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Abstract
Circadian rhythm sleep disorders are characterized by complaints of insomnia and excessive
sleepiness that are primarily due to alterations in the internal circadian timing system or a
misalignment between the timing of sleep and the 24-hour social and physical environment. In
addition to physiological and environmental factors, maladaptive behaviors often play an important
role in the development of many of the circadian rhythm sleep disorders. This review will focus on
the clinical approach to the diagnosis and management of the various circadian rhythm sleep
disorders, including delayed sleep phase disorder, advanced sleep phase disorder, non-entrained type,
irregular sleep-wake rhythm, shift work sleep disorder and jet lag disorder. Diagnostic tools such as
sleep diaries and wrist activity monitoring are often useful in confirming the diagnosis. Because
behavioral and environmental factors often are involved in the development of these conditions, a
multimodal approach is usually necessary. Interventions include sleep hygiene education, timed
exposure to bright light as well as avoidance of bright light at the wrong time of the day and
pharmacologic approaches, such as melatonin. However, it should be noted that the use of melatonin
is not an FDA-approved indication for the treatment of circadian rhythm sleep disorders.
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Introduction
Circadian rhythms are generated by a central pacemaker, the suprachiasmatic nucleus (SCN)
in the anterior hypothalamus, and are synchronized to the external environment.1–3 At the
molecular level, circadian clock gene proteins oscillate by means of an autoregulatory feedback
loop, generating a self-sustained timing system that is highly regulated with a period of about
24 hours.4–6
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Current understanding of the sleep-wake cycle indicates that human sleep and wake behaviors
are generated by a complex interaction of endogenous circadian and sleep homeostatic
processes. The homeostatic process of sleep accumulates as a function of prior wakefulness.
7 An essential role of the circadian clock is to promote wakefulness during the day and, thus,
facilitate consolidation of sleep during the night.8–10 In humans, the propensity to fall asleep,
as measured by multiple sleep latency tests, shows a biphasic circadian rhythm. In most
individuals, there is a midday decrease in alertness occurring at around 2–4 p.m., followed by
an increase in alertness that peaks during early to mid-evening hours, then it declines to its
lowest levels around 4–6 a.m. During the early evening hours, when the homeostatic drive for
sleep is high, the circadian alerting signal is also at its highest level.11–14 Thus, the circadian
system plays an important role in determining the temporal distribution and duration of sleep
and wakefulness.

Optimal sleep quality is achieved when the desired sleep time is aligned with the timing of the
endogenous circadian rhythm of sleep and wake propensity. Circadian rhythm sleep disorders
(CRSDs) arise from disruption of the circadian timing system or a misalignment between the
endogenous circadian timing and the external 24-hour social and physical environment,
resulting in complaints of insomnia and/or excessive sleepiness and impairment in important
areas of functioning and quality of life. The actual clinical presentation of CRSD is often
influenced by a combination of physiological, behavioral, and environmental factors.

The classification and diagnostic criteria for CRSD and its subtypes discussed throughout this
manuscript are largely based on published criteria from the International Classification of Sleep
Disorders (ICSD-2)15 and Diagnostic and Statistical Manual of Mental Disorders (DSM IV-
TR).16 In this section, we will review current clinical approaches for the diagnosis and
management of the more commonly encountered CRSDs in clinical practice. However, it is
important to note that we currently do not have standardized clinical guidelines for the treatment
of these circadian-based sleep disorders.

Circadian Rhythm Sleep Disorder, Delayed Sleep Phase Type (Delayed Sleep
Phase Disorder, Delayed Sleep Phase Syndrome)
Clinical Features

Delayed sleep phase disorder (DSPD) is characterized by sleep times that are delayed three to
six hours relative to the desired or socially acceptable sleep-wake schedules.17 Patients
typically report difficulty falling asleep before 2–6 a.m. and, when free of social obligations,
such as on weekends and vacations, would prefer wake times between 10 a.m. and 1 p.m. When
following socially enforced sleep-wake times, patients will present with classical symptoms
of chronic sleep-onset insomnia and difficulty waking up in the morning for work, school or
social obligations.18 Quite often, DSPD patients relate this preference for delayed sleep-wake
times remains stable for many years. When using questionnaires to determine diurnal
preferences, such as the Horne-Ostberg questionnaire19, DSPD patients rate as “evening
types”. However, one must distinguish between an “evening type or owl” without complaints
from an individual with DSPD whose delayed sleep and wake times are accompanied by
insomnia and excessive sleepiness that result in functional impairments.20

