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Summary

The ineffectiveness of sleep hygiene as a treatment in clinical sleep medicine has raised some
interesting questions. If it is known that, individually, each specific component of sleep hygiene is
related to sleep, why wouldn't addressing multiple individual components (i.e., sleep hygiene
education) result in improved sleep? Is there still a use for sleep hygiene? Global public health
concern over poor sleep has increased the demand for effective sleep promotion strategies that are
easily accessible to the general population. However, the extent to which sleep hygiene principles
and strategies apply outside of clinical settings is not well known. The present review sought to
evaluate the empirical evidence for several common sleep hygiene recommendations, including
regular exercise, stress management, noise reduction, sleep timing regularity, and avoidance of
caffeine, nicotine, alcohol, and daytime napping, with a particular emphasis on their public health
utility. Thus, our review is not intended to be exhaustive regarding the clinical application of these
techniques, but rather to focus on broader applications. Overall, though epidemiologic and
experimental research generally supported an association between individual sleep hygiene
recommendations and nocturnal sleep, the direct effects of individual recommendations on sleep
remains largely untested in the general population. Suggestions for further clarification of sleep
hygiene recommendations and considerations for the use of sleep hygiene in nonclinical
populations are discussed.
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Sleep hygiene is defined as a set of behavioral and environmental recommendations
intended to promote healthy sleep, and was originally developed for use in the treatment of
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mild to moderate insomnia.l During sleep hygiene education, patients learn about healthy
sleep habits and are encouraged to follow a set of recommendations to improve their sleep
(e.g., avoid caffeine, exercise regularly, eliminate noise from the sleeping environment,
maintain a regular sleep schedule).? Although research has demonstrated links between
individual sleep hygiene components and subsequent sleep, evidence for the efficacy of
sleep hygiene education as a treatment for insomnia has been limited and inconclusive.2-
Taken together, the lack of supportive data and the availability of effective, empirically
supported, behavioral treatment alternatives has led to the conclusion that sleep hygiene
education is ineffective as a monotherapy for insomnia.6 Thus, we turn our attention away
from sleep hygiene in the context of clinical sleep medicine, and consider its potential utility
in the realm of public health where sleep hygiene is still widely used.

Sleep problems are prevalent in the global population. Throughout this manuscript, the term
“sleep problems” will be used to refer generally to any combination of acute or chronic
problems with prolonged sleep onset latency (SOL), excessive wake after sleep onset
(WASO), short total sleep time (TST), low sleep efficiency (SE), or poor sleep quality based
on subjective and/or objective assessments. We specifically do not use “sleep problems” to
refer to such difficulties as symptoms of more specific clinical sleep disorders. Recent
estimates suggest that over half (56%) of Americans suffered from sleep problems over the
previous year, as compared to 31% of Western Europeans and 29% of Japanese.” Though
the majority of these individuals reported functional impairment as a result of their sleep
problems, most (61-79%) did not meet clinical diagnostic criteria for insomnia based on
self-reported symptoms.” In a similar survey of adults representing 10 countries, 31.6% of
participants were classified as having insomnia while an additional 17.5% of participants
were classified with subthreshold insomnia.8 Sleep problems are of growing concern to
global public health because poor sleep is associated with impairments in motivation,
emotion, and cognitive functioning as well as increased risk for serious medical conditions
(e.g., diabetes, cardiovascular disease, cancer) and all-cause mortality, even when the
symptoms are below the threshold for clinical sleep disorders.®-11 Despite the potential
widespread benefit for sleep promotion, established behavioral treatments (e.g., cognitive
behavioral therapy for insomnia (CBT-1)) are largely limited to individuals who qualify for,
and seek, treatment from sleep medicine professionals. The present review considers the
needs of the general nonclinical population, encompassing individuals with intermittent or
subsyndromal sleep impairments as well as those who may meet criteria for sleep disorders,
but for whom sleep treatments are unavailable or inaccessible. Such individuals may be
more likely to seek assistance from primary care providers or self-help materials to manage
their sleep problems, and as a result will likely be exposed to sleep hygiene
recommendations which are widely used in medical settings?3 and are easily accessible on
the internet. As described recently,12 greater emphasis on sleep health (rather than clinical
sleep disorders) more closely aligns sleep research with current healthcare objectives and
broadens our understanding of sleep's full spectrum of influence on population health.

Though the utility of sleep hygiene education may be limited in clinical settings, there are
several reasons to consider its potential to improve sleep and promote health in the general
population. In addition to being commonly used and readily available, sleep hygiene
education does not require the direct involvement of a clinician and therefore can be widely
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disseminated to individuals not likely to seek medical treatment for their sleep problems. As
a relatively inexpensive lifestyle intervention, sleep hygiene education could serve as a first-
line intervention in a stepped-care model for adults who want to improve their sleep but are
not likely to qualify for, or seek, more substantial clinical treatment. Sleep hygiene
recommendations may be delivered via a variety of media (e.g., print- or internet-based),
resulting in increased access. In addition, sleep hygiene education may be a more
appealing and intuitive option for the general population. For example, examination of a
tailored sleep improvement plan in cancer patients revealed that when developing their
individual plan, participants preferred sleep hygiene strategies over stimulus control or sleep
restriction.14 Moreover, adherence to the sleep hygiene component was relatively high and
increased over time (68-78%) compared to the other treatment components.1> However, it is
important to note that individuals with undiagnosed or untreated sleep disorders may engage
in poor sleep hygiene behaviors in an attempt to cope with their poor sleep (e.g., caffeine or
alcohol use), and continued efforts should be made to identify these individuals and refer
them for more appropriate treatments.

Recent public health campaigns have advanced general knowledge about the importance of
good sleep, though they are often focused on adequate sleep duration rather than good sleep
quality, and the effectiveness of these campaigns is generally unclear. Less is known
regarding scientifically valid strategies by which the average person might effectively
improve their sleep. Relatively few studies have investigated the efficacy of sleep hygiene
interventions in nonclinical samples.18-20 Overall, this work has provided some preliminary
support for the use of sleep hygiene education in nonclinical populations, but the findings
are inconsistent. Taken together with findings in clinical samples, these data raise an
interesting question. If it is known that, individually, each specific component of sleep
hygiene is related to sleep, why wouldn't addressing multiple individual components (i.e.,
sleep hygiene education) result in improved sleep? Inconsistent and uncompelling findings
may be due, in large part, to the lack of a standardized approach in the application of sleep
hygiene principles to clinical practice and research. As reviewed by Stepanski and Wyatt,3
definitions of sleep hygiene are inconsistent across studies, and the individual
recommendations vary widely in both content and implementation. Further, these authors
recommended that future research focus on establishing clear guidelines for individual
behavioral and environmental aspects of sleep hygiene, rather than focusing on sleep
hygiene as a comprehensive list.3 This approach is consistent with Hauri's original
recommendations to tailor sleep hygiene recommendations to fit individual needs,! but is
inconsistent with the common public health approach of providing a standard and
comprehensive set of recommendations. An important next step is to consider the empirical
foundation for sleep hygiene, and identify appropriate modifications to improve its delivery
and efficacy in the general population.

