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1.0 INTRODUCTION

This is the first of two articles authored by an American Acad-
emy of Sleep Medicine (AASM) Task Force charged by the Stan-
dards of Practice Committee with reviewing the scientific literature
on the evaluation and treatment of circadian rhythm sleep disor-

SLEEP, Vol. 30, No. 11, 2007

ders (CRSDs), employing the methodology of evidence-based
medicine. To this end, the Task Force formulated a set of spe-
cific questions relevant to clinical practice, extensively searched
the medical literature, abstracted the core findings, and graded
the quality of the evidence. From this process, an evidence table
was constructed (available online at http://www.aasmnet.org/). In
these two review articles, we provide a summary of the evidence
gleaned through this process, and place the evidence regarding
clinical issues in the context of current circadian science.

Because of the large volume of relevant scientific literature, the
Task Force divided the report into two papers. In the first paper,
we review the circadian science concepts and research strategies
that have provided the framework for clinical investigation. We
then report on the accumulated evidence regarding shift work
disorder (SWD) and jet lag disorder (JLD). We grouped SWD
and JLD together because, in both of these disorders, the circa-
dian system functions adequately under usual circumstances, but
when an imposed or voluntary shift in the timing of sleep exceeds
the limits of circadian adaptation, misalignment occurs and gen-
erates a constellation of symptoms that characterize a disorder.
However, this grouping of SWD and JLD together is not meant
to imply that endogenous factors (such as individual differences
in the ability to sleep at an unfavorable circadian phase) do not
contribute to SWD and JLD.

The second paper will deal with disorders that are thought to
be more intrinsic; that is, involving a problem with the circadian
system itself (although these disorders may, in turn, be influenced
by exogenous factors). Specifically, these disorders include ad-
vanced sleep phase disorder (ASPD), delayed sleep phase dis-
order (DSPD), free-running disorder (FRD), and irregular sleep-
wake rhythm (ISWR). These reports will be accompanied by
practice recommendations formulated by the AASM Standards
of Practice Committee.

2.0 DEFINITION AND OVERVIEW OF CIRCADIAN RHYTHM SLEEP
DISORDERS

2.1 Classification

Major progress is being made in understanding the biology of
circadian rhythms, but in clinical practice, classification remains
based primarily on criteria related to a constellation of symptoms,
at times supplemented by standardized questionnaires and labora-
tory tests.

There are six distinct CRSDs currently recognized in the In-
ternational Classification of Sleep Disorders (ICSD-2),! namely:
1) delayed sleep phase type, 2) advanced sleep phase type, 3)
irregular sleep-wake phase type, 4) free-running type, 5) jet lag
type, and 6) shift work type. The ICSD-2 also recognizes CRSDs
secondary to medical conditions and drug or substance abuse,
as well as a general category, CRSD Not Otherwise Specified
(NOS). In order to be consistent with the International Classifica-
tion of Diseases, the clinical entities are classified as Type, but are
equivalent to the more commonly employed labeling as disorders
or syndromes with the associated abbreviations; for example, de-
layed sleep phase disorder (DSPD).

According to the ICSD-2,! “The essential feature of CRSDs is
a persistent or recurrent pattern of sleep disturbance due primarily
to alterations in the circadian timekeeping system or a misalign-
ment between the endogenous circadian rhythm and exogenous
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Clinical Questions
Risk Factors
Is age a risk factor for developing a CRSD?

Is gender a risk factor for developing a CRSD?

Is insufficient, excessive, or inappropriately
timed light exposure a risk factor for
developing a CRSD?

Is there a familial (genetic) predisposition for
developing CRSDs?

Assessment Tools

How useful is a sleep log (diary)?

How useful is actigraphy?

How useful is the MEQ in clinical practice?

Is a PSG necessary in the clinical management
of a CRSD?

When might it be useful (or necessary) to
assess circadian phase and/or amplitude using
a marker such as core body temperature (CBT)
or melatonin?

Treatment

[s prescribed sleep/wake scheduling safe and
effective?

Is timed light exposure safe and effective?
Is timed melatonin administration safe and
effective?

Are sleep-promoting medications safe and
effective?

Are wakefulness-promoting medications safe
and effective?

Table 1—Clinical Questions Addressed in the Review

Observations promoting questions

Basic research suggests that the circadian system undergoes major changes over the
course of the life cycle.

Gender may be a significant risk factor for CRSDs, given the interaction between the
circadian and reproductive systems, including the menstrual cycle. Gender could be also
an important risk factor because of employment patterns or childcare duties.

Sunlight is the most important circadian time cue in humans, it is logical to ask whether
the intensity, duration or timing of light exposure is a risk factor for CRSDs.

Many patients with CRSDs report family members with similar problems. Furthermore,
recent advances in molecular biology have identified “clock genes” that could be involved
in the pathophysiology of CRSDs.

Sleep-wake diaries (sleep logs) are consistently recommended as a method for evaluating
sleep schedules in CRSD patients.

The ICSD-2 diagnostic criteria for most CRSDs require that abnormalities in the timing
of the habitual sleep pattern be documented with either sleep logs or actigraphy for seven
days or more.!

The Morningness-Eveningness Questionnaire (MEQ) developed by Horne and Ostberg
in 19767 has become a widely employed instrument to classify individuals with extreme
circadian tendencies (“larks” and “owls”).

Polysomnography (PSG) is considered the “gold standard” for sleep assessment. In some
of the research studies we reviewed, PSG, and in a few instances, multiple sleep latency
tests (MSLTs) have been employed.

Methods have been refined that can determine circadian phase (circadian time [CT]) in
humans.

Chronotherapy was the first recognized treatment for a CRSD, and can be considered an
example of prescribed sleep scheduling, based on a hypothesized circadian mechanism.
Another example is prescribed napping proposed as a countermeasure for night workers.

Inasmuch as CRSDs involve a misalignment of the circadian system with the preferred
sleep schedule, can this be corrected by circadian phase shifting?

Insomnia can be one of the symptoms of a CRSD.
Excessive sleepiness can be one of the symptoms of CRSDs.

factors that affect the timing or duration of sleep.” Thus, either
exogenous or endogenous factors (and often both) can contrib-
ute to the misalignment between the timing of internal circadian
rhythms and the desired (from the patient’s perspective), or re-
quired (from the scheduling demands of society) time for sleep.

The diagnostic criteria include “impairment;” e.g., “social, oc-
cupational, or other.” While there may be a correlation between
the degree of misalignment and the symptom burden, such is not
always the case. Some individuals appear to have phase toler-
ance;? that is, their sleep is relatively unaffected by circadian mis-
alignment; others may be very sensitive.

The diagnosis also requires that the disorder not be “better ex-
plained” by another primary sleep disorder. This criterion is very
important clinically; for example, a complaint of sleepiness in a
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night shift worker should not overlook the possibility of obstruc-
tive sleep apnea or some other primary sleep disorder.

It should be noted that an unconventional sleep schedule does
not in itself qualify as a CRSD. If the timing of sleep is congruent
with the timing of the circadian sleep propensity rhythm (the two
rhythms are synchronized), and there is no symptomatic burden or
disability, then there is no basis for a CRSD diagnosis. Likewise,
if a patient has insomnia regardless of when he/she sleeps, then a
diagnosis of insomnia and not a CRSD should be considered.

Although we have divided these reports into exogenous and
endogenous disorders, we recognize that CRSDs can involve a
mixture of etiological factors. For example, it has been suggested
that the greater tendency for teenagers and young adults to have
DSPD may be due to some alteration of the circadian system
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(such as a lengthening of the intrinsic circadian period—possi-
bly secondary to hormonal influences), as well as peer-reinforced
behavior patterns such as staying up late and “sleeping in.” It is
also possible that tolerance to shift work or jet travel may depend
on a mixture of exogenous and endogenous factors; for example,
it has been suggested that night work and westward flight may be
easier for evening types (“owls”) because of their stronger natural
propensity to delay their circadian rhythms.

2.2 Prevalence

The prevalence of CRSDs is unknown, although, if one takes
into account the large number of people who do shift work or fly,
it must be high. There are very few community based epidemio-
logical studies of CRSDs. According to the only study that com-
bined formal diagnostic criteria with an epidemiologic sample
(using questionnaire data and not clinical evaluation), 32.1% of
night workers and 26.1% of rotating workers met the minimal
criteria for SWD.? There are almost no prevalence data for the
other CRSDs. In one random telephone survey,* seven people out
of 1525 contacted had sleep log patterns similar to DSPD, but just
one actually met diagnostic criteria for DSPD after interview.