Prevalence
It has been estimated that the prevalence of DSPD in the general population is between 0.13%–
0.17%.21, 22 DSPD is more common in adolescents, with a reported prevalence of 7–16%,
and may represent approximately 7% of patients presenting to sleep clinics with complaints of
chronic insomnia.17, 23
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Pathophysiology
Although the exact pathophysiologic mechanisms of DSPD remain poorly understood, it is
likely a result of multiple interacting genetic, physiological and behavioral factors. Suggestion
of a genetic basis for DSPD is supported by a report of one large family in which the DSPD
phenotype was shown to segregate as an autosomal dominant trait24, and recent evidence of
polymorphisms in the circadian rhythm genes, such as hPer3, arylalkylamine N-
acetyltransferase, HLA and Clock, in individuals with DSPD.25–28

Based on the fundamental properties of circadian and sleep regulation, several mechanisms
have been proposed to explain the persistently delayed sleep phase in this disorder. One
possible explanation is an alteration in entrainment of the circadian clock to synchronizing
agents. For example, individuals with DSPD may have an unusually small advance portion or
an unusually large delay portion of the phase response curve (PRC) to light.17 In addition,
behavioral factors such as decreased exposure to light during early morning (due to sleeping
later in the morning) and prolonged exposure to light later in the evening may contribute to the
delayed phase pattern.29 It has also been suggested that the delayed pattern may be due in part
to the finding that individuals with DSPD may be more sensitive to evening light.30

Although alterations in the circadian clock are commonly implicated as the underlying cause
of DSPD, there is evidence that alterations in homeostatic sleep regulation may also play a role
in the pathogenesis of this disorder. It is commonly accepted that sleep architecture is
essentially normal in DSPD when patients are allowed to maintain the desired sleep-wake
times17, 31–33. However, the finding that following a 24-hour period of sleep deprivation
DSPD patients had decreased ability to compensate for sleep loss during the day and the first
few hours of the night, 34, 35 suggests that changes in homeostatic regulation of sleep may
further contribute to daytime sleepiness and impaired functioning.

Diagnostic Evaluation and Differential Diagnosis
It is necessary to distinguish DSPD patients from “normal” delayed sleep patterns commonly
seen in adolescents and young adults who have delayed sleep schedules without experiencing
functional impairment or social distress. Although the diagnosis is made primarily by the
patient’s history, a sleep diary alone, or in conjunction with actigraphy for at least seven days
is recommended to confirm the stable delayed sleep and wake times.15 (Figure 1) Activity
monitoring (actigraphy) has become more widely available in recent years and has been shown
to be a useful tool in assessing sleep-wake patterns across multiple cycles.36 When the
diagnosis is unclear, or when a more accurate determination of circadian phase is indicated,
assessment of the timing of physiologic markers, such as dim light melatonin onset (DLMO)
or the nadir of the core temperature rhythm can provide additional diagnostic information. A
polysomnogram (PSG) is not routinely indicated for the diagnosis of DSPD but may be useful
in excluding other sleep disorders. Because of the comorbidity with affective disorders, a
careful psychiatric review of systems and a detailed history of psychoactive substance use
should be part of the routine evaluation.37

Clinical Management
Treatment should be tailored to the severity of symptoms, comorbid psychopathology, school
schedules, work obligations, ability and willingness of the patient and family to comply with
treatment, and social pressures.31, 38, 39 Current treatment options for DSPD include
chronotherapy, timed bright light exposure and melatonin. Exogenous melatonin is widely
available as a nutritional supplement that is not regulated by the Federal Drug Administration
(FDA).
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Chronotherapy is a behavioral approach in which the circadian clock is reset by progressively
delaying sleep and wake times by approximately three hours every two days, until the desired
sleep and wake times are achieved and maintained by adhering to a set sleep-wake schedule
and good sleep hygiene practices.17 However, the strict demands of chronotherapy, together
with the length of treatment, have limited its applicability and acceptance in clinical practice.
For all patients, adherence to a regular sleep wake schedule, avoidance of bright light in the
evening and sleep hygiene education are important elements in the approach to the clinical
management of DSPD patients.