More specifically, the current evidence base for each individual sleep hygiene
recommendation should be evaluated and expanded to support further clarification of
recommendations. With a particular focus on application in nonclinical populations, the
present review aims to: 1) critically review the empirical evidence for individual
components of sleep hygiene recommendations, identifying inconsistencies and clarifying
specific guidelines for optimal sleep promotion; 2) identify gaps in the present
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understanding of sleep hygiene recommendations and provides suggestions for future
research; and 3) identify additional conceptual and methodological issues to consider when
utilizing sleep hygiene recommendations in the general population. Particular emphasis was
placed on reviewing research that directly manipulated the recommended behavior by either
examining the impact of the behavior or environmental factor on sleep by manipulating it
(e.g., administering caffeine to a caffeine-naive individual and observing effects on
subsequent sleep) or by observing changes in sleep after the recommended behavior change
was made (e.g., asking habitual caffeine users to abstain from caffeine and observing the
effects on subsequent sleep). The former strategy allows for a “clean” examination of
individual effects while the latter may be confounded by conceptual “noise” (e.g., tolerance,
addiction, concurrent risk factors) but more closely approximates realistic circumstances in
which individuals may be using sleep hygiene strategies. To maximize its relevance to the
general population, when possible, the present review is focused on adults who were not
specifically recruited because they suffered from clinically diagnosed sleep disorders.

Empirical support for individual sleep hygiene recommendations

Caffeine

Below we provide a review of the empirical support for several of the most common sleep
hygiene recommendations including caffeine consumption, smoking, alcohol use, exercise,
stress, noise, sleep timing, and daytime napping. The present review is not exhaustive, but
reports on representative studies, with a particular emphasis on research that examined
specific parameters of recommendations (e.g., timing of behavior, amount of exposure) and
research that directly evaluated the change in sleep after following sleep hygiene
recommendations. As noted above, emphasis was placed on studies that 1) used nonclinical
samples (i.e., did not study individuals selected for insomnia), 2) tested the isolated impact
of an individual sleep hygiene component on sleep (rather than in combination with other
treatments or sleep hygiene components), and 3) utilized experimental designs. Research
published in languages other than English was not included. Key findings are summarized in
Table 1.

Caffeine is the most widely used psychoactive substance in the world,2! and its stimulant
properties make it a logical target for sleep promotion efforts in the general population. On a
molecular level, caffeine's alerting and sleep-disruptive effects are driven by blockade of
adenosine receptors in the basal forebrain and hypothalamus (see reviews of caffeine's
pharmacology?2-23). Plasma levels of caffeine peak approximately 30 minutes after oral
administration, and the half-life of a single dose of caffeine is 3-7 hours, though this is
influenced by individual differences in sensitivity, metabolism, and accumulation.22:23 For
example, the half-life of caffeine has been shown to increase with age, such that the
substance remains active for longer in older adults.2* Caffeine's impact on sleep-wake
physiology is well documented, but translation of its effects into clinically relevant
behavioral recommendations remains less well tested.

To establish a practical, evidence-based behavioral recommendation regarding caffeine use,
it is essential to consider both the timing and amount of caffeine consumption in daily life.
Current sleep hygiene recommendations vary widely, ranging from complete abstinence to
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avoiding caffeine only in the afternoon or evening.3 However, few studies have actually
tested the impact of morning caffeine consumption on subsequent nighttime sleep. Landolt
and colleagues administered 200 mg of caffeine early in the morning and examined its effect
on polysomnographic (PSG) sleep characteristics in 9 healthy, young, male participants.2®
Though salivary caffeine levels were low by bedtime, results indicated reduced TST and SE,
in conjunction with a shift from lower to higher electroencephalographic (EEG) frequencies
during whole-night sleep, following morning caffeine compared to placebo. Despite these
intriguing results, no study has confirmed or contradicted Landolt et al.'s conclusions in the
nearly 20 years since these findings were first published. One recent study examined
caffeine consumed in the home environment (primarily in the morning), and found that
plasma levels of caffeine and its metabolites at bedtime were not associated with PSG-
assessed sleep in either people with insomnia or good sleepers.26 Overall, though it is
plausible that acute or habitual use of caffeine may impact physiological sleep-wake systems
beyond the span of its half-life, replication is necessary to confirm this effect and justify a
recommendation regarding morning caffeine abstinence for all individuals.

In contrast, several studies have investigated afternoon and evening caffeine use. A recent
study of 12 healthy young adults administered 400 mg of caffeine in the late afternoon and
evening (i.e., within the half-life of caffeine), and found that even doses ingested up to 6
hours before bedtime were associated with disturbances in both subjectively and objectively
assessed sleep.2” A review of several laboratory studies of bedtime caffeine administration
indicates that administration of caffeine approximately 30 minutes before bedtime disrupts
nightly sleep by increasing SOL and decreasing TST and SE, as well as shifting sleep
architecture toward lighter sleep.23 Notably, the amount of caffeine administered in these
studies was often moderate to high (up to 600 mg, equivalent to approximately 5-6 cups of
brewed coffee?8), as it was often intended to model insomnia in humans.23 In addition,
participants in these studies were often naive to caffeine, and therefore may systematically
differ from the general population of caffeine users.23 Thus, it is reasonable to conclude that
consuming large quantities of caffeine near bedtime (i.e., equivalent to several cups of
coffee) is likely to disrupt sleep, but less is known about the clinical significance of low to
moderate amounts of caffeine. In a direct comparison of the effects of 0, 100, 200 and 300
mg of caffeine administered shortly before bedtime, only those who received 300 mg of
caffeine showed significant sleep impairments in comparison to those who received no
caffeine.29 A few other studies have examined low to moderate doses of self- administered
caffeine. For example, Lloret-Linares and colleagues conducted a double-blind trial to
compare the effects of one cup of caffeinated vs. decaffeinated coffee after dinner on self-
reported sleep in individuals who identified themselves as caffeine-sensitive.3% Results
indicated several significant effects of caffeinated coffee on self-reported sleep quality, but
these findings may not generalize to the habitually caffeinated population. In fact, recent
work has identified an adenosine receptor gene associated with caffeine sensitivity, and
reported that the impact of caffeine on the sleep of caffeine-insensitive individuals may be
minimal.3! Thus, individuals might consider their own caffeine sensitivity before changing
caffeine intake as a means to improve sleep. Another recent randomized, double-blind study
compared 5 days of placebo to 5 days of caffeine (250 mg) self-administered 0-60 minutes
before bedtime, and measured effects on self-reported and actigraphy-assessed sleep.32 On
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the first night, there was significantly greater sleep fragmentation, poorer self-reported sleep
quality, and a trend toward lower SE for those in the caffeine condition relative to placebo.
Beyond the first night, however, only actigraphy-assessed SE was significantly lower in the
caffeine condition. The authors interpreted these changes in between-group differences over
the course of just a few days as indicative of tolerance to caffeine's effects.32 Similarly rapid
tolerance to the acute sleep-disrupting effects of caffeine administration has been observed
in several other laboratory studies (see review?3), yet the role of tolerance in attenuating
caffeine's influence on sleep in habitual caffeine consumers remains largely unexplored.
Finally, Hindmarch and colleagues®* utilized a cross-over design to test the impact of tea
(37.5 or 75 mg of caffeine) and coffee (75 or 150 mg of caffeine) consumption on nocturnal
sleep in 30 habitual caffeine users. Participants received one type of caffeinated beverage (or
water) at 0900, 1300, 1700, and 2100 hours for one day with a 6day washout period between
beverage conditions. Results indicated that, compared to water, caffeine consumption was
associated with greater self-reported difficulty falling asleep and lower sleep quality after
controlling for the previous night's sleep, though these effects were notable only for the
highest caffeine condition (coffee with 150 mg caffeine). Significant effects were also
observed for actigraphy-assessed TST. In comparison to no caffeine (water), low-dose
caffeine conditions (tea with 37.5 or 75 mg caffeine, coffee with 75 mg caffeine) resulted in
approximately 15 fewer minutes of actigraphic TST and high-dose caffeine (coffee with 150
mg caffeine) resulted in almost 45 fewer minutes of actigraphic TST. Interestingly, this
reduction in TST was moderated by habitual caffeine use, such that individuals with a lower
habitual caffeine intake were more sensitive to the sleep-disrupting effects of caffeine than
individuals with a higher habitual caffeine intake.3* These data further support consideration
of issues of caffeine tolerance and sensitivity in research targeting samples of habitual users.

