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Abstract
The United States Healthy People 2020 report has
outlined objectives to increase the percentage of
adults who receive sufficient sleep from the 2008
baseline level of 69.6% to 70.9% by 2020. The
purpose of this review was to provide public health
professionals with an overview of sleep science, the
impact of sleep restriction on physical and mental
health, and behavioral strategies for improving
sleep.Inclusion criteria for this review were (1)
literature published in the English language; (2)
between 1999 and 2013; (3) that focused on (a) sleep
science, (b) sleep health, (c) and behavioral
determinants of sleep. A total of 118 studies met the
final tally of reviewed materials. Evidence suggests
sleeping 7 to 8 hours is a critical element of optimum
health. Despite this, sleep deprivation is commonplace
in society. Epidemiological research has uncovered
the adverse health ramifications of this trend,
associating both insufficient and excessive sleep
duration with increased rates of morbidity and mortality.
Primary prevention interventions are needed to
address the current sleep epidemic. Sleep hygiene
and alertness management strategies can be
incorporated intopublic health interventions to improve
sleep outcomes and reduce physiological and
psychological risks associated with sleep restriction.

Introduction
Adequate sleep is a critical component for health and
well-being(1). Despite this, sleep deprivation is
commonplace in society(2). Epidemiological research
has uncovered the adverse health ramifications of this
trend, associating both insufficient and excessive
sleep duration with increased rates of morbidity and
mortality(3). The Healthy People 2020 report has
called for an increase in the percentage of adults who
receive sufficient sleep from the 2008 baseline level of
69.6% to 70.9% by 2020 (4). The inclusion of sleep
health in the United States Healthy People 2020
objectives emphasizes a need for focused attention on
sleep health from a public health perspective.

health, sleep has received minimal attention in the
primary prevention, public health literature(5). A
search by Ferrie et al.(6)of the epidemiological
literature, identified approximately 10,000 papers on
sleep in contrast to over 60,000 on obesity and more
than on 50,000 smoking. Mounting evidence
associatinginsufficient sleep with multiple deleterious
health outcomes, including obesity, has begun to
increase interest in sleep among researchers from a
variety of fields(7). To the best of the authors’
knowledge, there exists no comprehensive, narrative
review of sleep for public health researchers and
practitioners. Therefore, the purpose of this
topicalreview was to provide public health
professionals with anoverview of the recent literature
about sleep. The specific aims of this review were to
provide a topical review of (1) sleep science; (2) the
impact of sleep restriction on physical and mental
health; and (3) behavioral determinants of sleep
relevant to the design of primary prevention public
health interventions.

Methods
Inclusion criteria for this review were: (1) literature
published in the English language; (2) between 1999
and 2013; (3) that focused on (a) sleep science, (b)
sleep health, (c) and behavioral determinants of
sleep. Database searches were conducted using
EBSCOhost databases and delimited to Cumulative
Index to Nursing and Allied Health Literature
(CINHAL), Education Resources Information Center
(ERIC), and Medline. Gray literature, including books
and government reports, were also permitted in the
search. Three phases of review were conducted to
arrive at the final pool of sources. Phase I applied
Boolean search terms of “Sleep AND Science AND
Health AND behavior” to extricate the first round of
articles (n = 155) from the CINHAL (n = 19), ERIC (n =
10), and Medline (n = 126) databases. Phase II
encompassed preliminary distillation of the articles by
removing duplicates (n = 3) and articles which were
clearly outside the specific aims of this narrative
review (n = 25). During phase III, the refined list of
articles (n = 127) was reviewed by two independent
researchers. Results found nine sources were outside
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the scope of this review. Consequently, these articles
were not considered for this review. Finally, a
descendent search of all references cited from
remaining phase III sources was conducted to uncover
any literature that did not populate during the initial
search process. No additional studies were identified
through this process. Subsequently, 118total studies
met the final tally of reviewed materials.

researchers widely accepted the manual for nearly 40
years (15). However, advances in the field called for
the full-scale revision of the scoring guidebook(16). In
the early 2000s, The American Academy of Sleep
Medicine (AASM) commissioned the development of
the updated manual, which resulted in the publication
of TheAASM Manual for the Scoring of Sleep and
Associated Events: Rules, Terminology, and Technical
Specifications(18).

Results

The first sleep disorder clinic was established at
Stanford University School of Medicine in the 1970s
(19). The clinic initially set out to study narcolepsy
patients, but later grew to investigate an array of sleep
disorders. By 2009, over 1,500 sleep centers and
laboratories were accredited by the AASM (15). In
conducting sleep research, researchers used
polysomnography (PSG) to simultaneously monitor
and record the three physiologic variables that
compose the primary stages of sleep and wakefulness
(20). The diagnostic tools incorporated in PSG include
the electroencephalogram (EEG) to record brain
activity, the electromyogram (EMG) to record muscle
tone, and the electro-oculogram (EOG) to record eye
movements(20).