The proportion of patients who are diagnosed with a CRSD in
current sleep disorders medicine clinics is quite small compared
to other diagnostic categories.>¢ In a review of one clinic’s expe-
rience, Dagan® found that DSPD was the most common CRSD
diagnosis (83%), followed by free-running disorder (12%). ASPD
and ISWR were very rarely diagnosed, accounting for less than
2% of the CRSD patients. On the other hand, the number of pa-
tients presenting to a clinic may be quite different from the preva-
lence in the population. Patients with CRSDs may not recognize
that their problem has a physiological basis, or may not know that
medical help is available.

3.0 THE QUESTIONS ADDRESSED IN THIS REVIEW

In order to focus the review, the Task Force, in communica-
tion with the Standards of Practice Committee of the AASM,
constructed questions drawn from common clinical concerns in
the evaluation and treatment of CRSDs. Table 1 lists the specific
questions (first column) followed by one or more considerations
that prompted the question.

4.0 METHODS
4.1 Inclusion and Exclusion.

To address these questions, the medical literature was searched
for studies of patients with a presumptive or diagnosed CRSD, and
an evidence table constructed. Searches were limited to articles
published in the English language involving human subjects. Ab-
stracts, theoretical papers and editorials were excluded. Review
articles were excluded from the evidence table, but have been in-
corporated into this report where appropriate for background. Be-
cause unequivocal cases of ASPD and FRD are quite rare, single
case reports were accepted for these categories; otherwise, studies
were required to include at least eight subjects. We did not include
studies of disorders that may have a circadian component but are
not considered CRSDs; e.g., restless legs syndrome, seasonal
affective disorder (winter depression), and extended duty/acute
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Table 2—Search Strategy and Results
Search Term(s) Number of Citations* MESH since
Sleep Disorders,

Circadian Rhythm 436 2000
Chronobiology Disorders 131 2001
Work Schedule Tolerance,

AND Sleep 687 1991
Jet Lag Syndrome 119 ?
Delayed Sleep Phase Syndrome 111 N.A.
Advanced Sleep Phase Syndrome 26 N.A.
Irregular Sleep-Wake Disorder 0 N.A.
Non—-24-Hour Sleep-Wake Disorder 2 N.A.
Chronotherapy combined

with Sleep Disorders 35 1997
Phototherapy combined

with Sleep Disorders 127 1981
Melatonin combined

with Sleep Disorders 254 1968
Blindness combined

with Sleep Disorders 44 1968
Morningness Eveningness 89 N.A.
Total 2084
*Found in an iterative search strategy (see text)

sleep deprivation. Also, we did not review studies of treatments
that might affect circadian rhythms if the study did not aim to cor-
rect a circadian abnormality (e.g., melatonin administration for
psychophysiological insomnia). No age range was imposed; in
other words, we included studies that involved children, young
adults, and older adults. Some of the studies were used as evi-
dence on more than one relevant question; i.e., risk, assessment,
and treatment.

We also reviewed studies of simulated SWD or JLD and in-
cluded them in the evidence table if they provided evidence for
important principles that could be applied clinically. These studies
recruited subjects without a clinical diagnosis who participated in
a phase shifting protocol designed to simulate a clinical condi-
tion. Given the constraints of space, these studies are summarized
in the text, and not described in detail.

4.2 Literature Search

We searched MEDLINE through October 2006 (using the
search terms listed in Table 2) to identify citations of potential rel-
evance for this review. The most relevant search term, Sleep Dis-
orders, Circadian Rhythm, became a MESH heading in the year
2000, and the search term, Chronobiology Disorders, became a
MESH heading in 2001. Several CRSDs are not yet included in
the MESH headings list. Consequently, to identify relevant ar-
ticles, especially those published prior to 2000, the terms were
searched both as MESH headings and as keywords. Also, broader
search terms were used and then limited by including sleep as a
search co-term. An iterative process was used to remove dupli-
cates; that is, as each term was searched, only articles that had
not been previously identified were added to the citation list. In
addition, the bibliographies of review articles were examined by
Task Force members in order to find articles that were missed in
the initial search.

After this large set of potentially relevant citations was identi-
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Table 3—Levels of Evidence
Adapted from Oxford Centre for Evidence-Based Medicine (May 2001)

studies)

Level Risk/ Assessment
1 Validating' cohort with well-validated reference standards?
2 Smaller or “exploratory” cohort study or one that has
incompletely validated reference standards?
Case control study or cross-sectional survey
4 Case series (and poor quality cohort and case control

1. Validating studies test the quality of a specific diagnostic test, based on prior evidence.

2. Reference standards: PSG, sleep logs, actigraphy, phase markers, validated self-reports.

The Oxford system defines four levels of evidence, and appends each level with an “a” if the evidence is based on a systematic review, or a “b” if it
refers to a single study. Because we did not find any systematic reviews (only individual reports), we dropped the “b”” and indicated only the numerical
level of evidence. Papers that were considered important background citations are included in the bibliography without an evidence grade.

Treatment

High quality randomized controlled trial (RCT) on well-
characterized subjects or patients

Cohort study or flawed clinical trial (e.g., small N, blinding
not specified, possible non-random assignment to treatment,
incompletely validated reference standards?)

Case control study

Case series (and poor quality cohort and case control studies)

fied, the titles and abstracts were reviewed by at least two mem-
bers of the task force who voted for or against inclusion in a final
set of articles to be reviewed in more detail and scored (see be-
low). When the two reviewers were in disagreement, the Chair of
the Task Force (RLS) acted as a tiebreaker.

Each article was abstracted either by a task force member or a
paid professional. Each abstract contained four essential items that
were placed in a PICO evidence table; namely, 1) A description
of the Patient or Problem that was addressed, 2) The Intervention
that was made, 3) A Comparison intervention (if necessary) and 4)
The Outcome(s). These abstracts are posted in an evidence table
on the AASM website: www.aasmnet.org/

In addition to being abstracted, the studies were graded using
the Oxford System for Evidence-Based Medicine® (http://www.
cebm.net/index.aspx?0=1025). See Table 3.

5.0 CIRCADIAN RHYTHM BIOLOGY
5.1 General Principles

In order to put the clinical research into the appropriate con-
text, we felt it was important to review, more generally, the cur-
rent concepts and experimental strategies used in human circadian
rhythm research. A full introduction to circadian rhythm biology
can be found in a recently published textbook’ and is beyond the
scope of this paper.

In the last decade, breakthroughs have been made in under-
standing the intracellular protein transcriptional feedback mecha-
nisms that generate circadian rhythms. These discoveries are just
beginning to reach the clinical arena as genetic mechanisms are
being investigated as possible etiological factors in some CRSDs.
These studies are reviewed in some detail in Part II of this report.

Before these advances at the molecular level, it was well docu-
mented that mammalian circadian rhythms were generated within
the neurons of the suprachiasmatic nucleus (SCN) of the hypothal-
amus. Output signals (efferents) from the SCN not only modulate
daily rhythms in sleep and alertness, but also the rhythms of core
body temperature and the secretion of certain hormones such as
melatonin and cortisol. It was also well established that, in most
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humans (reviewed by Dijk and Lockley),' the intrinsic rhythm
of the clock is slightly longer than 24 hours, so that precise syn-
chronization to a 24-hour day (entrainment) depends on exposure
to environmental time signals (zeitgebers)—most importantly,
the solar light/dark cycle. In the absence of timing signals (e.g.,
sighted subjects kept in temporal isolation), or light exposure
(e.g., totally blind subjects), circadian rhythms typically “free-
run” on a non—24-hour cycle, expressing the intrinsic circadian
(circa meaning about and dian meaning day) period of the clock.
Therefore, maintaining normal entrainment is a dynamic process
that depends on regular adjustments of the circadian pacemaker
via exposure to the relevant environmental time cues, most im-
portantly the solar light-dark cycle.

Recently, non-rod, non-cone photoreceptors in the ganglion
cells of the retina have been identified!!? as especially important
for the entraining effects of light.!*!* These novel nonvisual circa-
dian photoreceptors, which contain the photopigment melanopsin,
are most sensitive to blue wavelength light; thus blue light expo-
sure may be the most efficient wavelength to shift the circadian
system and suppress melatonin. Based on these discoveries, light
treatment devices that are enriched with blue light are now being
tested.'® Although for the mammalian circadian system, blue light
exposure of the ganglion cells is important, there appears to be
some redundancy in the circadian photoreceptive system, such
that the rods and cones also influence the circadian response to
light. In any case, ordinary white light fixtures of sufficient inten-
sity can produce phase shifts equal to blue light.

Nonphotic time cues (e.g., scheduled sleep and activity) may
have some influence on circadian timing, but their potency, com-
pared to the solar light/dark cycle, remains to be defined and ap-
pears to be relatively weak. Because people ordinarily sleep at
night in a dark space with eyes closed, exposure to the light/dark
cycle indirectly influences circadian rhythms. In fact, Burgess
and Eastman'¢ have recently shown that manipulations of sleep
duration (short nights [6 h] or long nights [9 h] can produce phase
shifts, presumably by gating exposure to ambient light.