Although many studies have examined the impact of caffeine administration on subsequent
sleep, very few have examined the impact of caffeine avoidance by habitual users, despite
the fact that this population would be most likely to receive, and benefit from, such
recommendations. Of the few available studies, the results have been inconsistent.34-36
Hofer and Battig3® assigned habitual caffeine users to caffeine, no caffeine, or intermittent
caffeine conditions. Results suggested slightly fewer problems falling asleep on days
without caffeine, but found no other effects of caffeine abstinence on self-reported sleep
characteristics. Similarly, James36 assigned habitual caffeine users to one of four groups
designed to represent caffeine abstinence, acute use, withdrawal, or habitual use. After one
week, the withdrawal group (6 days caffeine, 1 day placebo) reported longer sleep duration
compared to the mean of the other 3 groups. In a recent study, Ho and colleagues3* assigned
habitual users to one week of caffeine or abstinence and found no change from baseline self-
reported or actigraphy-assessed sleep. These null or modest effects may indicate that
caffeine cessation by habitual users is not very effective at improving sleep, perhaps because
tolerance has developed to caffeine's sleep-disrupting effects. However, it is important to
note that participants of these studies were not screened for sleep problems prior to
recruitment, often because the impact of caffeine on sleep was not a primary aim of the
study. The limited effects may have been observed because there was little room for
improvement in sleep from baseline. This also suggests that these samples are not
representative of the individuals most likely to use sleep hygiene recommendations (i.e.,
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people with sleep problems). Additional limitations include small sample size,3* restrictive
sources of caffeine (i.e., coffee only,343% caffeine pill3®), and reliance on self-reported
sleep.336 Thus, at present it is difficult to interpret the implications of these findings, but
future work might extend this research by investigating the short- and long-term impact of
caffeine cessation in habitual users with sleep problems.

In sum, laboratory studies have demonstrated that large doses of caffeine close to bedtime
have an acute disruptive effect on human sleep, but the effects of lower doses of caffeine are
smaller in magnitude and less consistent. The long-term effects of caffeine abstinence in
habitual caffeine consumers are not yet known, but the limited evidence to date suggests
caffeine abstinence may be more beneficial for light or intermittent caffeine users than for
habitual users. In order to form effective behavioral recommendations on caffeine use and
sleep, future research might consider several key points. Self-administration studies in the
home environment would more closely model typical use of caffeine in the general
population. Careful measurement and/or manipulation of realistic timing and dosage of
caffeine intake would clarify recommendations regarding caffeine dose and timing. Finally,
additional research should consider the role of caffeine tolerance and its implications for
sleep. For low to moderate habitual users, the daily deviation from normal caffeine intake
may be more relevant to sleep than absolute amounts. Thus, behavioral recommendations
may be personalized based on an individual's habits, rather than a generalized rule.
Advancements in the study of caffeine and sleep will help identify the strength of their
association in regular users, and inform the establishment of practical behavioral
recommendations.

Like caffeine, nicotine promotes arousal and wakefulness, primarily through stimulation of
cholinergic neurons in the basal forebrain.22 Sleep hygiene recommendations suggest
avoidance of nicotine use to promote better sleep. As reviewed by Jaehne and colleagues,
nicotine, whether from cigarette smoking or administration via pill or patch, is associated
with impaired sleep.37 Specifically, nicotine use is associated with increased SOL, decreased
TST, more frequent early morning awakening and suppression of rapid eye movement
(REM) sleep and slow-wave sleep (SWS), though these findings are not entirely consistent
across self-report and PSG assessments (see 37). Thus, the recommendation to avoid and/or
discontinue use of nicotine to improve sleep seems reasonable. However, when
recommending that a nicotine-dependent individual abstain to promote better sleep, it is
critical to evaluate the direct effects of smoking cessation on sleep.

In the early stages of smoking cessation, sleep complaints are very common. This is likely
due to nicotine withdrawal, which results in heightened arousal and cravings. Symptoms of
withdrawal peak a few days after cessation and last for 3-4 weeks.38 Increases in the
frequency and duration of arousals are the most consistent sleep problems during
withdrawal, as assessed by both self-report and PSG, and have been shown to increase risk
of relapse in the weeks following cessation (see 37:39). Although the acute negative impact
of smoking cessation on sleep is well documented, the long-term impact of smoking
cessation on sleep, and therefore, whether it is a viable sleep hygiene recommendation, is
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not well known. Two large cohort studies compared the sleep of non-smokers, former
smokers, and current smokers and found that former smokers did not differ significantly
from non-smokers in either self-reported®? or PSG-assessed*! sleep. These results suggest
that sleep impairments associated with smoking may be resolved after cessation and long-
term sleep improvements can be achieved following smoking cessation, but such
conclusions are limited by the study methodologies. Both studies defined former smokers as
individuals who have smoked but do not currently smoke, and additional data were not
available regarding important characteristics such as the degree of past exposure and time
elapsed since cessation. Moreover, sleep data prior to smoking cessation were not available
for comparison in former smokers. Additional research that examines the longitudinal
trajectory of sleep from pre-cessation through withdrawal and long-term assessments would
help clarify the benefits of this sleep hygiene recommendation.

The current literature also revealed several additional aspects to consider in constructing a
useful and valid recommendation to improve sleep with regard to nicotine use. Although
general physiological tolerance to nicotine develops quickly2? this does not appear to
translate into tolerance for nicotine's sleep-disrupting effects. Whereas caffeine tolerance
results in a lesser impact on sleep disturbance, data suggest that even after years of smoking,
smokers experience significantly worse sleep than nonsmokers.3” Cigarette smoke contains
many chemicals other than nicotine, and it may be that other agents disrupt sleep without
developing tolerance. Alternatively, the discrepancy between smokers and nonsmokers may
reflect other systematic differences between these self-selected groups. Very few
studies®1-42 have adjusted for relevant group differences such as age, gender, medication
use, sleep apnea, and other health risk behaviors (e.g., alcohol and caffeine use, physical
inactivity) known to influence sleep, so it is difficult to draw broad conclusions about the
independent effect of nicotine on sleep among smokers compared to non-smokers.