History of sleep science.The first milestone in sleep
science occurred in 1875 when Richard Caton, an
English physician, detected electrical currents
originating from the brains of animal subjects(8). In
1929, German psychiatrist Hans Berger succeeded in
becoming the first to record electrical activity of the
human brain(9). Berger was credited with the
discovery of electroencephalography (EEG), a
non-invasive technique for quantitatively measuring
electrical cerebral activity (10). Berger conducted the
first sleep EEG recording and observed that alpha
rhythms disappeared once study participants fell
asleep (11). Berger’s breakthrough experiment
provided an operational definition of sleep onset,
establishing a fundamental paradigm for investigating
sleep and sleep disorders (11).
In the mid-1930s, Loomis and colleagues recorded the
first continuous overnight EEG, which led to the
development of the sleep stage classification
system(12). Aserinsky and Kleitmanrefined the
classification in the 1950s with the discovery of
rapid-eye movement sleep (REM)(13). Verification of
muscle atonia during REM sleep by Jouvet, Michel,
and Courjon established the modern taxonomy of
human sleep stages (11, 14). Jouvet and colleagues
further advanced the field by postulating that REM
sleep was a third state of consciousness,
characterized as an active brain within an inactive
body (11, 14).

Sleep physiology. Sleep architecture.Sleep is
comprised of two distinct states spanning five stages
of activity (21). Collectively, this construction is
referred to as sleep architecture. The first state,
NON-REM, is classified into four stages corresponding
to EEG readings along a continuum of relative sleep
depth (21). The second sleep state, REM, is
characterized by episodic bursts of rapid eye
movement and muscle atonia(22). NON-REM and
REM sleep occur in alternating cycles lasting 90 to
120 minutes (11). A total of four to seven cycles
transpire over the course of a complete sleep episode
(20). The first sleep cycle consists of approximately 80
minutes of NON-REM and culminates with 10 minutes
of REM(20). With each successive sleep cycle the
amount of NON-REM decreases as the proportion of
REM increases (11).

As the field progressed, concerns regarding the
reproducibility and inter-rater reliability of sleep scoring
began to emerge (15). In response, the Association for
the Psychophysiological Study of Sleep chartered an
ad hoc committee of sleep scientists in 1967 with
advancing a standardized methodology for recording
and scoring sleep stages (16). The effort led to the
publication of TheManual of Standardized Terminology,
Techniques and Scoring System for Sleep Stages of
Human Subjects in 1968 (17). Subsequent to this
seminal work, sleep scientists were able to
corroborate and compare research results. Sleep

NON-REM stage one sleep plays a pivotal role in the
initial wake-to-sleep transition, generally lasting 1 to 7
minutes (22). This stage, referred to as light sleep, is
associated with a low arousal threshold (20).
Duringlight sleep, the EEG waves are predominantly
beta waves (14-40 cycles per second). Stage two
persists approximately 10 to 25 minutes during the
initial sleep cycle, and increases in length with each
consecutive cycle, eventually comprising 45% to 55%
of total sleep duration (11). During this stage, the EEG
waves are predominantly alpha waves (8-13 cycles
per second). Stage three has a brief interval and
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consists ofonly 5% to 8% of total sleep(20). In this
stage, EEG records theta waves (4-7 cycles per
second). The final NON-REM phase, stage four,
continues approximately 20 to 40 minutes during the
initial sleep cycle, constituting 10% to 15% of total
sleep (20). Typically, stages three and four are
merged together and collectively referred to as
slow-wave sleep(22). In stage four EEG records theta
waves (4-7 cycles per second) and delta waves (near
1 cycle per second). REM sleep is most often
associated with dreaming. During the REM state, the
pons sends inhibitor input to the spinal cord to prevent
the physical enactment of dreams (23). With each
successive sleep cycle, the length of time spent in
REM sleep increases, ultimately accounting for 20% to
25% of a sleep epoch(20).

deprivation have led to the development of three broad
categories of contemporary sleep axioms: energy
conservation, information processing and synaptic
plasticity, and restoration of key cellular components
(30).

Mechanisms of sleep-wake regulation.Sleep and
wakefulness are regulated by thehomeostatic drive for
sleep and the body’s endogenous pacemaker, the
circadian rhythm(24). Located in the preoptic area of
the hypothalamus, the homeostatic system stimulates
the propensity for sleep. The impetus towards sleep
accumulates exponentially throughout the day until
satisfied (25). As wakefulness is prolonged, the drive
intensifies until the pressure to sleep becomes
irresistible (11). Concomitantly, the circadian cycle
regulates the diurnal sleep-wake sequence (26).
Controlled by the suprachiasmatic nucleus located in
the hypothalamus (11), the biological pacemaker is
synchronized to the external environment (26).
Coinciding with temporal cues, the circadian clock
promotes wakefulness in rhythmic oscillations, with
peaks in the late morning and early evening, and
troughs in the mid-afternoon and middle of the night.

Evidence suggests that sleep facilitates learning and
memory through changes in brain plasticity (the
capacity of the brain to change with learning) and
synaptogenesis (creation of new synapses) (31). As
wakefulness is associated with learning and the
strengthening of synapses, Tononi and
Cirelli(27)postulated that sleep regulates synaptic
homeostasis. According to this theory, space and
energy limitations make learning unsustainable in a
state of perpetual wakefulness (27). Sleep provides a
condition of external disconnect from the environment
allowing for synaptic downsizing (27). This process
leaves only the most robust connections intact,
providing the energy and space for renewed learning
(30). Tononi and Cirelli’s hypothesis predicts that
synaptic downsizing increases the strength of the
remaining connections, thereby improving learning
performance(27). Although their hypothesis accounts
for numerous experimental observations, it does not
take into account the role of REM sleep in learning
(30).