The effect of environmental time cues on the circadian system
depends on the timing of their occurrence relative to the endog-
enous circadian cycle. For example, (in a normally entrained in-

CSRD review part |—Sack et al



dividual) light exposure in the morning around dawn resets the
pacemaker to an earlier time, while light exposure in the evening
around dusk resets the pacemaker to a later time. These time
(phase) dependent effects of environmental cues on the circadian
system can be plotted as a phase response curve (PRC).!” The
circadian system is most sensitive to light during the biological
night, when humans normally sleep, and is least sensitive to light
about midday recently reviewed by Duffy and Wright.!® Thus, in
circadian rhythm biology, the timing of an intervention (for ex-
ample, prescribed bright light exposure) can be as important (or
more important) than the intensity (dose).

The interactions between the homeostatic and circadian mech-
anisms for sleep regulation are helpful in explaining much of the
symptomatology of CRSDs. According to the opponent process
model of sleep regulation,” the circadian system generates a
clock dependent alerting process during the waking hours. Con-
sequently, attempting sleep at the “wrong circadian phase” (dur-
ing the “circadian day”) undermines sleep quality and shortens its
duration because of the competing circadian arousal process. The
shortened sleep duration may, in turn, lead to an accumulation of
homeostatic sleep drive.

5.2 Assessment Strategies Based on Basic Circadian Science:
Circadian Phase Markers

One of the important strategies useful in circadian science is
to be able to know “what time it is in the brain”: in other words,
to determine, at various times, the phase of the circadian cycle.
To that end, major efforts have been made to develop markers
of circadian phase suitable for human investigation; for example,
the phase and amplitude of the core body temperature (CBT) or
the melatonin rhythm. These markers can be thought of as “the
hands on the clock.” Circadian phase markers are beginning to be
used as assessment tools to detect circadian timing abnormalities
clinically as the barriers of inconvenience and expense are being
lowered. One can, in principle, employ any physiological variable
that is modulated by SCN output, provided that the evoked influ-
ences on the rthythm (masking) are factored out. The sleep-wake
cycle itself is a rough indicator of circadian phase, but it is strong-
ly influenced by homeostatic sleep drive, as well as many other
factors that obscure or “mask” the underlying circadian signal.
Notwithstanding, it has been shown that wake up time provides
a fair estimate of circadian phase in subjects who are allowed to
sleep on a “free schedule,” but entrained to a 24-h day.?**!

Historically, the core body temperature (CBT) rhythm has been
used more extensively than any other circadian phase marker, but
like sleep, the circadian signal from the CBT rhythm can be easily
masked by activity, food intake, and sleep. Consequently, valid
estimates of circadian phase derived from the CBT rhythm re-
quire that a subject be kept awake, at bed rest, and fed equally
distributed small meals for at least 24 hours—the ““constant rou-
tine protocol.”? This technique has been useful for research, but
seems unsuitable for clinical use. As an alternative to the constant
routine, masking effects on CBT can be minimized by mathemati-
cal adjustments to the temperature rhythm,” but the magnitude of
the adjustment varies according to circadian phase.?*

The timing of melatonin secretion by the pineal gland has be-
come an increasingly popular strategy for determining circadian
phase. This technique has been facilitated by the availability of
immunoassays that are sufficiently sensitive and specific so that

SLEEP, Vol. 30, No. 11, 2007

concentrations of melatonin can be measured in plasma or saliva;
or its metabolite, 6-sulphatoxy melatonin (aMT6s) in urine. The
transition from low, daytime secretion to robust nocturnal secre-
tion, the “melatonin onset” provides a high-resolution marker of
circadian phase and is relatively convenient because serial sam-
pling can be done in the evening, at least for subjects who are nor-
mally entrained;? however, the entire melatonin profile, or other
points on it (e.g., midpoint of secretion) can also be used as phase
markers. Melatonin secretion is suppressed by light exposure (a
masking effect), so that samples need to be obtained under dim
light conditions, and thus the procedure is often termed the dim
light melatonin onset (DLMO). It has also been reported that pos-
ture??” and drugs (such as beta-blockers, NSAIDS, and caffeine)
may influence melatonin levels and thus may mask, to some de-
gree, the melatonin rhythm. 283!

When both CBT (using constant routine conditions) and
DLMO have been assessed concurrently as phase markers, the
correlation is usually high.**3* For example, in a phase shifting
study using bright light, Shanahan and Czeisler** found the cor-
relation between the two phase markers to be 0.97 (P <0.0001;
N = 23). Klerman, et al.** measured circadian phase in a time-
isolated environment in 13 subjects on three occasions, spaced
five days apart, and found that the standard deviation, using CBT
data, was 0.78 h; using cortisol data, 0.65 h; and using melatonin
data, it ranged from 0.23 to 0.35 h (for the eight different analysis
methods). In summary, melatonin was a much more stable phase
marker than CBT. Benloucif et al.*® also found melatonin to be
a more stable phase marker than CBT, although the experimen-
tal conditions were not so rigidly controlled, and the CBT was
estimated by mathematical de-masking, not a constant routine.
These findings provide strong support for the melatonin profile
as the most stable, and therefore presumably the most accurate,
currently available marker for circadian phase. Because of its
convenience, sensitivity, and validity, the DLMO appears to be
on the threshold for clinical application. A consensus on the meth-
odology of the procedure would facilitate its development as a
clinical tool; for example, standardizing the minimum frequency
of sampling, the lighting conditions required, and the definition
of the “melatonin onset” for both plasma and saliva. Norms could
then be developed.

Almost by definition, a circadian rhythm sleep disorder in-
volves an abnormality in the timing of sleep relative to the opti-
mal circadian phase for sleep. The relationship between the tim-
ing of sleep and the circadian phase (estimated by a circadian
marker) can be quantified as the interval (phase angle) between
the two rhythms. To date, only a few studies have attempted to
measure phase angle abnormalities in CRSDs; for example, Uchi-
yama et al. found a delayed sleep propensity in DSPD patients
relative to the phase of the circadian pacemaker as measured by
the melatonin profile.*

5.3 Assessment Strategies Based on Behavioral Science
In addition to circadian biological science, circadian rhythm

studies have utilized some behavioral assessment techniques, also
used in other sleep disorders, but especially relevant to CRSDs.

5.3.1 Sleep Logs and Diaries

As mentioned above, sleep-wake diaries (sleep logs) are con-
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Aspect of Reference Study Population

Theory

Simulated nightshift/ Baehr, 2000 172 adults (25.2 = 5.3 yrs)
shift work Griefahn, 2002 34 males (22.3 + 3.1 yrs)

Martin, 1998 35 adults (26.3 + 6.2 yrs)
Mitchel, 1997 32 adults (24.7 = 4.6 yrs)
Diurnal Preference/age Dufty, 2002 13 adults (67.4 + 3.2 yrs)

Endogenous oscillator/
overt circadian

rhythms Griefahn, 2002 51 adults (21.8 + 2.6 yrs)
Martin, 2002 26 adults (18-38 yrs)
Roemer, 2003
Study 1: 34 men (22.2 £ 3.1 yrs)
17 women (20.9 £ 1.1 yrs)
Study 2: 57 adults (28.0 = 10.3 yrs)

37 adolescents/adults
(14-31 yrs)
17 adults (23.5 £ 3 yrs)

Laberge, 2000
Duffy, 2001

* Indicates a study design “Other” than Constant Routine

Table 4—Aspects of Circadian Theory and the Correlation (r) between MEQ Score and Objective Phase Markers in Unaffected, Healthy Individuals

Study Type Phase Marker MEQ/Phase Circadian
marker (r)
Other* Tmin -0.520
Const. Rtn. Tmin (main study) -0.483
DLMO (main study) -0.686
Other Tmin -0.459
Other Tmin -0.650
Const. Rtn. Tmin (older adults) -0.49
Tmin (young adults,
previously reported) -0.76
Const. Rtn. Tmin -0.353
DLMO -0.607
Other DLMO -0.48
Const. Rtn. DLMO -0.6818
Const. Rtn. DLMO -0.5562
Other DLMO -0.3964
Const. Rtn. DLMO -0.49
Const. Rtn. Tmin -0.60

sistently recommended as a method for evaluating sleep sched-
ules in CRSD patients; however, there are no widely accepted,
standardized sleep logs, and investigators and clinicians often
construct their own. Sleep logs have apparent face validity and
can provide data on qualitative as well as quantitative aspects of
sleep.