Research documenting the effects of nicotine on sleep in occasional smokers or passive
(secondhand) smokers is also limited. For example, Gillin and colleagues conducted a
double-blind cross-over trial to examine the impact of nicotine patch administration on PSG-
assessed sleep in 12 healthy nonsmokers.#3 The amount of nicotine received was equivalent
to several cigarettes.?2 Compared to placebo, nicotine administration resulted in REM
suppression and early awakening, with REM rebound and normalization of wake time
occurring during the subsequent recovery night. Altogether, the few studies on this topic
suggest that nicotine use in nondependent smokers has acute consequences similar to use in
dependent smokers. Based on current data, it is not yet clear if complete abstention from
nicotine is required for optimal sleep, or if there is a dose-response relationship or a
threshold under which sleep would not be disturbed (e.g., after one cigarette). This
information could be relevant to individuals’ self-efficacy for following sleep hygiene
recommendations and their willingness to adhere. Passive smoke is another way in which
nonsmokers may be exposed to nicotine. Surveys suggest that secondhand smoke exposure
may be linked to sleep disturbance,*44° though one survey defined sleep disturbance
broadly as reporting insufficient sleep or rest at least one day during the past month.4>
Davila and colleagues defined sleep problems more stringently using 10 questions about
diagnostic criteria for sleep disorders, and found no differences in sleep between
nonsmokers with and without secondhand smoke exposure.46
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In conclusion, evidence suggests that exposure to nicotine is associated with sleep problems,
particularly at high doses. Recommendations to discontinue nicotine use, however, are
complicated by the temporary worsening of sleep in the acute withdrawal period following
cessation and the limited evidence regarding long-term benefits. Though it seems plausible
that recommendations to avoid occasional and passive smoking would also be beneficial,
data are limited at this time. Future systematic evaluation of the long-term impact of
smoking cessation on sleep will inform behavioral recommendations, and the incorporation
of strategies to help smokers overcome withdrawal-related sleep disturbance may further
improve the efficacy of sleep hygiene recommendations regarding nicotine use. In addition,
further investigation of occasional and passive smoking will clarify accurate
recommendations for non-dependent smokers by evaluating factors such as timing,
frequency, and type of nicotine exposure. Current sleep hygiene recommendations regarding
nicotine use are not likely to be generalizable to all individuals, and therefore efforts should
be made to define guidelines appropriate for individual circumstances.

Alcohol use is another behavior commonly discouraged in sleep hygiene education, with
recommendations ranging from complete abstinence to avoidance of excessive use just
before bedtime.3 The acute effects of alcohol administration on sleep in healthy individuals
are reasonably consistent and well documented. Alcohol administration near bedtime is
associated with decreased SOL and increased SWS during the first part of the night.
However, once the alcohol is metabolized within the first few hours of sleep, subsequent
sleep becomes lighter with increases in Stage 1 and REM sleep and more arousals (see 4749
for reviews). These effects result from alcohol's influence on several neurochemical systems
(e.g., GABA, adenosine; see 4748),

Despite the compelling body of work demonstrating the impact of alcohol administration on
sleep, fewer studies have examined the effects of alcohol reduction on subsequent sleep that
would be expected if individuals were to follow the sleep hygiene recommendation. Upon
completing a 1-day sleep hygiene education program designed to eliminate alcohol intake at
bedtime, Morita and colleagues found a reduction in daytime sleepiness that coincided with
reduction in alcohol use at bedtime.1® However, it is unclear whether changes in sleep
should be attributed to changes in alcohol use because data were not presented separately for
alcohol users versus nonusers.19 For dependent users, long-term alcohol abstinence may
result in modest sleep improvement.>152 However, even after years of abstinence, many
sleep problems may persist, including shorter sleep duration, lighter sleep, and greater sleep
fragmentation (see 23). In addition, research investigating sleep and alcohol cessation in
dependent users often focuses on the acute withdrawal stage. As with caffeine, tolerance to
alcohol's sleep-disrupting effects occurs within days, and sleep parameters return to baseline
for healthy nondependent individuals, even at high doses of alcohol administration.4”48 In
contrast, alcohol-dependent individuals suffer from chronic sleep disturbance, which may
suggest that they do not habituate to alcohol's effects on sleep or that the dosage and timing
of chronic users may elicit systematically different effects than in light or non-drinkers.
Chronic alcohol use may result in lasting alterations to key physiological systems which
contribute to sleep regulation.>* Further, acute nighttime withdrawal symptoms may
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perpetuate sleep problems resulting from acute use,®® which can exacerbate other alcohol-
related withdrawal symptoms and ultimately increase risk for alcohol relapse.48

Translation of alcohol's influence on sleep into effective sleep-promoting recommendations
is somewhat complicated and requires additional attention to several key factors, such as
alcohol amount and timing. To date, most evidence is based on alcohol administration
within 60 minutes of bedtime, and few studies have examined the effect of late afternoon or
early evening drinking on nocturnal sleep, although there are several circumstances in which
this type of drinking may occur (e.g., consumption of alcohol during “happy hour”
immediately after work or during afternoon and evening meals). Landolt and colleagues
administered alcohol to 10 middle-aged men 6 hours before bedtime.>® Although breath
alcohol levels had reached zero by bedtime, the reported effects on PSG-assessed sleep were
similar to those found with bedtime administration. These findings were consistent with an
earlier study in 4 healthy participants,” but have not yet been replicated, and plausible
mechanisms to explain alcohol's effect on sleep following its metabolism have not yet been
clearly identified and tested.

In addition to timing, the alcohol amounts should be considered when defining behavioral
guidelines. Studies in healthy adults have generally shown a dose-response relationship
between the amount of alcohol consumed and sleep onset and depth, suggesting that higher
doses of alcohol are associated with worse sleep (see 47-49). Effects are typically smaller and
less consistent at lower doses of alcohol, which suggests that occasional and light
consumption (1-3 standard drinks#®) may be less likely to disrupt sleep than moderate or
heavy doses. Recommendations regarding absolute amounts of alcohol, however, should
consider the gender of the individual as data suggest women's blood alcohol levels are
significantly higher than men's after consuming the same amount and type of alcohol.58

In sum, for non-dependent individuals, occasional consumption of alcohol (even light
amounts) shortly before bedtime can impair sleep that night. The impact of afternoon or
early evening alcohol use on sleep is not yet clearly understood. For alcohol-dependent
individuals, chronic sleep problems are common, which are exacerbated during acute
alcohol withdrawal. Thus, the effectiveness of this sleep hygiene recommendation for
alcohol-dependent individuals is not well known. Additional research should consider
alcohol cessation and sleep for a variety of naturalistic alcohol use patterns (e.g., dependent
users, habitual weekend drinkers, daily glass of wine with dinner) to more clearly identify
use patterns that increase risk for sleep problems and should be targeted in sleep hygiene
recommendations. Also, future research should investigate the collective effect of alcohol
use with other substances and more carefully explore their combined impact on sleep. For
example, alcohol and cigarettes are often used simultaneously, and some alcoholic
beverages may be combined with caffeinated beverages (e.g., coffee, soda, energy drinks),5
making their effects on sleep difficult to predict. These aspects of alcohol use warrant
further investigation in order to provide behavioral recommendations that are meaningful to
a broader audience.
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Regular exercise is a common sleep hygiene recommendation, with the caveat that exercise
should be avoided close to bedtime.3 Although its mechanisms are largely unknown,
exercise may improve sleep through its effects on body temperature, arousal, and/or
adenosine levels.50 Despite recommendation regarding the sleep-enhancing benefits of
habitual exercise, much of the evidence is based on examination of the impact of acute bouts
of exercise on a subsequent night's sleep. Two meta-analyses found that acute exercise
produces modest increases in PSG-assessed TST, NREM stage 2 sleep, SWS, and latency to
REM sleep, as well as a small reduction in SOL,51:62 though these findings are somewhat
limited due to the reliance upon young adult participants without sleep disturbances.62 To
date, only one study has examined the effects of acute exercise on sleep in adults with
insomnia; in this study, an acute bout of moderate-intensity aerobic exercise performed in
the late afternoon substantially improved PSG- and diary-assessed SOL and TST on the
subsequent night, whereas neither high-intensity aerobic exercise nor moderate- or high-
intensity resistance exercise altered sleep compared to a baseline night.53 Taken together,
this evidence suggests that an acute bout of exercise is likely to result in a modest
improvement in the subsequent night's sleep, but this claim should be confirmed in more
representative samples of individuals with nonclinical sleep complaints.