One of the most commonly used treatments for DSPD is timed bright light exposure. Exposure
to bright light can reset the human circadian system, and the effects can be predicted by the
human PRC. Bright light exposure in the early morning (advance portion of the light PRC)
will advance the phase of circadian rhythms, while exposure to light in the evening (delay
portion of the light PRC) will cause phase delays. (Figure 2) Rosenthal and colleagues showed
that after two weeks of daily morning (7–9 a.m.) bright light exposure (2,500 lux) combined
with restricted evening light, subjects had earlier sleep times and reported subjective
improvement in morning alertness.40 Even though light therapy is widely accepted as being
effective, there are no established standardized guidelines regarding the duration, intensity or
timing of light exposure. The most commonly recommended approach is broad spectrum bright
light of 2,000–10,000 lux early morning (6–8 a.m.) for about 1–3 hours.41 In clinical practice,
one important limitation of light therapy is poor compliance because of the need to structure
social and professional activities around the timing of daily light exposure. Recent reports that
both light-induced phase shifts as well as melatonin suppression are most sensitive to short
wavelength light of approximately 460 nm (blue) could potentially decrease the intensity and
duration of phototherapy and, thus, improve compliance.42, 43 Studies are clearly needed to
determine the efficacy and safety of blue-green light for the treatment of DSPD.

In view of the clinical limitations encountered with chronotherapy and poor compliance with
phototherapy, melatonin has been increasingly investigated as a treatment venue. When taken
in the evening, melatonin advances the timing of circadian rhythms, whereas in the morning
it causes a delay in humans.44 It is useful to note that the melatonin PRC is approximately the
inverse of the PRC to light. (Figure 2) A recently published study in patients with DSPD showed
that the largest phase advance in the timing of circadian rhythms occurred when melatonin (0.3
or 3 mg) was given approximately 6–7 hours before sleep time.45 Despite the potential efficacy
of melatonin, a standardized approach for dose, duration and timing of melatonin for the
treatment of DSPD is lacking. This is largely due to lack of multicenter randomized placebo-
controlled studies and the inconsistent doses and schedules used among the various studies.
46–48 Table 1 provides a guideline for the use of melatonin that is based on the literature and
on our own clinical experience. Systematic data on the safety of melatonin, particularly with
regard to long-term use, is unknown. Side effects may include elevation in blood pressure,
headache, dizziness, nausea and drowsiness.49

Overall effectiveness can be improved by using a combination of chronotherapy, morning
phototherapy and late afternoon or early evening melatonin.50 It is clear that successful
treatment of DSPD requires an individualized approach using behavioral strategies, such as
morning bright light exposure, avoidance of evening light, and/or appropriately timed
melatonin. In addition, optimizing treatment of comorbid conditions and behavioral
interventions, including good sleep hygiene, should be the basic approach for all patients,
especially adolescents.
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Circadian Rhythm Sleep Disorder, Advanced Sleep Phase Type (Advanced
Sleep Phase Disorder, Advanced Sleep Syndrome)
Clinical Features

Advance sleep phase disorder (ASPD) is characterized by habitual and involuntary sleep times
(6–9 p.m.) and wake times (2–5 a.m.) that are several hours early relative to conventional and
desired times.51, 52 Patients with ASPD typically present with complaints of sleep
maintenance insomnia, early morning awakenings and sleepiness in the late afternoon or early
evening. In general, individuals with ASPD tend to have less difficulty adjusting to their
preferred earlier schedules than those with DSPD. Individuals with ASPD are often described
as “larks” and score as morning types on the Horne-Ostberg questionnaire.19

Prevalence
Non-age-related ASPD is believed to be rare, and there are only a few reported cases in the
literature.51, 53, 54 However, the prevalence tends to increase with age, and has been estimated
to be about 1% in middle age and older adults.55

Pathophysiology
As with DSPD, the exact pathophysiologic mechanisms underlying ASPD are unclear.
Proposed mechanisms include an unusually short endogenous circadian period (less than 24
hours)53, or changes in the interaction of circadian timing and sleep homeostatic regulation.
56 Furthermore, decreased exposure or weakened responses to entrainment agents such as light
and physical activity may also contribute to the advanced sleep phase, particularly in older
adults.57–59 Genetic factors are likely to play an important role in ASPD. Familial forms of
ASPD have been reported in which the phenotype segregates with an autosomal dominant
mode of inheritance.53, 54, 60 To date, mutations in the circadian clock hPer2 and CK1 delta
genes have been identified and linked to familial ASPD.61, 62