The two-process model of sleep regulation details the
interaction between these biological forces (27). To
illustrate the model, researchers define the
homeostatic component as process S and the
circadian system as process C (28). Process S
promotes sleep and increases in propensity in a
roughly linear manner during wakefulness, peaks prior
to sleep onset, and dissipates precipitously as sleep
ensues (29). Concurrently, process C counteracts
process S by promoting wakefulness (29). Controlled
by environmental cues such as light and meal timing,
the endogenous circadian rhythm (process C)
operates according to an intrinsic 24-hour timekeeping
system which gradually wanes as the state of wake
progresses (29).As the body’s homeostatic drive for
sleep is satisfied, the circadian waking drive increases
in intensity and the cycle begins anew (27).
Sleep theory. The specific function(s) of sleep remain
elusive to science (24). Studies of sleep and sleep
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Hypotheses which posit that sleep functions to
conserve energy are rooted in the construct of natural
selection (20). According to these models, animal
activity and prey availability peak at specific times of
the day (30). Subsequently, sleep increases the
likelihood of survival by reducing energy expenditure
during periods of torpor. While the energy economics
theory is substantiated by numerous examples in
nature, it fails to explain the selection of REM sleep,
which, in most species, results in a state of increased
energy expenditure (30).

Restoration hypotheses propose that key cellular
components of macromolecule biosynthesis are
expended during periods of extended wakefulness
(24). Subsequently, cellular stress is amplified, and
sleep is required to restore the synthesis of depleted
macromolecules(24). The greatest strength of this
theory is its cellular basis, which makes it applicable to
all organisms and tissues (30). However, the reported
changes in gene expressions are correlational and
may be the result of biological processes distinct from
sleep (30). In addition, similar to other sleep theories,
the restoration hypothesis primarily explains
NON-REM sleep and does not fully elucidate the
function of REM sleep (30).
Sleep across the lifespan. Sleep requirements and
architecture evolve over time, with sleep generally
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becoming less efficacious with age (20). Newborns
and infants require approximately 16 to 18 hours of
sleep per day and spend a considerable amount of
time in REM sleep (32). Infants gradually sleep more
at night as circadian rhythms become entrained and
responsiveness to social cues increase(33). Sleep
duration decreases by 2 to 5 hours in childhood (32),
possibly due to gradual decreases in daytime napping
and the introduction of school routines (34).
Adolescents require 9 to 10 hours of sleep, though
research has found that this duration is rarely met
(35). Adulthood is associated with earlier sleep and
wake times (36). Elderly adults tend to experience a
decrease in sleep quality (37). Although the causes
for this are multifaceted, the elderly are known to
experience a decrease in melatonin levels due to
aging of the hypothalamic nuclei, the organ
responsible for modulating circadian rhythms(38).
Sleep and health.Sleeping 7 to 8 hours on a daily
basis has long been identified as a critical element of
optimum health (1). Notwithstanding, research
indicates that sleep deprivation is highly prevalent in
society. Subsequently, the deleterious outcomes of
this apparent trend have become a topic of growing
concern within the scientific community (2).
Epidemiological evidence has associated both
insufficient (8 hours) sleep durations with increased
rates of morbidity(39, 40)and mortality (3). The
majority of studies report U-shaped, parabolic
relationships, which indicate that sleep durations that
fall outside of the 7 to 8 hour range adversely impact
health (2). Injurious health consequences linked to
long and short sleep duration include cardiovascular
disease (41), diabetes (39), depression (42),
automobile and occupational accidents (43, 44), as
well as learning and memory problems(45). These
findings have led many researchers to conclude that
habitual sleep duration of 7 to 8 hours is essential for
health maintenance (2, 46).
The causal factors explicating the association between
inadequate sleep duration and an increased risk of
all-cause mortality remain unclear (3, 47). As sleep is
a modulator of hormone release, cardiovascular
function, and glucose regulation, Bixler(2)postulated
that short sleep duration contributes to an increased
risk of cardiometabolic disorders including
hypertension, as well as metabolic syndrome, and
diabetes mellitus. Conversely, Youngstedt and
Kripke(48)have proposed that mortality rates
associated with excessive sleep duration are a
consequence of sleep fragmentation, lethargy, and a
decreased photoperiod. Furthermore, evidence
indicates a bi-directional relationship between sleep
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and health such that inadequate sleep contributes to
the progression of a number of medical and
psychiatric disorders, and that these same disorders,
in turn, contribute to poor sleep quality (49).
Sleep restriction. Partial sleep deprivation (PSD) is
described as a nocturnal sleep state that is interrupted
or reduced (50). Banks and Dinges(46)suggest that
PSD can manifest in three ways. The first type
prevents sleep from being physiologically consolidated,
resulting in sleep fragmentation. Sleep fragmentation
disrupts the normal sleep stage sequencing pattern,
resulting in decreased sleep efficiency; measured by
time spent in physiological sleep compared to the
amount of time spent in bed (46). This type of PSD is
commonly seen in certain sleep disorders such as
obstructive sleep apnea (51). The second type of PSD
is classified as selective sleep deprivation. This form
of PSD is marked by sleep fragmentation, which
results in a stage-specific deficiency. Banks and
Dinges(46)classify the third category as sleep
restriction and define this form of PSD as a reduction
in total sleep duration. Sleep restriction is attributed to
medical conditions, sleep disorders, work schedules,
social and domestic responsibilities, and lifestyle
choices (46, 50). Sleep debt is considered to be a
consequence of cumulative sleep restriction (52).
Sleep restriction in society.Sleep loss is widespread
in industrial societies (53). Several studies have noted
a downward trend in the amount of sleep Americans
receive. In 1960, the American Cancer Society
reported modal sleep duration of 8.0–8.9 hours of
sleep; by 1995 the modal category of the survey
indicated that sleep duration had decreased to 7
hours(53). A study examining population-based data
(n=110,441) collected between 2004 and 2007
revealed that 28.3% of U.S. adults slept six or fewer
hours per night and 8.5% slept nine or more hours
(54).
The inclusion of sleep health in the United States
Healthy People 2020 objectives emphasizes the
magnitude of this pertinent health issue. In 2009, the
Centers for Disease Control and Prevention
incorporated a sleep module into the Behavioral Risk
Factor Surveillance System. Analysis of the data
found 35.3% of respondents (n=75,571) reported