Arecent large-scale clinical trial (described below)?” used elec-
tronic diaries to assess sleepiness during the night shift (sleepi-
ness, mistakes, unintentional and intentional sleep episodes, ac-
cidents, or near accidents), sleepiness during the commute home
(unintentional sleep episodes, accidents, or near accidents) and
sleep efficiency during the daytime following a night shift. Such
diary techniques, if adapted for clinical practice, could help to
document excessive sleepiness and clinical significance of the
sleepiness reported by SWD patients.

The Social Rhythms Metric (SRM), developed by Monk et al.*®
was designed to quantify daily social and occupational rhythms;
in particular, gauging the regularity of everyday activities. The
SRM has been used as a research tool to test hypotheses regard-
ing the effect of social rhythmicity on sleep quantity and quality
in affective disorders,**’ but we found no studies of its use in
CRSDs.

Although many of the CRSD research studies we reviewed
employed sleep logs, we did not find any studies that specifically
evaluated their reliability or validity as a clinical assessment tool
for CRSDs; therefore, we did not pursue our question of the utility
of sleep logs and diaries further (except to mention examples of
non-standard methods used in some studies).

5.3.2 Actigraphy

ICSD-2 diagnostic criteria for most CRSDs require that abnor-
malities in the timing of the habitual sleep pattern be document-
ed with either sleep logs or actigraphy for seven days or more.!
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Actigraphy provides a reasonably accurate estimate of sleep and
wakefulness that can be readily obtained over multiple sleep cy-
cles and is thus very useful for the longitudinal assessment of
sleep patterns. Indeed, the scientific literature addressing the role
of actigraphy in the study of sleep and circadian rhythms was
extensively reviewed by an AASM Task Force in 2003*! with the
subsequent development of Practice Parameters.*> At that time,
the Task Force concluded that:

“The one area where actigraphy can be used for clinical di-
agnosis is in the evaluation of circadian rhythm disorders.
Actigraphy has been shown to be very good for identifying
rhythms. Results of actigraphic recordings correlate well
with measurements of melatonin and of core body tempera-
ture rhythms. Activity records also show sleep disturbance
when sleep is attempted at an unfavorable phase of the cir-
cadian cycle. Actigraphy, therefore, would be particularly
good for aiding in the diagnosis of delayed or advanced
sleep phase disorder, non-24-hour-sleep syndrome and in
the evaluation of sleep disturbances in shift workers. It must
be remembered, however, that overt rest-activity rhythms
are susceptible to various masking effects, so they may not
always show the underlying rhythm of the endogenous cir-
cadian pacemaker.”

Updated Practice Parameters were recently developed (Mor-
genthaler et al., 2007), and provide further endorsement for actig-
raphy as a useful clinical tool in the evaluation and the assessment
of treatment response in CRSDs.

Because actigraphy has been thoroughly addressed in two re-
cent AASM reports, the task force did not systematically review
actigraphy, and refers the reader to these published reports (An-
coli-Israel et al., 2003; Morgenthaler et al., in press).
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5.3.3 The “Morningness -Eveningness Questionnaire” (MEQ)

The MEQ, developed by Horne and Ostberg in 1976,” contains
19 questions aimed at determining when the respondent’s natural
propensity to be active lies during the daily temporal span. Most
questions are framed in a preferential manner, in the sense that the
respondent is asked to indicate when, for example, he/she would
prefer to wake up or start sleep, rather than when he/she actually
does. Questions are multiple choice, with each answer assigned
a value from 0 to 6. Their sum gives a score ranging from 16 to
86, with lower values corresponding to evening types. More re-
cently, another questionnaire—the Munich Chronotype Question-
naire—has been developed to assess morning and evening prefer-
ences**; that is, to separate putative “larks” from “owls.”*-48

The MEQ has become a widely employed instrument to clas-
sify circadian tendencies in studies of normal (unaffected) sub-
jects as well as (to some extent) patients. The MEQ score is often
assumed to be correlated with core parameters of human circadian
organization such as the timing of sleep*#°® and possibly endog-
enous circadian period.”! While mild to moderate preferences in
morningness-eveningness may not have clinical significance, ex-
tremes of the spectrum may play a role in CRSDs and their associ-
ated functional and cognitive impairments.

Our search procedure provided a total of 28 studies using the
MEQ as an assessment tool. Of these studies, 19 employed the
MEQ in unaffected individuals (subjects without a CRSD diagno-
sis). The remaining nine studies used the MEQ in investigations
involving CRSDs.

Of the 19 studies using the MEQ in unaffected individuals, 14
used the MEQ, in conjunction with an objective circadian phase
marker (e.g., core body temperature, DLMO), in investigations of
circadian adaptation to simulated nightshift/shift work,’>* age dif-
ferences in diurnal preference,” and the impact of the endogenous
circadian oscillator on overt circadian rhythms.#47:30-5256¢60 Ag pre-
dicted by circadian theory, all studies found a negative correlation
between the MEQ score and the objective circadian phase marker;
in other words, subjects with a later circadian phase generally scored
lower on the MEQ (Table 4). However, Pearson’s correlation coef-
ficients (if available) covered a wide range (r =-0.353 to r =-0.760).
While the wide range in correlation coefficients reported between
different studies is likely a result of different study populations (e.g.,
young versus older adults) and different study conditions (e.g., lab
versus naturalistic settings), overall, MEQ score appears to be a fair
predictor of the endogenous circadian period or phase.Four studies
in unaffected individuals used the MEQ with additional measures
(e.g., actigraphy, sleep logs, questionnaires) to investigate circa-
dian adaptation to simulated night shift work,®! the effect of age on
diurnal preference,**? and the relevance of diurnal preference for
specific sleep disturbances.® These studies showed the MEQ score
to be correlated with: 1) the ability to adapt to night shift work,’! 2)
preferred time of exercise,” 3) age (increasing morningness),* and
4) characteristic sleep disturbances (e.g., difficulty in maintaining
sleep in the early morning, morning sleepiness) relative to diurnal
preference.® Studies using the MEQ in investigations involving
specific CRSDs will be discussed later in this review.

5.4 Treatments for CRSDs Based on Circadian Rhythm Science

We next review the treatment strategies for CRSDs that have
been developed based on circadian rhythm science. These in-
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terventions fall into three broad categories: 1) prescribed sleep
scheduling, 2) circadian phase shifting (“resetting the clock™),
and 3) medications that can promote sleep or wakefulness that
are used to counteract the symptoms generated by the circadian
misalignment and sleep deprivation associated with CRSDs.

5.4.1 Prescribed Sleep Scheduling

The term chronotherapy was first coined to describe a treatment
for DSPD that involved prescribed scheduling of sleep times ac-
cording to the newly appreciated characteristics of the human cir-
cadian system.* Devising an optimal schedule for shift workers,
based on circadian principles, is another example of prescribed
sleep scheduling. Planned napping has also been employed to
counteract nighttime sleepiness in night shift workers.

5.4.2 Circadian Phase Shifting with Timed Light Exposure

It has been well established that the solar light-dark cycle is
the primary environmental time cue for synchronizing the circa-
dian system of most living organisms—plants, animals, and bac-
teria—to the 24-hour day. At one time it was thought that the
human species, with more developed cognitive and social capaci-
ties, might be an exception. However, studies with bright light ex-
posure demonstrated robust suppression of melatonin secretion®
as well as phase resetting (shifting) effects on the human circa-
dian system.®” These discoveries gave rise to the proposed use
of timed light exposure as a treatment for CRSDs. In addition, it
was hypothesized that inappropriately timed exposure to natural
and artificial light could underlie or exacerbate several CRSDs.
In one manuscript, it was reported that light exposure to the skin
behind the knee could phase shift the human circadian system,®
but this finding has not been replicated.®

Light intensity or illumination levels are often reported in units
of lux or watts. Lux is the International System unit of illumina-
tion based on the spectral characteristics of human visual photo-
receptors. One lux is equal to the light exposure received when
gazing at a standard candle that is one meter away from the eye.
Light intensity (lux) diminishes in proportion to the square of the
distance from the source. Watts are the International System unit
of power used to indicate the intensity of light in absolute energy
units per meter squared.

Light of higher intensity generally produces larger effects
on the circadian system. Although bright light exposure (3000-
10,000 lux) has been shown to produce robust phase shifts, even
modest intensities (50-600 lux) can produce substantial phase
shifts if the light is presented to subjects who have been living in
a dim light-dark environment.” Moreover, 3 cycles of exposure
to just 12 lux for 6.5 h produced phase shifts.!®’ In fact, the il-
luminance level reported to be sufficient to maintain synchroni-
zation of the human biological clock to the 24-hour day in these
conditions " is less than one-thousandth of the intensity that was
initially thought to be necessary.” Exposure history also appears
to influence chronobiological responses to light.”*7¢ Specifically,
prior exposure to dim light appears to enhance subsequent mela-
tonin suppression by light.