Other studies have focused on the impact of exercise training (i.e., = 4 weeks of exercise at a
specific weekly dose) on sleep in various populations with sleep disturbance, most
prominently in older adults. Across these studies, a moderate-sized improvement in
subjective sleep quality following exercise training is the most consistent finding;%* the few
studies that assessed sleep with PSG have produced equivocal findings. Less is known
regarding the effect of exercise training on sleep in healthy individuals, though a meta-
analysis suggested that the effects of chronic exercise on PSG-assessed sleep in young adults
without sleep disturbances were similar to those observed for acute exercise (e.g., increased
TST and SWS, decreased SOL).61 Thus, for those with and without sleep complaints,
exercise training is associated with modest improvements in sleep.

Evidence-based recommendations regarding exercise are difficult to substantiate due to its
numerous components (e.g., duration, mode, intensity, timing), as well as whether an acute
exercise bout or an exercise training regimen is being considered. From earlier meta-
analyses, duration of exercise moderated the acute effects of exercise on TST; the largest
increases in TST were seen with exercise longer than 60 minutes. The mode of exercise
performed (e.g., walking, resistance exercise) and participant's level of fitness generally
were not significant moderators.61.62 The extent to which these findings may differ in
individuals with subclinical sleep problems is not clear. Training studies have typically
employed moderate-intensity aerobic exercise and/or moderate-intensity resistance exercise
at doses that approximate public health guidelines; however, direct comparisons between
different modes of exercise have not been performed in those with subclinical sleep
problems. Direct comparisons of different doses of exercise have also been rare: Singh et al.
found similar improvements in subjective sleep quality between low- and high-intensity
resistance exercise in older adults,%° whereas Kline and colleagues found a dose-response
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relationship between the weekly duration of moderate-intensity aerobic exercise and
improvement in subjective sleep quality in postmenopausal women.56

The timing of exercise is another important factor that may impact sleep, especially in light
of the common warning that exercising too close to bedtime could increase physiological
arousal and disrupt subsequent sleep. However, as reviewed by Youngstedt, it is also
plausible that exercising close to bedtime may improve sleep due to the acute body-heating,
anxiolytic and antidepressant effects of exercise.50 The effects of exercise on core body
temperature may be especially important during the afternoon or evening, as sleep onset
typically coincides with the rapid decline in body temperature®’ and exercise increases the
rate of decline in body temperature by initially raising core body temperature.8 According
to a meta-analysis, exercising 4-8 h prior to bedtime has the most robust effects on
subsequent sleep compared to all other times of day, including decreased PSG-assessed SOL
and WASO.52 However, studies have also found that exercising within 4 hours of bedtime
does not disrupt®® or even improves subsequent sleep.’® These results were achieved even
though exercise induced increases in heart rate and core body temperature that, in some
cases, remained elevated at bedtime.89 These findings were further confirmed by a recent
epidemiologic survey of 1000 adults which reported that nighttime exercise was not
associated with poor sleep.”! Thus, the available evidence does not support the claim that
late-night exercise disturbs sleep in the general population.

Overall, accumulating research suggests that exercise may be a useful behavioral approach
for reducing sleep disturbance. However, exercise is a complex behavior with multiple
facets to consider (e.g., mode, duration, intensity, timing), and these factors have not been
sufficiently examined to allow for specific behavioral recommendations regarding the
impact of exercise on sleep in the general population. Future research, conducted in adults
with nonclinical sleep complaints, should directly compare different modes and doses of
exercise, differentiate between acute and chronic effects of exercise on sleep, and evaluate
the impact of exercise timing on sleep. It will be important to explore bidirectional links
between exercise and sleep, as recent data suggest that sleep may be an important predictor
of physical activity participation the following day.’2 Also unknown is whether the effects
of exercise on sleep are similar across genders, age groups, and differing fitness levels.
These research directions will help clarify the relationship between exercise and sleep and
inform evidence-based recommendations on how exercise could be optimally prescribed to
improve sleep in the general population.

Although stress is not traditionally a core component of sleep hygiene, several
recommendations have emerged over the years encouraging individuals to reduce worry or
engage in relaxing activities, particularly right before bedtime.3 For the purpose of the
present review, the term stress refers to an event or events that lead to acute or chronic
physiological (increased heart rate and blood pressure) and psychological (anxiousness,
vigilance) responses. Stress can precipitate cognitive arousal (i.e., worry) and physiological
arousal, which are both antithetical to problems with sleep initiation and maintenance.
Indeed, numerous studies have observed an association between psychosocial stress and
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sleep (see 73). Psychological stress increases psychophysiological arousal which is thought
to be a primary mechanism through which stress disrupts sleep, particularly when the
arousal is present at bedtime. For example, Morin and colleagues found that cognitive pre-
sleep arousal (i.e., rumination before bedtime) mediated the association between daily
stressors and subjective sleep quality.”* Further, Hall and colleagues found that exposure to
acute anticipatory stress close to bedtime resulted in increased sympathetic arousal,
wakefulness throughout the night and less restorative sleep as measured by PSG.”® Thus,
stress management techniques (encompassing those described in sleep hygiene
recommendations) have been proposed to reduce arousal associated with psychosocial
stress. Designated worry time or writing a worry list has been shown to reduce sleep
complaints in some individuals,’® but limited data are available to confirm these results,
particularly in nonclinical samples.

Techniques known to reduce stress and arousal, such as relaxation and mindfulness-based
stress reduction, have been examined in relation to sleep and have provided some
preliminary support for stress management as an effective recommendation to promote
sleep. A number of specific relaxation techniques are available, and most have been linked
to improved sleep in individuals with insomnia (see brief review in 77-79). Borkovec and
Fowles suggested that relaxation is not directly responsible for better sleep, but rather,
relaxation is focused attention that is incompatible with cognitive arousal.89 To that end,
mindfulness, which is described as focused attention on the present moment without
judgment, 82 has been utilized to reduce stress in multiple populations82 and has been
associated with improved subjective sleep quality. For example, in a small community
sample, individuals who participated in an 8-week mindfulness meditation course which
resulted in post-course improvements in self-reported sleep.83 Similarly, college students
who increased their mindfulness through a meditative movement course experienced a
significant reduction in perceived stress, which was associated with better subjective sleep
quality.84 Mindfulness training has also successfully reduced pre-sleep arousal and worry in
individuals with insomnia.8® Overall, this work provides promising findings to support the
role of stress management in improving sleep, though many of these studies relied on
subjective sleep assessments. It is not yet clear whether a specific focus on stress reduction
conveys any benefit to sleep above and beyond general reduction in arousal.