Diagnostic Evaluation and Differential Diagnosis
In addition to the clinical history, sleep diary and/or actigraphy for at least seven days should
be obtained to demonstrate a stable pattern of advanced sleep and wake times. (Figure 3) Other
physiologic markers of the circadian phase, such as DLMO and nadir core body temperature
show the expected advanced phase. As with most CRSDs, a PSG is not routinely indicated.
However, because both ASPD and comorbid sleep disorders, such as obstructive sleep apnea
and restless legs syndrome, increase with age, a careful assessment for these conditions is
important. Depression should always be considered in the differential diagnosis of ASPD, as
it also can present with complaints of early morning awakening.

Clinical Management
Current treatment options for ASPD include chronotherapy, timed exposure to bright light in
the evening and pharmacotherapy with hypnotics or melatonin. Chronotherapy progressively
advances sleep time by two hours every day until the desired sleep time is achieved.51 As
mentioned previously, chronotherapy is often impractical in clinical settings. The most
commonly recommended treatment for ASPD is timed bright light exposure in the evening,
usually between 7–9 p.m.41 (Figure 2) It has been shown that just two days of evening light
exposure can improve sleep and daytime performance in older adults with early morning
insomnia.63 Together, studies indicate that exposure to light in the evening can improve sleep
quality, increase total sleep time, and daytime performance in older adults with advanced
circadian phase and early morning insomnia.64–66
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Little data exists on the clinical usefulness of melatonin for the management of ASPD. In
theory, melatonin given in the early morning could delay the timing of circadian rhythms in
individuals with ASPD. However, taking melatonin too close to wake-up time could potentially
result in next-day residual sedation.

Circadian Rhythm Sleep Disorder, Free-Running Type (Non-entrained type,
Non-24-Hour Sleep Wake Syndrome, Hypernychthermal Syndrome)
Clinical Features

Non-24-hour sleep wake syndrome is characterized by a steady daily drift of the major sleep
and wake times. Because the endogenous circadian period in humans is usually slightly longer
than 24 hours, patients will report a progressive delay in the timing of sleep and wake times.
Attempting to maintain a regular sleep-wake schedule can lead to the development of
symptoms of insomnia, early morning awakenings and excessive sleepiness that varies in
intensity periodically. At times when the endogenous pacemaker is not in phase with the
conventional sleep and wake times, patients will report symptoms that cause impairment in
social, occupational or other areas of functioning. When the endogenous circadian rhythm is
in phase with sleep times, sleep is usually normal.

Epidemiology
It has been estimated that approximately 50% of totally blind people have non-entrained
circadian rhythms67 and about 70% have complaints of chronic sleep disturbances.68, 69 In
addition to non-entrained rhythms, advanced or delayed circadian rhythms with a period of 24
hours have also been reported in the blind.70 Although rare, non-entrained sleep and wake
patterns have also been reported in sighted individuals.71

Pathophysiology
Decreased or lack of photic reception is the most likely cause of non-entrained circadian
rhythms in blind people. However, despite absent visual light perception, the circadian clock
of some blind individuals can respond to bright light.72 This finding could be partially
explained by the recent finding that the major circadian photoreceptors are the melanopsin-
containing retinal ganglion cells, rather than the rods and cones.73 Furthermore, because the
circadian clock can also be entrained to scheduled social and physical activities, a decrease in
or lack of exposure to these nonphotic agents could further contribute to the development of a
non-entrained sleep pattern.

In sighted individuals, it has been suggested that non-entrained type could be a severe form of
DSPD.18 These individuals may have such an unusually long endogenous circadian period
that is beyond entrainment to a 24-hour day.74 This hypothesis is supported by reports of a
few DSPD patients who developed free-running rhythms following chronotherapy.75 Other
potential causes include a weakened response of the circadian clock to light or decreased
exposure to light and/or structured social and physical activities.71