In general, light intensities of >1000 lux are needed to treat
CRSDs, although under special circumstances of low ambient
light levels (such as deep ocean oil platforms or space flight)
low levels of light may be sufficient in resetting the circadian
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timekeeping system (see review by Duffy and Wright, 2005).'
Conceivably, exposure to ordinary intensity artificial light at night
may have a strong effect on the circadian system if an individual
spends most of his/her time indoors.

Light exposure does not need to be continuous to influence
the circadian system. In fact, alternating exposure to intermittent
bright and dim light has been reported to produce almost as much
phase shifting as continuous exposure.”” This finding indicates
that the phase resetting response to light is greatest in the begin-
ning of the light exposure session, and this property of circadian
photoreception may be able to be used to more easily implement
light treatment.

In summary, there are a number of parameters of light exposure
that are important for its phase-shifting effect: intensity, duration,
wavelength, pattern of exposure (continuous vs. intermittent),
circadian phase of the light exposure, as well as light exposure
history (reviewed by Duffy and Wright, 2005).!® The precise con-
tribution of each of these variables to the overall phase-shifting
effect of light on the circadian timekeeping systems remains to
be elucidated.

Questions have been raised about the safety of bright light ex-
posure for humans, especially concerning the potential phototoxic
effects on the lens and/or the retina. Some early experiments in-
volved “full-spectrum” light sources that included UV spectra,
but there is now a consensus that UV spectra are unnecessary for
the phase shifting effect of light and should be avoided.” It has
been argued that light sources used for treatment, are less intense
than ordinary sunlight and therefore should be safe. However, the
use of light treatment in patients using photosensitizing drugs or
who have ongoing ocular or retinal pathology may be contrain-
dicated.”

If the goal is to synchronize the circadian system to the desired
(or required) sleep schedule, properly timed light exposure, in
principle, should be a useful intervention for most of the CRSDs.
Also, eliminating (or reducing) the unwanted effects of light on
the circadian system, for example wearing goggles to prevent
light-induced phase shifting, has been demonstrated in several
simulated shift work studies to be effective.?*8!

Buxton et al.? conducted an experiment to gather evidence
for a darkness PRC. Except for the scheduled sleep/dark periods,
subjects remained awake under constant routine conditions for
64 hours. Circadian phase was determined by serial sampling of
melatonin and TSH, and sleep was monitored with PSG. Expo-
sure to sleep and darkness in the morning (09:00—15:00) resulted
in phase delays, whereas exposure in the evening (19:00-01:00)
resulted in phase advances relative to controls. However, after-
noon naps (14:00-20:00) did not affect circadian phase. In other
words, not only is the timing of light exposure important, but it
appears that the timing of darkness (and/or sleep) may be impor-
tant as well.

One of the biggest drawbacks to timed light exposure (or light
avoidance) is the associated inconvenience or expense. To over-
come these problems, attempts have been made to integrate bright
lights into the work environment or to develop light sources that
can be worn like spectacles. Clinical trials of light therapy are
discussed later in this report in relation to the specific CRSDs

5.4.3 Circadian Phase Shifting with Timed Melatonin
Administration
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Armstrong, Redman, and Ng® were the first to show that
melatonin administration to animals could entrain free-running
rhythms. Subsequently Lewy et al.* showed that melatonin could
shift circadian rhythms in humans in a phase dependent manner.
Investigations of the human PRC show that melatonin administra-
tion in the morning shifts rhythms later while melatonin adminis-
tration in the evening shifts rthythms earlier. Thus, the melatonin
PRC is about 180 degrees out of phase with the light PRC,* and
therefore can be thought of, in a sense, as a “darkness signal.” It
is tempting to speculate that endogenous melatonin secretion at
night has some role in the sleep promotion or circadian stability,
but its function in humans (if any) remains to be clearly demon-
strated.

A variety of doses of melatonin have been given to subjects for
phase shifting, and the threshold for a chronobiological effect oc-
curs at physiological blood levels (about or below 50 pg/mL). The
dose-response curve for doses above 3 to 5 mg remains unclear.
Recent studies suggest that timing is more important than dose. In
fact, one study indicated that a high dose was less effective than
a low dose to entrain the circadian system of a blind individual to
the 24-h day, possibly because the high dose was active on both
the advance and delay portions of the melatonin PRC.* The phase
shifting potency of melatonin relative to light exposure when
these two agents are promoting shifts in opposite directions has
received little attention. In one study, the combination of evening
melatonin (5 mg) and evening bright light (5,000 lux) resulted in
no shift; apparently, the phase advance shift by melatonin and the
phase delay shift of light canceled each other out.?’

There may be some synergistic effect when light and melatonin
are used to promote shifts in the same direction. Recently Revell
et al.®® demonstrated that a combination of a gradual advancement
of the sleep schedule (wake time one hour earlier each morning)
combined with bright light upon awakening and melatonin (0.5 or
5 mg) in the afternoon, induced a maximal phase advance while
maintaining circadian alignment, suggesting a synergistic effect
of the treatments.

In addition to its phase shifting effects, melatonin may have
some direct soporific effects, especially at higher doses, and es-
pecially when administered during the usual wake period.* This
effect could account for some of its benefit in the treatment of
SWD and JLD.

Although melatonin has not been approved by the FDA as a
drug, it is widely available in the United States as a nutritional
supplement. Concerns have been raised about the purity of the
available preparations, as well as the reliability of stated doses.
However, no serious adverse reactions have been attributed to
melatonin use to date. Generally available formulations (3 mg)
produce blood levels that are “pharmacologic;” that is, typically
peaking at a 10-fold higher concentration than physiological blood
levels. Formulations that have a GLP (good laboratory practice)
stamp can be considered to be the most reliable.

Recently, a specific melatonin receptor agonist, ramelteon, has
been licensed as a hypnotic in the United States. Animal stud-
ies suggest that it has phase shifting effects that are analogous to
melatonin,” but no studies have been reported in humans.

Clinical trials of melatonin administration are discussed later
in this report in relation to the specific CRSDs

5.4.4 Other Phase-Shifting Treatments
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Physical activity has been reported to phase shift the circadian
clock in animals.”! Timed vigorous exercise has also been tested
for its phase shifting effects in humans; the available data suggest
that early morning exercise near the body temperature minimum
can induce circadian phase delay shifts®*** and that timed exer-
cise in the evening can induce circadian phase advance shifts.”
In addition, a combination of morning and afternoon exercise has
been reported to advance the circadian clock when subjects were
exposed to a shorter than 24-hour day.”

Early studies using daily vitamin B12 administration as a treat-
ment for CRSDs were promising,®®’ suggesting that it had a
chronobiologic effect; but a review of clinical response in a larger
cohort of patients with a mixture of CRSD diagnoses®® indicated
only modest benefit that may have been due to a placebo effect.
A double-blind, placebo-controlled, multicenter clinical trial of
vitamin B12 for DSPD* found no difference from placebo.

5.4.5 Symptomatic Treatment: Counteracting Insomnia

In CRSDs, there is a mismatch so that the circadian alerting
signal occurs during the desired (or required) time for sleep,
thereby generating insomnia, usually manifest as foreshortened
sleep. Hypnotic drugs have been tested to counteract unwelcome
clock-dependent alerting in patients with CRSDs, and examples
will be addressed in regard to specific disorders.

5.4.6 Symptomatic Treatment: Counteracting Excessive Sleepiness

The symptom of excessive sleepiness in CRSDs can be ex-
plained in two ways: 1) If circadian misalignment persists, fore-
shortened or inefficient sleep causes a build up of homeostatic
sleep drive. 2) Because of the circadian mismatch, clock depen-
dent alerting does not occur when the person is awake. Sleepiness
can be counteracted with stimulant medications, and this strategy
will be discussed later in this review in regard to specific disor-
ders.

In the remainder of this report, we turn to the applications de-
rived from circadian and behavioral science, described above, to
address our list of questions regarding two of the specific CRSDs;
shift work disorder (SWD) and jet lag disorder (JLD). As indicat-
ed above, a subsequent report will address the remaining CSRDs
(DSPD, ASPD, FRD, and ISWR).

6.0 SHIFT WORK DISORDER
6.1 Diagnostic issues

Shift work is a term that applies to a broad spectrum of non-
standard work schedules ranging from occasional on-call over-
night duty, to rotating schedules, to steady, permanent night work.
It can also apply to schedules demanding an early awakening
from nocturnal sleep. The heterogeneity of work schedules makes
it very difficult to generalize about shift work. Shift work is very
common; in fact, about one in five workers in the United States do
some form of shift work, women more than men.'®

The diagnosis of Shift Work Disorder (SWD) presumably ap-
plies to a subset of shift workers who meet ICSD-2 diagnostic
criteria, but the boundary between a “normal response” to the rig-
ors of night work, and a diagnosable disorder is not sharp; con-
sequently the prevalence of the disorder is unclear. As mentioned
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above, Drake, et al (level 3),® using questionnaire data from an
epidemiologic survey, found that 32.1% of night workers and
26.1% of rotating workers met the minimal criteria for SWD;
however, the methodology has significant limitations. In our liter-
ature search, we found that a formal diagnosis of SWD was rarely
used to describe subjects in shift work research studies.