Perhaps moreso than with any other sleep hygiene component, attention to individual
differences is important for the reduction of stress-related arousal and its subsequent effects
on sleep. For many individuals, the effects of acute psychosocial stress on sleep may resolve
when the stressor is resolved.86:87 However, an individual's perception of stress and coping
style can exacerbate or prolong stress’ impact on sleep.”488 For example, individuals who
describe themselves as sensitive to stress had more arousals and more sleep stage transitions
as measured by PSG.89 In addition, concurrent psychopathology may further exacerbate
stress and negatively influence sleep. Thus, individual circumstances will likely influence
the utility of stress management recommendations. In the absence of clinical guidance, it is
challenging to direct individuals toward the stress management technique most appropriate
to their needs (e.g., constructive worry, relaxation, mindfulness). Future research efforts
might consider the process by which the general population can evaluate their personal
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experience of stress and pre-sleep arousal and identify effective strategies to address them,
thereby improving sleep.

Noise is a relatively clear source of sleep disturbance, and sleep hygiene recommendations
frequently advise individuals to minimize noise in their sleeping environment. However,
nocturnal noises within one's normal surroundings (e.g., local traffic, music, plumbing) have
the potential to impact sleep, even if they are not consciously observed. The extant literature
has employed a wide range of methodologies to evaluate the impact of noise during sleep. In
general, nocturnal noise increases number of arousals and results in lighter sleep (increased
Stage 1 and 2 and/or suppressed SWS and REM sleep; see 1190 for reviews). Laboratory
studies using PSG have reported habituation to noise exposure during sleep within a few
days.91:92 However, autonomic arousal during sleep and subjective sleep complaints have
not been shown to habituate within the limited time window employed in these studies (i.e.,
a few weeks).?1:92 Research suggests that the relationship between noise and sleep is
moderated by characteristics of the noise itself (e.g., continuity, type, relevance) and to
individual differences in noise sensitivity (see 11). Additional research employing strict
methodologies to investigate the impact of environmental noise on sleep, particularly in the
natural environment, could provide useful information to help individuals identify noises
that are most likely to disrupt their sleep.

Even when the source of the noise is not directly modifiable, evidence-based strategies can
be used to reduce the impact of noise on sleep. Much of this work has been conducted in the
context of the intensive care unit (ICU) to improve patients’ sleep. As reviewed by Xie and
colleagues, both sound-reducing (i.e., ear plugs) and sound-masking (i.e., white noise)
strategies have been shown to improve sleep in ICU patients.%3 Additional research has
investigated the efficacy of traffic noise reduction strategies in the home environment and
found modest sleep improvement, including reduced SOL, %4 increased SWS,%49° and
improved subjective sleep quality.92:96 Future research on the impact of noise on sleep
might continue to examine noise management strategies in environments representative of
the general population, and evaluate individual differences in the preference and efficacy of
various sound-attenuating strategies including important effect modifiers (e.g., age). In sum,
the sleep hygiene recommendation to reduce noise in the sleeping environment appears
sound, and the continued development and testing of noise management strategies will
provide the tools required for individuals to comply with this recommendation.

Sleep timing regularity

Sleep hygiene recommendations often encourage regular bed- and/or wake-times which are
intended to maximize the synchrony between physiological sleep drive, circadian rhythms,
and the nocturnal sleep episode 3. Homeostatic sleep drive and the circadian system work
together to promote stable patterns of sleep and wakefulness.®” Sleep duration and
continuity are worsened when the primary sleep episode is advanced (i.e., shifted earlier) or
delayed (shifted later) from one's habitual timing of sleep, such as changes in sleep patterns
associated with jet lag or rotating shift work (see 98). In addition, irregular bed- and wake-
times increase inter-night variability in sleep timing which, in turn, results in desynchrony
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between sleep-wake timing and other endogenous circadian rhythms. In clinical populations,
research has suggested that individuals with insomnia have more inter-night variability in
sleep timing®9:100 and self-reported and actigraphy-assessed sleep characteristics.100
Therefore, some sleep hygiene recommendations encourage regularity of sleep timing. On
the other hand, current clinical sleep medicine therapies (i.e., stimulus control, CBT-I) call
for regularity in wake time but permit variability in bedtime as individuals are instructed not
to go to bed until they are sleepy.101 These treatments are effective at improving sleep in
clinical populations, but the isolated benefit of the sleep timing component is not known,
and the extent to which a sleep timing recommendation is effective in the absence of a
clinician's guidance is unclear.

Several studies of nonclinical adult populations have examined the association between
sleep timing regularity and sleep. Though not entirely consistent,102 these data typically
suggest that irregular sleep schedules are associated with greater daytime sleepinessi3 and
worse self-reported sleep quality.194.105 However, these data are somewhat limited by the
self-report nature of both the sleep timing and sleep characteristics, which may be similarly
biased by participant recall. Additional aspects of sleep timing may influence its impact on
nocturnal sleep, such as differences between weekday and weekend schedules or the relative
importance of regularity in wake time as compared to bedtime.1%6 Future work should aim
to replicate these findings using objective verification of sleep timing and sleep
characteristics. Greater lifestyle regularity has also been associated with better sleep,107
though the specific contribution of sleep timing cannot be determined.

To date, only a few studies have directly tested the efficacy of this recommendation by
assigning individuals to adopt a regular sleep schedule and observing the effects on
subsequent sleep. Bonnet and Alter recruited 12 college students with irregular bed- and
wake-times, and assigned them to a regular sleep schedule in a sleep laboratory for 38
consecutive nights, with time in bed remaining consistent with baseline.108 Compared to the
2-week baseline period, the regular sleep schedule resulted in increased self-reported
awakenings with no significant changes in PSG-assessed sleep. Similarly, Takasu and
colleagues assigned a rigid sleep schedule to 14 college students with irregular baseline
sleep timing and found no significant changes in actigraphy-assessed sleep or self-reported
sleepiness and alertness after 6 days.109 Neither study recruited participants based on
presence of sleep problems which, combined with small sample sizes, could explain these
null findings. Youngstedt and colleagues recruited a sample of older adults with long self-
reported sleep duration to examine the effect of a 90-minute reduction of time in bed.110
Both experimental and control groups followed a fixed sleep-wake schedule for 8 weeks and
results indicated that the control group (with no reduction of time in bed) experienced a
significant decrease in actigraphy-assessed SE from baseline. Again, participants had no
other sleep complaints at baseline. In contrast, Manber and colleagues recruited 39 college
students who reported both irregular sleep schedules and excessive daytime sleepiness.111
Participants assigned to a 4-week regular sleep-wake schedule reported significantly
decreased daytime sleepiness compared with controls. Authors also noted decreased SOL
and increased SE from baseline to post-intervention, but these changes were not
significantly different between groups.
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In sum, the evidence demonstrates a clear association between sleep schedule irregularity
and sleep problems, though the data in nonclinical samples are somewhat limited by their
self-report nature. Research investigating the impact of changing from an irregular to a
regular sleep schedule may not generalize to the population most likely to use sleep hygiene
recommendations because the participants did not have any sleep complaints. Though
untested, it is plausible that a dose-response relationship may exist between sleep timing
regularity and sleep problems, which could help explain the discrepant benefits of sleep
timing regularity between individuals with insomnia and individuals without sleep
complaints. Future research should examine the validity of this sleep hygiene
recommendation in samples likely to use it (i.e., individuals with nonclinical sleep
complaints) using objective assessments of both sleep timing and sleep characteristics. In
light of current clinical practices, bedtime regularity should not be used as a general
recommendation and future research could examine the relative impact of fixing bed and/or
wake times to clarify these effects in a nonclinical population.