Diagnostic Evaluation
Actigraphy and/or sleep diaries are useful in confirming the non-entrained pattern of sleep and
wake, but in order to appreciate the daily drift in the timing of the sleep-wake cycle they should
be recorded for at least two weeks.15 (Figure 4) PSG is not required for the diagnosis and
results may vary depending on when the study is performed. It should be essentially normal if
performed when the endogenous circadian rhythm is in phase with the conventional 24-hour
cycle.
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Clinical Management
Treatment options for non-entrained type circadian rhythm disorders in blind people include
attempting to synchronize the circadian pacemaker by using behavioral approaches such as
maintaining a regular schedule of sleep-wake times and social/work activities and
pharmacologic approaches, such as melatonin. Education regarding sleep hygiene, particularly
maintaining a regular schedule of activities is essential. Melatonin 10 mg given one hour before
bedtime has been shown to synchronize sleep-wake behaviors to a 24-hour period in blind
people with non-entrained circadian patterns.76 Entrainment can be maintained with lower
doses of 0.5 mg of melatonin given nightly.77

Much less is known regarding treatment approaches for sighted patients with non-24-hour
sleep-wake disorder. Attempts should be made to increase the regularity of work and sleep-
wake schedules, as well as the intensity and duration of bright light exposure during the day.
Very little is known regarding the use of melatonin in sighted persons. In a recent case report,
administration of melatonin in the evening to a sighted adolescent with non-24-hour sleep-
wake schedule disorder restored a normal sleep-wake cycle.78

Circadian Rhythm Sleep Disorder, Irregular Sleep-Wake Type (Irregular
Sleep-Wake Rhythm)

Irregular sleep-wake rhythm is characterized by the lack of a clearly identifiable circadian
pattern of sleep and wake times. Although total sleep time over 24 hours may be normal for
age, sleep and wake periods occur in short bouts throughout the day and night.

This disorder is most commonly seen in association with dementia, mental retardation and
brain injury.79–81 It has been suggested that both dysfunction of the central processes
responsible for the generation of circadian rhythms, as well as decreased exposure to external
synchronizing agents, such as light and social activities, play a role in the development and
maintenance of the irregular sleep-wake rhythm. Therefore, irregular sleep-wake rhythm
should be differentiated from poor sleep hygiene and voluntary maintenance of irregular
schedules.

The goal of treatment is to consolidate nocturnal sleep and improve daytime alertness.
Strategies involve increasing the intensity and duration of light exposure during the day,
limiting evening light exposure and structured social and physical activities.59, 82–85 Results
of light treatment studies in dementia indicate that increasing morning or evening light
exposure can improve circadian amplitude and consolidate nocturnal sleep as measured by
actigraphy.86, 87 Based on hourly recordings by nursing staff, morning bright light exposure
(2 hours at 3,000–5,000 lux) for four weeks increased nocturnal sleep time and decreased
daytime sleep time in patients with dementia.88 Therefore, behavioral interventions such as
increasing light exposure and physical and social activities during the day and decreasing
exposure to light and noise during the night are first line approaches for all patients with
irregular sleep-wake rhythm.

Melatonin has also been investigated for the treatment of irregular sleep-wake rhythm. In
children with psychomotor retardation, evening administration of melatonin can improve
consolidation and regularity of sleep-wake patterns.89 In general, the effects of melatonin on
sleep of older adults with dementia have yielded inconsistent results. The largest multicenter
placebo-controlled study of melatonin failed to show significant improvements in sleep
measures (a trend towards improvement was seen with the higher dose of melatonin of 10 mg).
90
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Circadian Rhythm Sleep Disorder, Shift Work Type (Shift Work Disorder, Shift
Work Sleep Disorder)
Clinical Features

Sleep disturbances are common complaints among shift workers, but not all shift workers have
sleep difficulties severe enough to interfere with work performance and/or social functioning.
The ability to cope with shift work varies from individual to individual and is influenced by
multiple factors, such as age, domestic responsibilities, commute times, type of work schedule,
diurnal preference and family responsibilities.91

Shift work disorder (SWD) typically presents with complaints of unrefreshing sleep, excessive
sleepiness and insomnia that vary depending on the work schedule. The relationship between
sleep problems and work schedule should be evident by the history. SWD is most commonly
seen in association with night and early morning (before 6 a.m.) shifts. Patients usually report
decreased total sleep time, poor sleep quality and excessive sleepiness at work.92, 93 Chronic
sleep deprivation may lead to impaired performance at work and safety concerns at work and/
or during the commute home.92, 94, 95