It is likely that people are intolerant of shift work for a variety
of reasons, and that the diagnosis is applicable to a large and het-
erogeneous population. In addition to circadian arousal process-
es, attempted sleep at unusual times can be interrupted by noise,
social obligations, and other factors. Finally, there is an inevitable
degree of sleep deprivation associated with sudden transitions in
sleep schedule. For example, a night worker who stays awake
for 24 hours on the first night of a tour of duty is acutely sleep
deprived in the morning. In some patients with a CRSD, it may
be appropriate to make a dual diagnosis, including Behaviorally
Induced Insufficient Sleep Syndrome.

Conclusion: The formal diagnosis of SWD has rarely been used
in research studies. The validity and reproducibility of the AASM
diagnostic criteria need testing. The boundary between a normal
and a pathological response to the circadian stress of the unnatu-
ral sleep schedule associated with shift work remains unclear.

6.2 Risk Factors

6.2.1 Age

It has frequently been suggested that shift work becomes more
difficult with aging. This hypothesis has been addressed in sev-
eral ways. Harma, et al (level 4)!! initially found no effect of
age on CBT phase-shifting or nighttime sleepiness, but in a later
study, found that, after three nights, older workers showed less
circadian adaptation and were more sleepy (level 2).!2 More re-
cently, Monk et al (level 2),' in a laboratory study, found that
older subjects (67—87 years old) phase-shifted more readily in a
delay direction than in an advance direction; in this regard, older
subjects were similar to younger subjects.

In one large survey, done by the French government, age was
associated with a higher frequency of sleep disturbances and
hypnotic use which peaked at 52 years (level 4),! suggesting a
“selection effect” (intolerant workers quit their jobs), and then de-
creased at 62 years (level 2),' suggesting a “retirement effect;”
in other words, senior workers who were intolerant left the work
force. A survey of police officers (N=286) supported the sugges-
tion that older shift workers had more difficulty with sleep quality
and on-duty sleepiness, however many of the measures failed to
reach statistical significance (level 4).1%

Conclusion: More data are needed, but the current evidence
indicates that advancing age is a risk factor for shift work intol-
erance.

6.2.2 Gender

Female night workers tend to sleep less than men, possibly
because of social obligations that increase their vulnerability to
SWD. Using questionnaires and self-reports, Oginska et al (level
3)!%7 found that female crane operators got less sleep, and were
more likely to be drowsy on the job than males. A recent epide-
miologic study on the prevalence of SWD did not break down the
data by gender (level 3).?
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Conclusion: There may be a tendency for female workers to get
less sleep and to be more drowsy on the job that males, but the
evidence is weak (one level 3 study).

6.2.3 Timed Light Exposure

Eastman et al.?! initially suggested that night workers rarely
shift their circadian rhythms to match their daytime sleep sched-
ule because of continued exposure to the solar light dark cycle.
Subsequently, they showed, in shift work simulation studies, that
wearing dark goggles during the morning commute improves ad-
aptation (level 2).1%

Five field studies have examined the impact of natural light on
circadian adaptation in night workers. Dumont et al (level 3)!%
monitored 24-hour light exposure with ambulatory wrist moni-
tors for 3 consecutive nights in 30 permanent night workers and
assessed the degree of adaptation by measuring urinary aMT6s
every two hours as a phase marker. They found a strong asso-
ciation between sleeping in a darker bedroom during the day and
circadian adaptation.

Using a photometer mounted on spectacles, Koller, et al. (level
3)1° showed that successful permanent night workers avoided
bright light on their days off. In a subsequent study (level 3),'!! this
group (using a similar technique) showed an inverse correlation
between morning light exposure and adaptive phase shifting.

In a study exploring sunlight exposure related to seasonality,
offshore oil drill crews were found to adapt less well to night work
in March than in November, presumably because of greater morn-
ing light exposure in the spring (level 3)."? Night workers living
in the sunless Antarctic winter had difficulty returning to a con-
ventional day-active schedule (level 4).!13:114

Conclusion: Shift work simulation studies (level 2) and a few
field studies (level 3) indicate that daylight (or bright light) expo-
sure in the early morning can inhibit adaptative circadian phase
resetting. In the simulation studies, the inhibition of phase reset-
ting was successfully countered by wearing dark goggles.

6.2.4 Familial (Genetic) Predisposition

We found no studies relevant to this question.

6.3 Assessment Tools

6.3.1 Sleep Logs and Diaries.

To reiterate, sleep-wake diaries (sleep logs) have face validity
for the evaluation of the timing, quantity, and quality of sleep, but
their clinical utility for the evaluation of suspected SWD seems
clear.

6.3.2 The Morningness-Eveningness Questionnaire(MEQ)

According to the diagnostic manual,' individuals described as
morning types are thought to obtain shorter daytime sleep after a
night shift than those described as evening types. As such, MEQ
score might have predictive value in assessing adaptability to shift
work. The current literature search found five reports (two level
2)115:116 and three level 3¢%1"7118 that used the MEQ in studies of
night shift work. Four of these studies evaluated the phase-shift-
ing effect of judicious light and darkness exposure, and its value
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in adapting to night shift work. Of the four studies, however, only
one assessed the MEQ score in relation to predicting adaptability
to shift work; that is, Stewart et al. (level 3)'7 reported the MEQ
score to have little predictive power.

A fifth study (level 3),! investigated the influence of morning-
ness-eveningness as determined by the MEQ on sleepiness during
simulated night shifts. MSLT data analysis revealed the morning-
tendency (MT) group to have significantly shorter sleep latencies
between 00:30 and 04:30 hours (P <0.05) and to rate themselves
as significantly sleepier on the Stanford Sleepiness Scale than the
non-morning-tendency (non-MT) group.

Conclusion: One level 3 study suggests that morning types
may be significantly sleepier than evening-types during night
shift work. However, the validity and reliability of the MEQ score
in predicting adaptability to night shift work requires further re-
search.

6.3.3 Actigraphy

Conclusion: Actigraphy is a useful adjunct for the evaluation
of shifiworker sleep-wake patterns. Refer to the recent AASM
Standards of Practice.”*

6.3.4 Polysomnography

In the research literature, PSGs have been primarily used to
assess the effectiveness of such interventions as hypnotic medi-
cations for daytime sleep, or alerting medications for nighttime
alertness (see treatment section to follow). In principle, MSLT
or maintenance of wakefulness tests (MWTs) might be useful
in documenting shift work intolerance, but no field studies have
been done to test this hypothesis.

Conclusion: No studies have determined the specific utility of
PSG in assessing SWD. It appears that the primary value of PSG
is to rule out other sleep disorders.

6.3.5 Phase Markers

The diagnostic criteria for SWD stipulate that patients mani-
fest circadian and sleep time misalignment. The prevailing belief
has been that most night shift workers do not shift their endog-
enous rhythms to match their required sleep schedule. However,
some field studies, using standard circadian phase makers, have
documented phase resetting without treatment, at least in some
people (level 2),1%11L119120 g6 not all shift workers suffer circa-
dian misalignment. Furthermore, it has been suggested that there
are individual differences in tolerance to circadian misalignment,
termed phase tolerance (level 2);'?! thus, some individuals may
be relatively asymptomatic even though their underlying rhythms
are not appropriately synchronized with sleep.

6.3.5.1 Core Body Temperature Rhythm
Core temperature monitoring employing a mathematical algo-
rithm for de-masking has been used to assess phase shifts in simu-

lated shift work studies,?#¢81:122123 byt this technique is difficult to
carry out in the field.

6.3.5.2 Melatonin Rhythm
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There are a few field studies in which the melatonin rhythm was
used to assess phase in actual night workers. Roden et al. (level
3)"2* found that night workers with a high degree of work satisfac-
tion did not usually lose the diurnal orientation of their melatonin
rhythms, indicating that factors other than reorientation of the cir-
cadian system may be important for high tolerance to shift work.
Similarly, a study that measured aMT6s in urine collected every 2
hours for 24 hours to determine circadian phase in 15 night work-
ers, unexpectedly found no correlation of phase with sleep quality
(level 3).'% In another study of hospital night workers, the DLMO
was used to assess the degree of phase resetting after seven nights
of work and after seven days off (level 2).!%¢ After the week off,
on a conventional schedule, the DLMO was in the typical phase,
but after the week of night work, the phase ranged from no shift to
complete adaptation. In a study of light treatment, salivary mela-
tonin was successfully employed to document the phase shifting
effects of timed light exposure (level 3).1¢

Conclusion: The limited research employing circadian phase
markers has shown that night workers are quite variable in their
circadian adaptation. If the DLMO were to become an available
clinical tool, the degree of circadian adaptation could be objective-
ly assessed in individual patients and phase shifting treatments (if
indicated) could be evaluated for their effectiveness. On the other
hand, some studies have found a lack of correlation between cir-
cadian phase alignment and other measures of adaptation to shift
work (such as self-reports of sleep and overall satisfaction with em-
ployment), suggesting that, in addition to phase congruence, other
variables may be important to the disorder of SWD.