Daytime napping has also been posited to disrupt the homeostatic sleep drive, and sleep
hygiene recommendations often include the recommendation to avoid naps of greater than
30 minutes (see 3). Research on the association between daytime napping and nocturnal
sleep has focused primarily on older adults. Contrary to expectations, the majority of this
work has identified no significant association between daytime napping and nocturnal sleep,
whether assessed by self-report,112113 actigraphy,114 or PSG.112.115 Similarly, in a group of
healthy, young and middle-aged adults, Pilcher and colleagues found no significant
association between daytime napping and self-reported nocturnal sleep.118 A few exceptions
do exist, reporting that, in older adults, daytime napping is associated with more self-
reported sleep problems!” and greater actigraphy-assessed WASO and fragmentation and
lower SE.113 Typically, naps in these participants were longer than 30 minutes, and these
data do not support a strong relationship between daytime napping and nocturnal sleep in the
general population. However, these data are not entirely consistent, warranting consideration
of experimental data regarding napping and nocturnal sleep.

In addition to correlational research, several studies have directly tested the impact of
napping on nocturnal sleep by introducing a daytime nap (ranging from 1 day to 1 month of
napping) and observing its effects on subsequent sleep. Three such studies in samples of
midlife women and older adults reported no changes in PSG-assessed nocturnal sleep
following daytime napping.118-120 Similarly, Campbell and colleagues reported no
significant changes in PSG-assessed sleep of older adults following a daytime nap, with the
exception of a small but significant increase in SOL (from 16 to 22 minutes).12! In contrast,
others have found that implementing a daytime napping schedule does negatively impact
PSG-assessed sleep. Monk and colleagues compared the sleep of older adults following
counterbalanced assignment to 2 weeks of afternoon napping for 90 min/day and 2 weeks of
sedentary control.122 Self-reported sleep did not differ between the two conditions, but PSG-
assessed sleep following the nap condition was worse in comparison to sleep following the
no-nap control. Specifically, results revealed shorter TST, lower SE, and earlier wake times
following 2 weeks of daily afternoon napping. However, in light of more positive findings
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that objective evening sleepiness was decreased during the nap condition, the authors
concluded that a 90-minute afternoon nap would have very minimal adverse effects on
nocturnal sleep of healthy older adults.122 Only one study to date has manipulated napping
in healthy young adults. Werth and colleagues compared baseline PSG-assessed sleep to
nocturnal sleep following one evening nap.123 Results indicated that napping was harmful to
several characteristics of nocturnal sleep including PSG-assessed TST, SE, SWS, REM
latency, spectral slow wave activity, and self-reported SOL. Thus, the data directly
examining napping's effect on nocturnal sleep are inconclusive. No study to date has
actually examined the effects of eliminating napping in a nonclinical sample in an attempt to
improve the sleep of habitual nappers (i.e., following the sleep hygiene recommendation to
avoid daytime naps), and thus direct empirical support for this recommendation is presently
limited.

Specific characteristics of the nap itself may be considered in further refining sleep hygiene
recommendations regarding napping. The duration of the nap may influence the extent to
which it interferes with endogenous sleep rhythms. Although evidence clearly demonstrates
that short naps (< 30 minutes) are beneficial to cognitive performance, alertness, and mood
(see 124,125), this 30 minute threshold may not apply to the effects of napping on nocturnal
sleep. Indeed, many of the null findings reported above included naps of greater than 30
minutes. Pilcher and colleagues directly compared the effects of nap duration (no nap, <20
minute nap, >20 minute nap) for 7 days and found no significant associations between any
nap duration and self-reported nocturnal sleep.126 In addition, few studies have directly
evaluated nap timing. Evening naps, in particular, may be problematic if they dissipate
homeostatic drive, thus interfering with nocturnal sleep. Yoon and colleagues examined
evening naps in postmenopausal women and found that evening nap duration was associated
with earlier wake times and more daytime napping.12” Surprisingly, this study also found
that evening nappers had higher actigraphy-assessed SE and lower WASQO than non-evening
nappers. Another study of older adults reported similar positive findings, such that
individuals who napped during the daytime and evening had lower actigraphy-assessed SOL
and WASO and higher SE than individuals who napped during the daytime only.128 In
contrast to these habitual, naturalistic naps, an assigned evening nap was shown to
negatively impact PSG-assessed sleep, though this study only recorded one day of
napping.123 Overall, there are insufficient data to inform modification of recommendations
regarding nap timing or duration.

Future investigations of napping and nocturnal sleep would benefit from an increased
emphasis on the impact of changing napping behavior on subsequent nocturnal sleep. In
addition to considering nap characteristics such as duration and timing, future work should
address some methodological limitations with the present literature. The majority of this
work has been performed in laboratory settings with scheduled nap opportunities. Additional
research in more naturalistic settings is required and further investigation should consider
the effects of habitual napping. Regular napping is a routine practice for many individuals
(see 124125) puyt it is not yet known whether nocturnal sleep habituates to the influence of
daytime napping, similar to habituation to daytime caffeine. Also, habitual nappers may
have a stronger 24-hour sleep drive and therefore are able to nap without impacting
nighttime sleep. It is not yet known whether occasional nappers are more vulnerable than
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habitual nappers to the effects of napping on nocturnal sleep. As with other sleep hygiene
components, individual differences are also likely to influence the consequences of daytime
napping on nocturnal sleep. In particular, age is highly relevant to natural changes in
circadian rhythms as well as lifestyle and health-related factors which may influence sleep
timing.129 For example, Yoon and colleagues compared napping between young and older
adults and found that older adults were more likely to nap in the evening while younger
adults were more likely to nap in the afternoon.30 Further, the relationships between naps
and nocturnal sleep differed by age. Older adult evening nappers had shorter SOL, earlier
wake times, and earlier circadian phase compared with older adults who did not take
evening naps, whereas young adults who napped in the afternoon did not differ in nocturnal
sleep from young adults who did not nap in the afternoon.3 These findings demonstrate the
importance of extension of this research into a variety of populations and contexts. In sum,
only limited research is available to support the common sleep hygiene recommendation to
avoid naps, which may suggest that this particular recommendation is not applicable to the
nonclinical population. Additional research in a broader range of contexts and populations
would be required to determine if (and under which circumstances) avoidance of naps may
improve sleep in the general adult population.