Prevalence
Approximately 20% of the workforce in industrialized countries is estimated to work non-
standard hours.96 A recent study suggests that the prevalence of shift work sleep disorder is
approximately 10% in night and rotating shift workers.97

Pathophysiology
SWD results when individuals are required to work and sleep at times that are in opposition to
the circadian propensity for sleep and alertness, leading to symptoms of insomnia and excessive
sleepiness. Patients may complain of problems initiating and maintaining sleep as they are
attempting to sleep at a time of low circadian sleep propensity. Symptoms of insomnia and
excessive sleepiness may persist for several days after the last night shift or on days off, even
after sleep has been restored to conventional times. This continued difficulty is likely due to a
partial adjustment of the circadian system. Successful adaptation to shift work will be
influenced by the number of consecutive night shifts and the speed and direction of the shift
rotation.

Diagnostic Evaluation and Differential Diagnosis
Diagnosis of SWD is based on a temporal relationship between the clinical presentation and a
history of shift work. The sleep disturbance persists for the duration of the shift work and may
continue after the individual resumes a more conventional work schedule. A sleep diary and/
or actigraphy are useful to demonstrate the disrupted sleep and napping behavior. PSG is
indicated when a patient’s history suggests comorbid disorders, such as sleep apnea. Increased
association with depression, alcohol or drug misuse or abuse, gastrointestinal symptoms (e.g.,
dyspepsia, constipation, diarrhea), sleep apnea, obesity and miscarriage have been reported in
shift workers and patients should be screened for such comorbidities.98, 99

Clinical Management
Treatment for SWD is based on two main approaches: (1) attempting to re-align the circadian
propensity for sleep and wakefulness with the work schedule (light and melatonin) and (2)
improving sleep and alertness (behavioral and pharmacologic approaches). In night shift
workers, bright light or melatonin can accelerate the adaptation of circadian rhythms.100–
103 Treatment approaches have predominantly been focused on the night shift worker.
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Various degrees of success have been demonstrated with bright light exposure during the night
shift using intensities from 1,200 to 10,000 lux for a duration of 3–6 hours.100–103 A practical
approach could include intermittent bright light exposure (about 20 min/hr blocks) throughout
the night shift but terminating the exposure approximately two hours before the end of the shift.
104, 105 Furthermore, circadian adjustment can be accelerated by the avoidance of bright light
in the early morning by using dark sunglasses on the way home after a night shift.104

The inability to sleep during the day is a common problem in patients with SWD. To improve
the duration and quality of sleep, daytime sleep should be initiated as soon as possible after
the night shift in a dark and quiet environment. Sleep hygiene education as well as social and
family support to protect and maximize the shift worker’s sleep are essential for all patients.
Patients may also have comorbid insomnia that requires cognitive behavioral therapy (e.g.,
cognitive therapy, relaxation techniques, stimulus control and bedtime restriction) alone or in
combination with short-acting hypnotic medications.

Melatonin has also been studied in SWD. In night shift workers, melatonin administered in the
morning can accelerate re-entrainment by delaying the timing of circadian rhythms, and also
improve sleep with its hypnotic effects. Although melatonin taken during the day can improve
daytime sleep, it has not been shown to significantly increase nighttime alertness.100

Increasing sleep duration and improving sleep quality is an important anchor for managing
sleepiness during work. Short scheduled naps during the shift has also been shown to improve
alertness and performance.106 For individuals in whom behavioral strategies are insufficient,
particularly when safety is a concern, pharmacological agents may also be used to alleviate
excessive sleepiness. Caffeine (250–400 mg) during the first two hours of the night shift has
been shown to improve nighttime alertness without subjective impairment of subsequent
daytime sleep.107 Modafinil, a non-sympathomimetic stimulant has also been studied for the
treatment of excessive sleepiness associated with shift work sleep disorder. Studies show that
a 200 mg dose of modafinil taken 30 to 60 minutes before the start of the night shift increased
alertness, reduced neurobehavioral deficits and did not interfere with subsequent sleep.108,
109 Modafinil is approved by the FDA for the treatment of excessive sleepiness associated
with SWD. However, it is important to note that although wake-promoting agents improve
sleepiness, alertness is usually not normalized.