6.4 Treatment

6.4.1 Prescribed Sleep/Wake Scheduling

There has been considerable interest in the possibility that cer-
tain work schedules are more conducive to circadian adaptation
than others; for example, Czeisler et al.'?’ found that a clockwise
rotation, rather than counterclockwise rotation, was favored by
workers, consistent with the understanding that delaying sleep
times should be easier than advancing. Another proposed shift
work schedule involves gradual phase shifts that are consistent
with the principle that the circadian pacemaker can only be reset
an hour or two per day.'”® On the other hand, some experts have
argued that a rapidly rotating schedule is more rational since it
minimizes the time spent in a desynchronized state,'? while others
could argue for longer runs (more consecutive days) of shift work
that provide an opportunity to achieve a degree of synchroniza-
tion. Another issue in shift work scheduling is the length of the
shift. Extended duty shifts (10-12 h) have become more popular
because they maximize time off from work. As shift work sched-
uling is a highly specialized occupational consulting activity, and
includes questions of safety and productivity, it is usually beyond
the scope of clinical practice, and we did not formally review the
scientific literature on this topic.

Planned napping is another form of prescribed sleep/wake
scheduling, and more likely to be utilized as a clinical interven-
tion. In a shift work laboratory simulation study (using experi-
enced shift workers), Sallinen et al. (level 2)"° compared four
naps strategies (50 or 30 minutes at 01:00 or 04:00) to no naps
(the control condition). Napping resulted in improved reaction
times in the second half of the night. The early naps produced
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increased alertness (assessed by PSG sleep latency).

In an uncontrolled trial, planned napping for up to one hour
was shown to counteract sleepiness on the job, and did not un-
dermine the main sleep bout (level 4).1*! In a retrospective survey
of police officers, napping before night shift duty was associated
with fewer accidents (level 3).!3? Purnell et al. (Ievel 2)'33 showed
that a 20-minute nap at 03:00 resulted in improved performance,
with no significant sleep inertia and no effect on daytime sleep.
In both a laboratory and field study, Schweitzer et al. (level 1)'3
showed that napping before the night shift, especially when com-
bined with caffeine, improved alertness as assessed with MSLT
and psychomotor vigilance testing.

Conclusion: The evidence for planned napping before, or on
the job, to counteract shift work sleepiness is limited but consis-
tent in demonstrating an increase in alertness on the job.

6.4.2 Circadian Phase Shifting

Assuming that the primary pathophysiology of SWD relates to
circadian misalignment, it follows that corrective phase shifting
is a rational treatment, with the caveat that some workers would
prefer to align their rhythms to their days off rather than to their
work schedule. Most studies of phase shifting have involved shift
work simulations; field trials are much less common.

6.4.2.1 Timed Light Exposure

There is a sizable literature investigating the effects of bright
light exposure on recruited research subjects who simulate a night
shift sleep-wake schedule (level 2)3480.108.12L123.135-137 "(Jeye] 3).53 In
some studies, the effect of restricting light exposure in the morn-
ing was also investigated (level 2).88! These studies provide com-
pelling evidence that, in a controlled setting, appropriately timed
bright light treatment (or avoidance) can shift circadian rhythms
as predicted from a light PRC.

Altering the timing of sleep can also shift rhythms, possibly
by altering the exposure to light. For example, Santhi, et al.(level
3)"38 showed in a simulation study that a pre-nightshift sleep epi-
sode (14:00-22:00) advanced circadian phase (DLMO) by nearly
an hour while post-night shift sleep episode (08:00-14:00) de-
layed circadian phase.

Because of the limitations of space, simulation studies are not
reviewed in detail, but are listed in the posted evidence table.
Simulation studies provide important principles that can underlie
rational treatment; but in order to confine our evidence review
to clinical data, we focused our review on six field studies that
involved actual shift workers.

Using a within-subject design, Costa et al.'** exposed 15 night
duty nurses, working on a fast-rotating schedule, to bright light
(2350 lux) for four 20-minute periods throughout their shift,
for the two days they were on night duty. There was substantial
subjective improvement in self-ratings and in psychomotor per-
formance tests, but no shift in the rhythms of cortisol, CBT, or
aMT6s.

In the study by Budnick et al.(level 3),'° 13 rotating shift work-
ers were exposed for three months of bright light (6000 to 12,000
lux) on the job for at least 50% of their shift. Compared to ordi-
nary light, circadian phase resetting and subjective improvements
in work time alertness were reported with bright light treatment,
but the effects on sleep were mixed.
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In a small but controlled study, Stewart et al. (level 3)!7 ex-
posed eight night workers to bright light (8800-10,670 lux) during
the first half of their shift. Compared to the eight control subjects,
self-reported daytime sleep was improved, as were other subjec-
tive measures, but no objective assessments of sleep or circadian
phase were performed.

In the study conducted by Boivin et al. (level 3),!"® nine nurses
were instructed to remain under a bright light (2500 lux), as much
as their shift allowed, for the 12 consecutive nights they were on
duty. They were also given goggles to wear during the morning
commute, and they were instructed to attempt sleep and remain in
absolute darkness for eight hours after they got home. Nine un-
treated nurses served as controls. The treatment produced a robust
shift in phase markers (CBT, salivary melatonin), but the effects
on sleep and alertness were not reported.

Using a repeated measures, crossover design Yoon et al. (level
2)"! administered three different light treatments to 12 night nurs-
es for four consecutive nights: 1) room light (control), 2) bright
light (4000-6000 lux from 01:00 to 05:00), and 3) bright light
with sunglasses for the morning commute. Self-rated alertness
and performance were most improved with the third (combined)
treatment.

Using a crossover design (level 3), Lowden et al.'*? exposed 18
factory production workers to bright light (2500 lux) for 20 min-
utes (during their break) for four weeks, mostly between 03:00
and 04:00. Self-reported alertness and mood were significantly
improved. Baseline salivary melatonin concentrations correlated
with sleepiness, and bright light suppressed melatonin secretion.

Night workers at an oil platform in the North Sea were treated
with bright light for 30 minutes per exposure during the first four
nights of their 14-day work period (applied to promote a phase
delay) and then for the first four days after returning home. Sub-
jective adaptation to night work was moderately improved with
bright light, however, the adaption was more pronounced during
the re-adaption to home phase (level 4).'

Conclusion: It is difficult to devise a credible placebo control
for light treatment studies, and no placebo-controlled trials of
light therapy of shift workers have been conducted. The intensity
and timing of the light exposure in field studies has been quite
variable. All of the studies involved relatively few subjects. The
limitations of these studies illustrate some of the difficulties incor-
porating bright light treatment into the workplace. Nevertheless,
bright light treatment has clearly been shown, in simulated shift
work studies, to promote phase shifting and circadian realign-
ment. If bright light can be accommodated in the work environ-
ment, and if it is timed appropriately, the evidence indicates that
it could be an effective treatment.

6.4.2.2 Timed Melatonin Administration

We found two shift work simulation studies that were relevant.
Using a crossover design Sharkey et al. (level 1)!** treated 21 nor-
mal subjects with melatonin (1.8 mg, controlled-release) prior to
daytime sleep after two nights of simulated shift work. Melatonin
improved daytime sleep only on the first daytime sleep, but did
not improve alertness at night. In a randomized, placebo-con-
trolled, cross-over design, Sharkey and Eastman (level 1)!¢ treat-
ed 32 subjects with melatonin (0.5 mg or 3.0 mg) or placebo prior
to sleep in the afternoons/evenings (a 7-h advance of the sleep
schedule) for seven days of simulated night work, and circadian
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phase was assessed by DLMO and CBT. Melatonin treatment
produced a significantly enhanced phase advance.

We found four level 2 studies and one level 3 study conducted
in the field using melatonin prior to day sleep in night workers;
none of the subjects were formally diagnosed with SWD.126:145-148

In the earliest study, using a randomized crossover design
Folkard el al. (level 3)* treated 17 police officers on a rotating
schedule with melatonin (5 mg) prior to day sleep for six days
(although only seven subjects completed the placebo arm). Mela-
tonin treatment produced an increase in self-rated sleep quality
and duration. It was unclear whether this was a direct hypnotic
effect or a phase shifting effect.