having less than 7 hours of sleep on average during a
24 hour period, 37.9% reported unintentionally falling
asleep during the day at least one day in the
preceding 30 days, and 4.7% reported falling asleep
while driving in the preceding 30 days (55). The
Healthy People report clarified the scope of the
national agenda by setting an objective to increase the
percentage of adults who receive sufficient sleep from
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the 2008 baseline level of 69.6% to 70.9% by 2020
(4).
Short sleep duration and reduced sleep quality is not
unique to American culture. A Finnish study
conducted by Kronholm and colleagues (56) between
1972 and 2005 discovered an 18 minute decrease in
sleep duration among the population (n=251,083) in
addition to an increase in sleep complaints, primarily
among middle-aged men. Liu et al. (57) investigated
sleep loss and daytime sleepiness in the general adult
population of Japan and found that 29% of those
surveyed (n=3,030) slept less than 6 hours per night
with 23% reporting insufficient sleep. In accordance
with these findings, the researchers reported
prevalence rates of insomnia at 21% and excessive
daytime sleepiness at 15%.
Although the evidence indicates a trend towards
diminishing sleep duration and quality, there are
limitations with the methods used to arrive at these
findings. Magee, Iverson, Huang, and Caputi(58)
noted that the majority of data were collected through
self-report. Several researchers have delineated the
limitations of this approach and contend that objective
measures of recording sleep are needed to establish
the validity of epidemiological results, particularly in
terms of morbidity and mortality factors as related to
sleep duration (47). Furthermore, some researchers
remain unconvinced that the reduction hypothesis is
viable, citing a lack of comparison data from the
pre-industrial era (56).
Etiology of sleep restriction.Epidemiological data
has uncovered several antecedents of inadequate
sleep duration includingsocioeconomic status (59),
stress (56),sleep complaints(60), age-related factors
(61), being single (54),working long hours (62), as well
asunhealthy behaviors such as smoking, alcohol
consumption, and sedentary lifestyles (2). Conversely,
data has identified supportive marriages (63) and
parenting as determinants that encourage healthy
sleeping patterns (64).
Behavioral dynamics and health-related factors are at
the core of curtailed sleep durations(65, 66).
Behavioral components are interlinked to evolving
societal norms and encompass lifestyle factors such
as shift work, prolonged working hours, jet lag, and
maintaining irregular sleep schedules(67).
Consequently, sleep researchers have cited voluntary
sleep restriction as a primary factor responsible for
insufficient sleep in modern society(49).
Sleep disorders represent a biological or psychological
inability to achieve healthy sleep(68). There are
approximately 90 classified sleep disorders with the
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greater part being characterized by one of three
symptoms: excessive daytime sleepiness, difficulty in
initiating or maintaining sleep, and irregular events
occurring during sleep(69). In 2003, it was reported
that between 50 and 70 million Americans suffered
from chronic sleep and wakefulness disorders(70).
The most common sleep disorders included insomnia,
narcolepsy, obstructive sleep apnea syndrome,
restless leg syndrome, and shift wake-sleep disorder
(68).
Neurobehavioral consequences of sleep
restriction.Sleep restriction degrades behavioral
alertness and cognitive performance. Moreover, these
deteriorating effects are dose-dependent, resulting in
exacerbated conditions of cognitive dysfunction(46,
71). To cope with sleep restriction, the body alters its
normal sleep architecture by intensifying particular
sleep stages while simultaneously diminishing others.
Studies have uncovered that healthy adults restricted
to 4 hours of sleep for multiple nights spend less time
in NON-REM stage two and REM sleep, yet maintain
the same amount of NON-REM slow-wave sleep
relative to a typical 8-hour sleep episode (71).
Although the research demonstrates that the body
conserves slow-wave sleep during periods of
sustained sleep restriction, cognitive deficits continue
to escalate, suggesting that the brain is unable to
adapt to sleep deprivation without sacrificing
neurocognitive performance (46).
Psychomotor vigilance. From a neurological
perspective, alertness refers to a sustained state of
attention required for accurate performance of
cognitive tasks (72). Alertness impacts attention
processes and is highly impacted by sleep
deprivation(73). Sleep deprivation has been shown to
disrupt communication between the multiple brain
regions responsible for managing attention (74).
Studies have shown that to maintain arousal in a
sleep-deprived state, the brain is forced to focus its
cognitive resources on warding off the homeostatic
drive for sleep, leaving a capacity deficit for tasks
requiring alertness (72).
Psychomotor vigilance is particularly sensitive to sleep
restriction. Research has demonstrated that sleep
deprivation increases delays in alertness (75). In an
experiment conducted by Van Dongen and colleagues
(52), cognitive performance impairments of
participants that slept 6 hours or less per night over 14
consecutive days were equivalent to cognitive
performance impairments of participants subjected to
two nights of total sleep deprivation. Surprisingly, the
sleep deprived study participants appeared unaware
of their fatigued state, as indicated by their scores on
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standardized sleepiness scales.
Transportation safety issues exemplify the reality of
sleep restriction’s impact on psychomotor vigilance
(76). Numerous investigations have implicated sleep
loss as a primary cause of automobile accidents (76).
Sleep-related collisions have been estimated to have
an annual economic cost of $43 to $65 billion (77).
Stratified by age and gender, research indicates males
under 30 years are the mostly likely demographic to
be involved in sleep-related crashes(78). Interestingly,
sleep-related motor vehicle accidents correspond to
circadian variations in sleepiness, primarily occurring
between the hours of 2:00 a.m. to 8:00 a.m. and
mid-afternoon(79). Multiple jobs, shift work, and sleep
restriction are the salient factors contributing to
sleep-related accidents (78). Sleep deprivation has
also been shown to impair psychomotor performance
in a manner similar to intoxication at or above the legal
alcohol limit(80).
Mental health. Researchers have found that sleep
deprivation generates feelings of tension, anger, and
uneasiness while concomitantly diminishing drive and
motivation(81). In a pioneering study, Yoo, Gujar, Hu,
Jolesz, and Walker (82) demonstrated that insufficient
sleep duration degrades distressful emotional coping
capabilities. In their experiment, both sleep-deprived
and non-sleep-deprived groups were exposed to
negative visual stimuli. Incorporating brain scans, the
researchers observed that in the sleep-deprived group,
the amygdala—the region of the brain hypothesized to
stimulate emotional responses—exhibited a 60%
greater activation rate compared to the normal sleep