Treatment should always be individualized to the needs of each patient, and all aspects of the
individual’s life need to be taken into consideration when preparing a treatment plan to obtain
maximal success. A multicomponent approach composed of sleep hygiene education, measures
to optimize the sleep environment, treatment of insomnia and excessive sleepiness using
behavioral and/or pharmacologic therapies, and enlisting the support of family, friends and
employer is necessary for the successful management of SWD.

Circadian Rhythm Sleep Disorder, Jet Lag Type (Jet Lag Syndrome)
Jet lag is the result of the external environment being temporarily altered in relation to the
timing of the endogenous circadian rhythm by rapid traveling across time zones. It is
characterized by symptoms such as daytime fatigue and sleepiness, nighttime insomnia, mood
changes, difficulty concentrating, general malaise and gastrointestinal problems.110 During
eastward travel, difficulty falling asleep is more prominent, and during westward travel
complaint of sleep maintenance is most common. Symptoms are transient and should resolve
as the traveler’s circadian clock re-establishes a normal phase relationship with the local time.

Although there is substantial inter-individual variability in the severity of jet lag symptoms,
the direction of travel and the number of time zones crossed are important factors to consider.
111 For example, westward travel generally causes less disruption than eastward travel, which
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can be explained by the fact that the free-running period (tau) of humans is slightly longer than
24 hours, making it easier to delay rather than advance the circadian rhythms.112

A combination of approaches to accelerate circadian alignment, including timed light exposure
and melatonin113, 114 and/or behavioral strategies, has been used to improve sleep and
daytime function. Travelers should be instructed to wear loose fitting clothes, drink plenty of
fluid, and avoid alcohol and excessive caffeinated beverages or foods during the flight to
minimize travel fatigue. Upon arrival, all efforts should be made to eat meals at local times,
exercise and maintain good sleep habits to decrease the severity of the symptoms.115

Independent of the direction of travel, travelers should remain awake while it is daytime at the
destination. Eastward travelers should avoid bright light in the early morning, and increase
exposure to bright light in the evening while westward travelers should get as much exposure
to bright light as possible in the early morning and try to sleep when it gets dark, avoiding
bright light in the evening.112 Advancing one’s circadian rhythm using intermittent morning
bright light prior to eastward flight has been proposed by Eastman et al. as a possible way to
prevent or reduce jet lag symptoms.116

Pharmacologic approaches have also been studied. Melatonin has been shown to alleviate jet
lag symptoms with doses of 0.5–5 mg taken close to local bedtime for up to four days117.
However, subjective sleep quality and sleep latency significantly improved with only the 5 mg
dose.118 The short-term use of short-acting non-benzodiazepine hypnotic medications can be
useful in alleviating symptoms of insomnia, and caffeine is often consumed to improve
alertness. In one study, zolpidem 10 mg taken for three consecutive nights after arrival has
been shown to improve sleep after travel.119 However, the combination of zolpidem and
melatonin did not significantly improve symptoms of jet lag, and was associated with increased
adverse effects when compared to melatonin alone.120

Summary
CRSDs should be considered in the differential diagnosis of every patient presenting with
symptoms of excessive sleepiness and/or insomnia. A misalignment between the endogenous
circadian timing system and the external environment constitutes the basis for most of these
disorders. Management focuses on realignment of the circadian timing system with the desired
or socially acceptable sleep and wake times. However, social and behavioral factors play an
important role in perpetuating or exacerbating these disorders and, thus, successful
management relies on a multimodal approach. The treatment of CRSDs remains a challenge
in part because large multicenter placebo-controlled clinical studies using phototherapy or
pharmacologic agents are scarce. Although melatonin receptor agonists, such as ramelteon,
have recently been approved for the treatment of insomnia, it has not been studied in patients
with CRSDs.

Recent rapid advances in our understanding of the neurobiology and genetics of circadian
rhythm and sleep regulation should lead to improved diagnostic tools and treatments that will
establish evidence-based as well as practical practice guidelines for the evaluation and
treatment of CRSDs.
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Figure 1.
An actogram of sleep-wake activity, recorded using wrist activity monitoring, from an
individual with DSPD. This individual goes to bed around 5–6 a.m. and wakes between 12–1
p.m. each day. Note that all actigraphy data shown throughout this manuscript is double-
plotted; i.e., a period of consecutive 48 hours is represented in each line and then the last 24
hours repeated on the following line.