Conclusions

The present review evaluated the empirical support for individual sleep hygiene
recommendations for adults with nonclinical sleep problems. Specifically, we performed a
selective review of research investigating the impact of caffeine use, smoking, alcohol use,
exercise, stress management, noise, sleep timing, and napping on nocturnal sleep
characteristics. Epidemiologic and laboratory research provide some support for the
relationships between individual sleep hygiene components and sleep, and each
recommendation is supported by plausible physiological and psychosocial mechanisms.
However, the present review identified several critical gaps in the current evidence for the
use of sleep hygiene recommendations in the general population. First, direct evaluation of
the effects of following sleep hygiene recommendations is scant and inconclusive for many
individual recommendations. Such data are necessary to validate the extrapolation from
sleep disruption studies (e.g., does administering caffeine result in impaired sleep?) to sleep
hygiene recommendations (e.g., does abstaining from caffeine result in improved sleep?).
Overall, it seems that simple extrapolation may not be appropriate, as effects are far more
robust for experimental sleep disruption studies than for intervention studies designed to
improve sleep. This may be due, in part, to the original aims of the investigators because
sleep disruption studies were not typically designed to test sleep hygiene recommendations.
Future work should continue to evaluate behavioral strategies to improve sleep and address
methodological and sample limitations of the extant literature.

Second, current recommendations are somewhat vague and inconsistent, and the evidence is
often based on extreme circumstances. For example, the most consistent finding regarding
caffeine and sleep is that large doses of caffeine just before bedtime have a negative impact
on sleep. However, this evidence may not apply to individuals who do not consume large
amounts of caffeine near bedtime. Similarly, with regard to smoking and alcohol use, the
effects of light and occasional use are far less clear than the effects of dependent use.
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Though both acute exercise and habitual exercise training seem to confer modest
improvements in sleep, the extant literature does not provide conclusive evidence regarding
how to optimize the timing, mode, and dose of exercise to enhance sleep. This does not
imply that these recommendations cannot be useful for the general population, but processes
should be developed to assist individuals with evaluating their specific circumstances and
identifying those behaviors most likely to result in sleep disruption. Across individual
recommendations, additional research to inform more specific guidelines and cover a
broader spectrum of sleep hygiene behavior would be beneficial.

Finally, certain recommendations would benefit from additional guidance regarding
implementation of change. For example, noise reduction and stress management techniques
are encouraged, but little guidance is available regarding techniques to use in particular
circumstances; consequently, it is up to individuals to identify and employ appropriate
strategies. Overall, the limited support for individual sleep hygiene recommendations in the
general adult population is not the result of null effects, but rather the substantial need for
replication and extension of current work. Sleep hygiene education has the potential to be a
key strategy for improving sleep in the general population, and future research has the
potential to extend its utility and evaluate its effectiveness.

In order to maximize the utility of sleep hygiene education in the general population, future
research should address several key issues. First, the field would benefit from studies of
sleep hygiene recommendations that are applicable to natural behavior patterns. Most sleep
hygiene recommendations draw upon research that was not intended to test the validity of
behavioral recommendations to improve sleep. Thus, much of the empirical foundation for
sleep hygiene recommendations in the general population has tested artificial, and often
extreme, behaviors in laboratory settings. Laboratory studies have been effective in
demonstrating basic effects, but this work should be expanded to examine sleep hygiene
behaviors in their naturalistic context. In particular, the impact of habituation should be
carefully considered, as it may inform modification of existing recommendations. For
example, tolerance to the sleep-disrupting effects of acute caffeine use develops within days,
so it is likely more informative to consider an individual's deviation from regular use, as
opposed to their habitual daily intake. Regular use of alcohol and nicotine also results in
tolerance and dependence, which may moderate their effects on sleep. Thus, different
recommendations that take into account the sleep-disrupting effects of substance withdrawal
might be needed for dependent and nondependent users of these substances. Future research
investigating the impact of naturalistic behavior patterns on sleep will help develop sleep
hygiene recommendations that are applicable and appropriate for a broader audience.

The complex interplay between behavioral and environmental patterns must also be
considered in the context of sleep hygiene. Modification of one sleep hygiene behavior may
lead to unintended (and sometimes undesirable) changes in other behaviors. For example,
caffeine withdrawal has been associated with increased stress and decreased exercise, 131
which could result in a counterproductive adverse impact on sleep. Similarly, a reduction in
napping may lead to increased caffeine use to combat daytime sleepiness.124 In contrast,
some combinations of sleep hygiene components may result in more collective sleep
improvement. For example, daily exercise has been shown to decrease sleep disturbance
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during smoking cessation.}32 Thus, it is important for future research to evaluate these
interrelationships among sleep hygiene components as they relate to sleep disturbance.
Individuals attempting to improve their sleep with sleep hygiene recommendations should
be made aware of the potential benefits and consequences of modifying multiple aspects of
their behavior and, ultimately, attempts should be made to develop guidelines to assist
individuals in navigating the complex process of multiple behavior change. A
comprehensive lifestyle approach to sleep hygiene education would also be enhanced by
further investigation into other behavioral and environmental factors known to impact sleep,
such as use of nighttime television and electronic devices, interpersonal environment, and
use of over-the-counter sleep aids (e.g., melatonin).

In addition, as noted in the present review and others,3:11:23.3747.124 jncreased attention must
be dedicated to understanding individual differences in the use and effectiveness of sleep
hygiene recommendations. Many factors may affect the prevalence, nature, and impact of
sleep-disrupting behaviors (e.g., age, gender, genetic polymorphisms, education, comorbid
health conditions, social or occupational demands). In an early, personalized approach to
sleep hygiene education, Hauri proposed one-time consultations to provide 2-4 personalized
sleep hygiene recommendations to adults with insomnia.”® The majority of patients reported
that they tried the personalized recommendations and, with the exception of eliminating
alarm clocks, over two-thirds of patients felt the recommendations helped them sleep at one-
month follow-up, and many of these perceived benefits were retained over one year. Others
have implemented individualized sleep hygiene recommendations in medical patient
populations and have reported improvements in subjective sleep quality,17:133 but not
actigraphy-assessed sleep.1” Identification of reliable effect modifiers in future research will
be critical to identifying in whom and under what circumstances specific sleep hygiene
recommendations will be most effective and will allow for the development of a
personalized form of sleep hygiene education appropriate for the general population.

Finally, it is important to note that poor sleep hygiene practices may be a compensatory
response to sleep problems or disorders (e.g., self-medicating with alcohol, increased use of
caffeine for daytime sleepiness). If these behaviors exist solely as a direct result of the sleep
problems, modification of these behaviors is not likely to resolve the underlying sleep
problem. The bidirectional relationship between waking behavior and sleep is quite complex
with each positioned to influence the other. Thus, it can be difficult to identify the most
appropriate target for intervention. In a recent study, Irish and colleagues examined the
bidirectional influence of actigraphy-assessed sleep characteristics and waking health
behaviors in midlife women. Results indicated that weekly patterns of caffeine use, alcohol
use, and smoking predicted some subsequent sleep characteristics, but that sleep did not
predict subsequent behaviors.134 This may suggest that targeting waking behaviors (e.g.,
sleep hygiene education) has more potential to impact sleep than vice versa, but conclusions
are limited by the low prevalence of waking behaviors in this sample.134 Ultimately,
modification of behaviors is a reasonable approach to sleep improvement efforts, but it is
important to remember that sleep will, in turn, exert influence over subsequent waking
behaviors and that some sleep problems (e.g., severe insomnia, obstructive sleep apnea) will
require additional forms of treatment.
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In conclusion, future research should aim to substantiate and improve the efficacy of
specific sleep hygiene recommendations in the general population. This is especially
important given its cost-effectiveness, ease of dissemination, and accessibility. These
questions are critical to public health given current trends in sleep patterns, including
subclinical sleep complaints in the general population.13® Sleep hygiene education may find
a new purpose in the promotion of sleep and population health.
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