group. In the non-sleep-deprived group, the prefrontal
cortex—the logic center of the brain believed to be
responsible
for
modulating
emotional
reactions—dampened the reaction of the amygdala.
The variation in brain activity between the two groups
suggested there was a lack of association between the
prefrontal cortex and the amygdala in the
sleep-deprived group, explaining the more intense
emotional response. The researchers demonstrated
that in a state of sleep deprivation, emotional coping is
curtailed and reaction to aversive stimuli is
insufficiently regulated by the brain.
Memory and learning. Sleep restriction has been
shown to obstruct higher cognitive functions including
attention, memory, abstract thinking, creativity, and
problem solving(83). Human memory is categorized
into short-term memory, also called working memory,
and three systems of long-term memory (LTM) (84).
LTM is divided into two branches: declarative and
non-declarative (85). Declarative memory refers to
consciously accessible memories, and is classified as
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either episodic or semantic (86). Episodic memories
include autobiographical recollections of one’s life
such as birthdays or other memorable events(87).
Semantic memories include facts, information, and
general knowledge that had been acquired, devoid of
the temporal context in which the information was
obtained (87). Non-declarative memories are acquired
and recalled without conscious thought, and are
related to procedural tasks such as performing a skill
or problem solving (85). Memory classifications
provide a convenient methodology for experimentation;
however, memory systems rarely operate in isolation.
For example, higher learning requires the conjoint
effort of memory types (85).
The introduction of the declarative/non-declarative
dichotomy gave rise to a renewed interest in the
relationship between sleep and synaptic plasticity (86).
Research has strengthened the relationship between
sleep and the memory-learning processes, yet the
extent of sleep’s role in this process is the subject of
much debate (88). Memory formations are thought to
occur in distinct stages over time, beginning with
memory encoding(85). Encoding includes the
processing of a physical sensory input into the
memory. Researchers hypothesize that once a
memory is encoded it undergoes memory
consolidation, a process suspected of making a labile
memory increasingly stable(85). Sleep is considered
a mediator of memory consolidation, yet it remains to
be determined which aspects of memory are affected
by sleep(53). Nevertheless, researchers have
concluded that both REM and NON-REM are
necessary for learning and that sleep loss impairs the
consolidation of declarative and procedural memories
(53).
Physiological consequences of sleep restriction.
Epidemiological evidence has associated short (8
hours) sleep durations with an increased risk of
all-cause mortality (2). In addition, numerous
physiological indices are altered by sleep restriction
including a reduction in T cells (89), a reduction in
glucose(90), a reduction in leptin levels (91), an
increase in blood pressure (92), and elevated levels of
C-reactive protein (93). Researchers speculate that
these short-term alterations serve as a catalyst for the
negative health implications revealed in the
epidemiological research (46).
Cardiovascular morbidity has been associated with
sleep restriction in numerous epidemiological studies
(46). The causal sequence linking chronic sleep
restriction with increased risk of cardiovascular
disease has yet to be identified. Researchers have
speculated that elevated levels of C-reactive protein,
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which rise in response to inflammation in the body and
have been demonstrated to increase during sleep
restriction, contribute to the cardiovascular morbidity
rates reported in epidemiological investigations(46,
93).
Chronic sleep restriction has been shown to negatively
affect endocrine function and carbohydrate
metabolism, leading many researchers to speculate a
causal relationship between sleep restriction and
obesity (91). Several studies have examined the
parallel between the current obesity epidemic and the
growing societal trend of chronic sleep curtailment(58,
94). Potential causal pathways connecting insufficient
sleep and obesity include impaired glucose
metabolism, an increase in caloric intake caused by
hyperphagia, feelings of fatigue contributing to lower
physical activity levels, and a decline in core body
temperature affecting energy expenditure via
thermoregulation(95, 96). Obesity is also a primary
risk factor for obstructive sleep apnea, a type of
sleep-disordered breathing linked to hypertension.
Despite the heightened media attention regarding the
possible link between sleep and obesity, Marshall et al.
(94)has cautioned that the evidence that sleep
duration is causally linked to obesity remains
inconclusive and currently advises against the
promotion of sleep behavior modification as an
intervention for obesity.
Sleep disorders.There are approximately 90
classified sleep disorders identified by the American
Sleep
DisordersAssociation’s
International
Classification of Sleep Disorders(97). The American
Psychiatric Association’s (APA) Diagnostic and
Statistical Manual of Mental Disorders(98) organizes
sleep disorders into four comprehensive sections.
Primary sleep disorders.Primary sleep disorders are
speculated todevelop from abnormalities in the
physiological functions that regulate sleep (98). This
category is divided into two general types: dyssomnias
and parasomnias. Dyssomniasare characterized by
an inability to fall asleep or stay asleep. This spectrum
of disorders includes circadian rhythm disorder,
narcolepsy, and breathing-related disorders such as
obstructive sleep apnea syndrome, primary insomnia,
and primary hypersomnia. Parasomnias are the
second type of primary sleep disorders. Parasomnias
disrupt the sleep-wake cycle by activating
physiological systems at inappropriate times.
Sleepwalking, nightmare, and sleep terror disorders
are examples of parasomnias.
Circadian rhythm somnipathies encompass the family
of sleep disorders affecting the timing of sleep (98).
This category includes a number of disorder types
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relevant to behavioral components of sleep restriction
including delayed sleep phase, jet lag, and shift work.
Of particular interest to this research report is the
delayed sleep phase type characterized by a delay of
the sleep-wake cycle relative to societal demands.
Essentially, this disorder represents a circadian
mismatch. Individuals with this condition initiate sleep,
maintain sleep, and awaken consistently when left to
their own sleep schedule; yet, they exhibit difficulty
modifying their sleep pattern to coincide with
traditionally-timed social and occupational obligations.
As a result, these individuals are frequently chronically
sleep deprived. Delayed sleep phase type is
distinguished from volitional patterns of delayed sleep
hours by the ability of the individual to fall asleep at
earlier times after a period of recovery sleep.
Sleep disorders related to another mental disorder.
Sleep disturbances are frequent features of psychiatric
