
as “weariness” related to a lack of motivation, weakness or depleted energy35, or, alternatively, a failure to initiate or sustain
tasks requiring motivation36.
Several investigations have found poor sleep influences
fatigue independent of sleepiness. For instance, a previous study
found individuals with insomnia had abnormally high levels of
fatigue in the absence of sleepiness37. Similarly, Chervin and colleagues found individuals with untreated obstructive sleep apnea were more likely to report fatigue than sleepiness38. Lastly,
individuals with a history of traumatic brain injury (TBI), who
have characteristic sleep alterations39, experience higher levels
of fatigue than uninjured controls, but not higher levels of
sleepiness36. These results indicate fatigue is increased by poor
sleep quality, even when sleepiness remains relatively unaffected.
Adding to these findings, in our study, we found sleep extension
differentially impacted fatigue and sleepiness.
Additionally, cross-sectional studies have shown that
longer sleep is associated with feelings of fatigue and lethargy40,
leading some to speculate that long sleep might cause these
negative consequences41. Although our findings do not provide
information on whether there is a positive or negative impact of
“chronic” (i.e., long-term) extended sleep, they do support the
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idea that longer-than-usual sleep affords benefits, rather than
leading to negative consequences. Taken together, our findings
indicate that some of the previously observed associations between longer sleep and fatigue may not be due to increased sleep
length, but rather caused by another factor that influences both
long sleep time and fatigue (e.g., inflammation, depression)42.

Neural underpinnings of fatigue and sleep extension
Fatigue is a physiologically complex, multifaceted symptom. Nevertheless, several attempts have been made to quantify the neural signature of subjective fatigue in healthy, young
adults. For instance, one investigation found subjective fatigue
was related to decreased oxygenated hemoglobin concentration
in the frontal cortex and superior temporal cortex43. Similarly,
in a study in which fatigue was induced by a continuous performance task, there were detectable alterations in cerebral blood
flow in the frontal lobe when fatigue was present44. Taking these
results together, it seems subjective fatigue is related to alterations in frontal lobe functioning. Therefore, for sleep extension
to be effective in decreasing fatigue (i.e., reversing these effects),
sleep extension would need to improve frontal lobe functioning. Indeed, a recent study demonstrated that sleep extension
increases frontal lobe activation and connectivity with other
critical regions45, suggesting increased frontal lobe activity may
be the underlying mechanism behind the reduction of fatigue
observed in our study.
Strengths and weaknesses
There are several strengths of this study that should be
noted. The young adult participants in this study were, by design, exceptionally healthy. Individuals with co-morbidities and
sleep disorders were ineligible for participation. Furthermore,
critically, individuals with high levels of anxiety and depressive
symptoms were not included, allowing us to isolate mood and
fatigue in absence of these confounding factors. The observed
effects of sleep extension on fatigue therefore cannot be attributed to any of the aforementioned disorders. This point is critical, as fatigue has been previously associated with depression46,
co-morbidities (e.g., diabetes)47, and obstructive sleep apnea48,
among many other disorders.
This study is also strengthened by the fact that it was
relatively ecologically valid. Although participants slept in the
lab during the baseline and sleep extension phases of the study,
they were not required to remain in the lab during the daytime.
During the study, participants continued with their typical dayto-day activities while also extending their sleep. This demonstrates (1) sleep extension is a feasible addition to one’s typical
routine, and (2) fatigue can be reduced by sleep extension in a
real-world setting even when typical daily stressors (e.g., work
and social stressors) are present.
Our study has a number of limitations that should be
addressed as well. First, there was no control group and therefore it is not possible to rule out the possibility that any of the
observed (and unobserved) changes are due to other factors.
However, the within-subject design used here allowed us to

compare participants with themselves, minimizing the chances
of an extraneous factor causing these results.
Additionally, as mentioned, this study comprised a sample of healthy, young adults. Although we feel this is one of the
strengths of the study, it is also potentially a weakness, as this
sample may not be generalizable to older or younger populations. There are known differences in emotional processing in
older adults49, and younger populations, such as adolescents50.
Therefore, sleep extension may differentially impact those populations. Future work should aim to assess sleep extension as a
tool for fatigue, sleepiness, or mood improvement in different
clinical populations as well as in the general population. Future
work should also account for potential confounders, such as occupation, and dietary patterns.

Conclusions
In summary, the present results show that sleep extension significantly lowers subjective fatigue levels but does not
significantly improve other aspects of mood or alertness levels in healthy, non-sleepy young adults. Sleep extension could
therefore be used as an adjunctive treatment for individuals experiencing a variety of problems such as high levels of stress
and burn out. Future work should aim to assess whether sleep
extension is a viable tool in clinical populations (e.g., those with
Chronic Fatigue Syndrome).
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