Barion and Zee Page 17

Sleep Med. Author manuscript; available in PMC 2009 May 9.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Figure 2.
As predicted by the human PRC (phase response curve) to light, bright light exposure in early
mornings will advance the phase of circadian rhythms, while exposure to light in the evening
will cause phase delays. As the melatonin PRC is approximately the inverse of PRC to light
exposure, melatonin advances the phase rhythm when given in the early evening hours.
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Figure 3.
An actogram of sleep-wake activity, recorded using wrist activity monitoring, from an
individual with ASPD. This individual goes to bed between 9–10 p.m. and wakes at 4 a.m.
each day. There are two periods when the subject has taken off the wrist activity monitoring
(Tuesday for about 2 hours and Thursday for about 3 hours).
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Figure 4.
An actogram of sleep-wake activity, recorded using activity monitoring from an individual
with non-24-hour sleep-wake syndrome. Note the consistent delay in bedtime over the
recording time.
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TABLE 1
Circadian Rhythm Sleep Disorders – Clinical Features, Diagnostic Evaluation and Treatment Options

Type Clinical Features* Diagnostic Evaluation Treatment options**

Delayed Sleep Phase Type Delayed bedtime and
wake times
Bedtime: 2–6 am
Wake time: 10am-1pm
More commonly found in
adolescents

Sleep diary or actigraphy
monitoring for at least 7 days
DLMO and nadir core body
temperature may be useful for
confirmation of the delayed
phase

Melatonin: 0.3–3mg 5 hours
before bedtime
Bright light: 1–3 hours of 2,000–
10,000 lux between 7–9am
Chronothreapy: progressively
delay bedtimes

Advanced Sleep Phase
Type

Advanced bedtime and
wake times
Bedtime: 6–9pm
Wake time: 2–5 am
Rare, especially in the
young

Sleep diary or actigraphy
monitoring for at least 7 days
DLMO and nadir core body
temperature may be useful for
confirmation of the advanced
phase

Bright light: 1–3 hours of 2,000–
10,000 lux between 7–9pm
Chronotherapy: progressively
advance bedtimes

Non-entrained Type Bedtimes and wake times
progressively occur at a
later time each day
High prevalence in the
blind Very rare in sighted
individuals

Sleep diary or actigraphy
monitoring for at least 7 days,
but it is best to continue
monitoring for longer periods
to clearly establish a daily drift

Melatonin: 10mg 1 hour before
desired bedtime, 0.5mg
maintenance dose
Structured activity: maintain a
regular schedule

Irregular sleep-wake Type No regular bedtimes or
wake times
Frequent short naps
throughout the day and
night
Most commonly seen in
patients with underlying
neurologic dysfunction

Sleep diary or actigraphy
monitoring for at least 7 days
At least 3 irregular sleep bouts
per 24 hours
Total sleep time per 24 hours is
normal for age

Bright light: 2 hours of 3,000 to
5,000 lux in the morning
Decrease exposure to light and
noise during the night
Structured activity: increase
physical and social activity
during the day

Shift Work Type Sleep complains are
temporally associated
with a work schedule that
overlaps usual the time for
sleep and are present over
the course of at least 1
month

Sleep diary or
actigraphymonitoring for at
least 7 days demonstrates a
disrupted sleep-wake pattern
PSG may be useful to exclude
co-morbid disorders (i.e, sleep
apnea)

Behavioral strategies: good sleep
hygiene, wear sunglasses during
commute home, optimize sleep
environment
Bright light: during night shift 3–
6 hours of 1,200–10,000 lux
either continuously or
intermittently during the first
half but no later than 2 hours
before end of the shift
Melatonin: 3mg before bedtime,
if bright light therapy not
practical option
Stimulants: caffeine or modafinil
200mg at the beginning of the
shift
Treat co-morbid sleep related
disorders

Jet Leg Type Self-limited
Severity of symptoms
depend on the number of
time zones traveled
Eastward travel usually
more difficult to adjust to

Objective laboratory testing is
usually not indicated

Behavioral strategies: adequate
hydration, avoid caffeine and
alcohol, good sleep hygiene
Strategic exposure to light
Melatonin 0.5–5mg for the first
4 days after arrival
Short-acting hypnotic use for the
first few days after arrival

*
When patients allowed to sleep at their desired times.

**
Melatonin: To date, there are no established clinical practice parameters for its use, and it is not FDA approved
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