disorders (98). The primary characteristic of this
category is the presence of insomnia or hypersomnia,
temporally or causally, related to another mental
disorder. Hypersomnia is diagnosed as excessive
nighttime sleep or repeated daytime sleep episodes
lasting for at least one month. Alternatively, insomnia
is categorized as the inability to initiate sleep, maintain
sleep, or receive restorative sleep. Insomnia is
associated with a mental disorder in more than
one-third of cases (99), with the most common
disorder being depression(100).
Insomnia is the most widely reported sleep problem,
afflicting an estimated 10% of the general adult
population in the United States (100). To treat
insomnia, clinicians rely upon a variety of treatment
modalities including pharmacotherapy, psychological
therapy, light therapy, and exercise (101).
Pharmacotherapy is the most frequent method used
for treating acute insomnia. This approach
incorporates the prescription of sedative-hypnotics to
induce or maintain sleep. Psychological therapy,
primarily in the form of cognitive behavioral therapy, is
considered the ideal modality for treating chronic
insomnia (102). Cognitive behavioral therapy consists
of a range of psychotherapeutic methods including
stimulus control treatment, sleep restriction therapy,
cognitive control, thought suppression, imagery and
relaxation, cognitive restricting, and paradoxical
intention (101). Light therapy and exercise are based
on the physiology of human circadian rhythms. Internal
biorhythms are particularly sensitive to environmental
cues, and selective light exposure is presumed to aid
in resetting circadian rhythms (103). Physically active
individuals have been found to have higher sleep
quality as well (47). An explanation for this
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phenomenon has not been resolved, but it is often
attributed to behavioral patterning as opposed to
aerobic fitness (101).
Sleep disorders due to a general medical condition are
typically assumed to be a direct result of a general
medical condition affecting physiological functioning
(98). Substance-induced sleep disorders relate to
sleep disturbances resulting from the use of a
substance, including medications (98).
Sleep hygiene and alertness management. Sleep
hygiene and alertness management are effective
methodologies for improving sleep quality (104) and
enhancing alertness (67). As stand-alones, these
techniques are not used for the treatment of sleep
disorders (101), but are considered beneficial to the
general population to assist in optimizing sleep and
coping with the unwanted effects of unavoidable
fatigue.
Sleep hygiene. Sleep hygiene operates under the
assumption that behavioral and environmental factors
can be modified to enhance sleep quality (104). Sleep
hygieneconsists of a series of practices designed to
optimize the biological processes regulating human
sleep. From the time of its conception in 1977 by Peter
Hauri, the opinions of what constitute ideal sleep
hygienehave continued to evolve (104). Hauri(105)has
suggested that many of the sleep hygieneprinciples
are relative to each individual and should be subjected
to trial-and-error and analyzed over time through the
maintenance of a sleep log. Hauri has noted that in
practice most patients are only capable of adopting
three or four sleep hygieneprinciples at a time as the
implementation of the rules often requires significant
behavioral modification.
Habitual sleep/wake time. Adhering to a consistent
wake/sleep time promotes optimal sleep propensity
and consolidation (104). Hauri(105) has advised
establishing a regular wake time and incorporating a
sleep log to determine optimal sleep duration. It is
commonly accepted that the circadian and
homeostatic processes will eventually synchronize to
the fixed wake time, and sleep time would regulate
itself automatically. Hauri has asserted that the innate
circadian rhythm is longer than 24 hours in
adolescents and young adults. Maintaining a regular
arousal time is alleged to aid in consolidating this
extended duration into a 24-hour time frame.
Napping. Daytime naps have been shown to have an
adverse effect on nocturnal sleep quality by
diminishing the homeostatic pressure for sleep (104).
Notwithstanding, short naps of 15 minutes can
improve performance, while longer late-afternoon naps
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have the potential to disrupt nocturnal sleep quality
(106). Hauri(105) has recommended that naps be
explored as an option and, if found to be beneficial,
tailored according to individual need.
Caffeine.Caffeine is the most popular psychostimulant
for thwarting sleepiness (107). The neuromodulator
adenosine is believed to be an endogenous
sleep-promoting substance that increases in tandem
with the sleep homeostat(108). Caffeine is believed to
block adenosine receptors in the central nervous
system thereby staving off the homeostatic drive for
sleep. Caffeine has a half-life of 6 hours;therefore, it is
recommended to not consume caffeine within 4 to 6
hours of scheduled sleep time. Restricting caffeine
consumption prior to sleep time is one of the few
consistent recommendations proposed by sleep
hygieneexperts (104).
Alcohol and tobacco.Alcohol has several inimical
effects on sleep hygiene including suppression of
REM sleep, sleep fragmentation, and delay of sleep
latency (104). Low doses of alcohol can assist in
promoting sleep onset; however, alcohol consumed up
to 6 hours prior to sleep time has been empirically
verified to result in sleep fragmentation (109).
Consequently, it is generally recommended that
alcohol be avoided prior to sleep and not be employed
as a hypnotic (105). Similar to caffeine, alcohol
avoidance is one of the few SH practices that are
recommended across the research (104). As well,
nicotine is considered a mild stimulant and thus should
be avoided prior to sleep (105). However, the full
effect of nicotine’s interaction on sleep remains
unclear (104).
Body temperature and passive heating.The circadian
rhythm is assessed by measuring core temperature.
Hauri(105) has contended that sleep quality is tied to a
natural trough in the daily temperature curve. Intense
exercise is known to cause an increase in core
temperature resulting in a compensatory decrease in
core temperature 4 to 6 hours post-workout (Horne &
Staff, 1983). The subsequent decrease in core
temperature leads to a cooling effect that is believed to
assist in promoting sleep. Exercise performed later in
the day is also thought to increase sleep depth (47).
While biologically plausible, the evidence is mixed on
the sleep-promoting efficacy of exercise (110).
Passive heating, such as remaining in a hot bath for
30 minutes, has been advocated as a mechanism to
prompt core temperature reaction (111). Liao (112)
reported that passive heating increased the depth of
sleep in elderly individuals with insomnia. The cooling
aftereffect was observed peaking approximately 2 to 4
hours post-passive heating, and could be incorporated
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as an alternative to intense physical activity(105).
Environment. In addition to the homeostatic and
circadian processes, the autonomic nervous system
assists in regulating sleep. Sleep onset requires a
decrease in sympathetic activity and an increase in
parasympathetic equilibrium (11). Stimuli which
amplify sympathetic activity disrupt sleep, irrespective
of whether the origin of the stimuli is endogenous or
exogenous (11). This premise explains why caffeine
consumption (exogenous) or anxiety-focused
rumination (endogenous) promotes wakefulness when
entertained near sleep onset (11). Researchers
speculate that this mechanism exists for survival
purposes, such as when hazardous conditions require
the body to maintain wakefulness. However, this
function is also suspected to hinder sleep and promote
insomnia. Environmental sleep hygienepractices are
believed to promote nocturnal tranquility in a manner
similar to classical conditioning (11).
A number of environmental factors have been
proposed to foster SH such as eliminating light and
noise from the bedroom, regulating bedroom
temperature, eliminating light-emitting bedroom clocks,
ensuring the bed is comfortable and suitable for sleep,
and using the bedroom exclusively for sleep(63, 105).
Nightly rituals are believed to serve as triggers to
prepare the mind for sleep (63). Mild routines have
been recommended and are encouraged to be used in
conjunction with other SH practices to reinforce sleep
latency. The creation of a “worry list” can cultivate an
environment conducive to sleep by assisting in
allaying mental stress (63). Integrating this technique
requires the individual to develop a list of tasks and
goals that have to be completed in the near future and
mentally detaching from the list to clear the mind of
anxiety-producing thoughts.
Inadequate sleep hygiene. The AASM(97) has
established a set of criteria for diagnosing inadequate
sleep hygiene.
Inadequate sleep hygieneis
characterized by practices that produce increased
arousal and practices that contradict the known
principles of sleep organization. The central tenet of
inadequate sleep hygieneis that the practices are
under the behavioral control of the individual and are
not the result of an underlying physiological or
psychological disorder.
Studies show that arousal can be augmented by
substances such as caffeine, tobacco, and alcohol
(97). Stress and excitement also contribute and
include stimulating activities occurring within close
proximity to sleep time such as intense physical
activity, involved mental tasks, or social events.
Environmental arousers—for example, allowing light to
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seep into the bedroom—are also labeled as sleep
disruptions. The biological processes that regulate
sleep are also susceptible to inadequate sleep
hygiene. Spending too much time in bed, excessive
variation in sleep/wake time, and taking naps
throughout the day are considered indicators of poor
sleep hygiene.
Alertness management.The context of modern
society has led many researchers to conclude that
stints of voluntary sleep restriction are inescapable.
Alertness management incorporates a blend of SH
techniques and fatigue management strategies to
mitigate the effects of unavoidable sleep loss (67).
Fatigue is an enervator of several psychological
functions including accuracy and focus, multi-tasking,
social interaction, emotional stability, and rational
thought.
Optimizing sleep.In general, this tactic coincides with
sleep hygienepractices with an additional
recommendation to use hypnotics to cope with
situations that make sleep onset difficult such as shift
lag, poor sleep environments, or unconventional
schedules (67). A variety of hypnotics are available,
and consideration of the ideal soporific is dependent
upon a number of factors. Temazepam has a half-life
of 8 to 10 hours and is considered useful for
increasing sleep duration. Extended-release zolpidem
improves sleep maintenance without the extended
half-life of temazepam. Zolpidem or zaleplon are ideal
for short-sleep periods and have a lower post-sleep
sedation side effect.
Dietary supplementsmay alsooffer potential for
optimizing sleep. One such supplement is melatonin;
a popular, over-the-counter, sleep aid. Melatonin is a
hormone produced at night by the pineal gland and is
responsible for regulating the sleep-wake cycle. As a
dietary supplement, melatonin isconsumedto adjust
the body’s internal clock, primarily due to jet lag or
shift-work disorder. It is also used to promote sleep
onset in cases of insomnia. It should be noted that
little scientific research exists to substantiate the
efficacy of non-hypnotic sleep aids such as melatonin
(113). Thus, caution is warranted in promoting their
use until more research is conducted.
Fatigue countermeasures.Caldwell and colleagues
(67)recommend five strategies for temporarily
preserving performance during a state of fatigue. The
authors recommend that these strategies be utilized
intermittently as needed and that regular sleep be
resumed as soon as conditions permit.
Limiting time on task and rest breaks. Restraining the
total duration of time available to work promotes
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healthier sleep habits and offsets the effects of
time-on-task fatigue (114). Rest periods taken during a
work shift assist in counteracting the negative
neurocognitive side effects of sleep loss. However,
the benefits of a rest period during a sleep-deprived
state are minimal for long-term performance (115).
Napping and posture.A nap taken during periods of
prolonged wakefulness is the most effective
non-pharmaceutical method for bolstering alertness.
Bonnet (116) found that a nap taken prior to a 52-hour
block of continuous work sustained performance for 24
hours when compared to a non-nap group; however,
the benefits dissipated by the second night of sleep
loss. Nap timing and length are important aspects to
consider. Nap duration is directly proportional to
performance benefit (67). Daytime naps taken in a
non-sleep-deprived state have been recommended for
improving night-work performance. For planning a
nap, experts contend that an important consideration
is the timing of the nap in relation to the circadian
phase. The circadian rhythm regulates core body
temperature. Sleep propensity is the greatest when
the core body temperature troughs and lowest when
the core body temperature peaks. Generally, core
temperature peaks in the early evening and troughs
during the pre-dawn and early morning hours. Nap
inducement can be difficult to initiate during
temperature peaks, yet naps during this phase tend to
produce the least amount of post-sleep lethargy. Naps
initiated during the circadian trough offer the best
performance benefits, but are accompanied by a
higher likelihood of sleep inertia (117).
Certain postures aid in inhibiting fatigue. Upright
positions reduce sleepiness compared to prone
positions (118). During periods when fatigue is high,
working in a standing position can preserve alertness
(67).
Psychoactive stimulants.Caffeine is a short-acting
stimulant clinically demonstrated to reduce
performance deficits associated with sleep loss (67).
Controlled experiments have found that caffeine
improves performance at doses of 75 to 100 mg
following acute restriction of sleep and at doses of 200
to 600 mg after a night of total sleep loss (116).
However, frequent use of caffeine results in tolerance
and produces withdrawal side-effects(116).

Discussion
The twentieth century witnessed monumental leaps in
the scientific understanding of human sleep(18). Sleep
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research was developed into a testable science with
the discovery of electroencephalography and later
refined with the introduction of polysomnography(20).
These advancements provided a deeper
understanding of sleep physiology and the impact of
sleep on human health. Although a putative theory of
sleep currently eludes scientists, the interaction
between the homeostatic mechanism and circadian
rhythm in the modulation of sleep and wakefulness
has been successfully described by the two-process
model of sleep regulation(27).
Sleeping 7 to 8 hours on a daily basis has long been
identified as a critical element of optimum health(1).
Despite this, a mounting body of evidence suggests
that sleep restriction is on the rise in the society.
Epidemiological research has uncovered the health
ramifications of this trend, associating both insufficient
and excessive sleep durations with increased rates of
morbidity and mortality(2). Sleep restriction has also
been shown to have neurobehavioral consequences.
Salient symptoms of sleep deprivation include
impairment of neurocognitive and psychomotor
performance, emotional imbalance, and overall lower
life satisfaction. Researchers speculate that
short-term physiological alterations due to sleep
restriction could serve as a catalyst for the long-term
negative health implications revealed in the
epidemiological research.
Sleep is one of the core components of optimal health,
yet has received minimal attention in the health
promotion and education literature. Sleep hygiene and
alertness management can improve behavioral and
environmental conditions responsible for inducing the
physiological and environmental conditions necessary
for quality sleep (67, 104). Sleep hygiene and
alertness management principles should be promoted
to the general public through public health
interventions.
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