In a randomized, crossover study, James et al. (level 2)* treat-
ed 22 paramedics with melatonin (6 mg) or placebo prior to day-
sleep for 4 to 6 days, on four occasions (two blocks of each treat-
ment). There were no differences between melatonin and placebo
treatment in self-ratings of sleep and alertness.

In a randomized, crossover study Jorgensen and Witting (level
2)%6 treated 18 emergency room physicians with melatonin (10
mg, sublingual) or placebo prior to day sleep for two to five
nights. There were no significant differences between melatonin
and placebo on measures of sleep or nighttime alertness.

Using a repeated measures crossover design, Yoon et al. (level
2)'8 treated 12 night shift nurses for two days prior to daytime
sleep with melatonin (6 mg), melatonin (6 mg) combined with
morning light avoidance, or placebo. Melatonin, either alone,
or in combination with light avoidance, resulted in a significant
increase in total sleep time (TST) as estimated from sleep logs.
Morning light avoidance did not enhance the effect.

In a randomized, crossover study Sack et al.(level 1)1 treated
24 nurses working seven consecutive 10-h night shifts alternating
with seven days off, with melatonin (0.5 mg) taken prior to sleep
in all conditions. Circadian phase (DLMO) was measured at the
end of each week. Although nine of the subjects inverted their
DLMO almost completely on placebo, and eight failed to shift
on either treatment; there was a subgroup of seven subjects who
shifted with melatonin treatment but not placebo.

Conclusion: The evidence of benefit for melatonin administra-
tion prior to daytime sleep is mixed. The variability in shift sched-
ules, as well as melatonin dosage and timing, makes it is difficult
to draw firm conclusions. There are good theoretical reasons why
melatonin (or melatonin agonists) might benefit daytime sleep in
night workers, and more research is needed. Observed improve-
ment in day sleep may be related to a hypnotic effect as well as a
phase shifting effect.

6.4.2.3 Promoting Sleep with Hypnotic Medication

We found three night work simulation studies that used hyp-
notics to promote daytime sleep and potentially night (wake-
time) alertness.!*-1>! Both studies by Walsh et al. (level 1)1
employed a crossover design to test triazolam 0.5 mg'*® and 0.25
mg'S! vs. placebo prior to daytime sleep after five days of simu-
lated night work. Although the duration and quality of daytime
sleep improved with triazolam, there was no significant improve-
ment in alertness (assessed by MSLT) during the night. The 0.5
mg dose was higher than the currently prescribed standard.

In another simulation study, Porcu et al. (level 2)" treated
eight subjects with temazepam (20 mg) for a single day sleep
(14:30 to 22:00) that was followed by a night of testing, includ-
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ing MSLTs and MWTs. Treatment, compared with the control,
lengthened sleep by about two hours. Although the night MSLT
was not affected by treatment, the MWT improved, suggesting
that the two dimensions of sleepiness are differentially affected
by treatment.

We found just two field studies involving hypnotics given to
improve daytime sleep in night workers. In a well-designed ran-
domized, double-blind, placebo-controlled trial Monchesky et al.
(level 1)1 treated 25 assembly line workers with zopiclone 7.5
mg at bedtime and 25 control subjects with placebo for 13 days.
Self-rated sleep quality and duration were significantly improved
by hypnotic treatment.

Using a crossover design, Moon et al. (level 2)!3 treated 12
air force radar personnel on a rotating two-night, two-day work
schedule with zopiclone (7.5 mg) or placebo for two cycles. Self-
rated sleep was improved without any apparent impairment of
psychomotor performance while awake.

A small (N = 15) non-blind study tested triazolam 0.25 mg
in night workers complaining of disturbed sleep (level 3)!** and
found improvement in self-rated sleep and quality of life.

Conclusion: Night shift simulation studies have consistently
demonstrated that hypnotics increase daytime sleep; however,
some studies raise doubts that treatment improves nighttime
alertness. There are only two double-blind field studies, and both
employed a hypnotic drug (zopiclone) that is not available in
the United States; also, they did not employ objective outcome
measures of sleep. Even though field trials for shift work related
insomnia are scarce, the abundant clinical trials carried out for
other types of insomnia are probably relevant to shift work-related
insomnia. However, hypnotic treatment for daytime sleep in night
shift workers raises some distinctive issues regarding nighttime
performance and safety. Given the array of currently available
hypnotic drugs, with varying pharmacokinetic profiles, additional
studies are needed.

6.4.2.4 Promoting Alertness with Stimulant Medication

In a double-blind, crossover, placebo-controlled trial Hart et al.
(level 2)! assessed the effects of the stimulant methamphetamine
(10 mg) given prior to night duty, and zolpidem (10 mg) prior to
daytime sleep—as well as a combination of the two treatments—
on performance, mood, and sleep, in eight healthy normal adults
undergoing a simulated, rotating shift schedule across 21 days in
a residential lab context. They concluded that methamphetamine
reversed most of the adverse consequences of night work, but that
zolpidem alone, or the combination, had mixed effects.

In a double-blind, parallel group design study (level 1), Walsh
et al.’ tested modafinil (200 mg) vs. placebo given an hour prior
to four consecutive simulated night shifts. Modafinil significantly
improved alertness (assessed by MWT) and psychomotor perfor-
mance.

In the largest double-blind, placebo-controlled shift work field
study to date, Czeisler et al. (level 1)*7 tested modafinil as a treat-
ment to counteract excessive sleepiness during night work. A total
of 209 subjects diagnosed with SWD were randomized to either
modafinil 200 mg (N = 96) or placebo (N= 108) administered at
the start of each shift. At baseline, and then on three occasions
one month apart (after three or more nights of work), the subjects
reported to a laboratory setting for a night of simulated shift work
involving laboratory testing. Outcome measures included MSLTs,
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clinical symptom ratings, and simple reaction time performance
testing. Modafinil produced a modest but highly significant
lengthening of MSLT assessed sleep latency (1.7 + 0.4 vs. 0.3
+ 0.3 minutes; P = 0.002), indicating decreased sleepiness. Self-
rated symptom improvement occurred in 74 % of those treated
vs. 36 % on placebo. There were concomitant improvements in
performance measures.

It is notable that in this study, both treated and untreated pa-
tients manifested sleepiness during the night shift that was compa-
rable to patients with a primary sleep disorder (e.g., narcolepsy);
although modafinil counteracted the sleepiness, it did not restore
alertness to daytime levels. It is unknown whether a higher dose
would have produced a more robust effect.

In a number of studies (see evidence table), caffeine has been
shown to be an effective countermeasure for sleepiness during
experimentally induced sleep deprivation.!s”!%* Although acute
sleep deprivation can be an aspect of SWD, these studies were
not primarily focused on shift work and were not abstracted nor
graded.

We found just one field trial of caffeine given alone (4 mg/
kg 30 minutes prior to the night shift), and in combination with
napping (level 1).1** Caffeine was shown to counteract nighttime
sleepiness, but the combination was shown to be more effective.

Conclusion: There is compelling evidence that modafinil can
improve nighttime alertness in shift workers (and has received
FDA approval for that indication). Caffeine is not considered a
drug, but has been demonstrated to improve alertness in simu-
lation studies and in one well-controlled field study. One study
found that methamphetamine improved alertness, but this drug
has serious abuse potential.

7.0 JET LAG DISORDER
7.1 Diagnostic Issues

The symptoms of jet lag disorder (JLD) are generated by cir-
cadian misalignment, the inevitable consequence of crossing time
zones too rapidly for the circadian system to keep pace. Depend-
ing on the number and direction of time zones crossed, it may
take days for the circadian system to resynchronize. The intensity
and duration of the disorder are related to: 1) the number of time
zones crossed, 2) the direction of travel, 3) the ability to sleep
while traveling, 4) the availability and intensity of local circa-
dian time cues, and 5) individual differences in phase tolerance.
Jet lag is usually benign and self-limited, but can occasionally
have serious consequences (an aircraft pilot error or misjudged
business negotiation). Also, travel time is precious, and therefore
treatment, if safe and effective, is justified.

7.2 Risk Factors

1.2.1 Age

While there are no large systematic studies addressing the role
of age as a potential risk factor for the development of jet lag,
there are some data to suggest that older individuals may be less
prone to experiencing the symptoms of jet lag. In a case series of
85 athletes, academics, and coaches traveling eastward across 10
time zones, multiple regression analysis revealed that older sub-
jects experienced fewer jet lag symptoms than younger subjects,
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though the effect was quite modest (1 unit less on a 10 unit scale)
(level 4).'> However, this is consistent with data from a smaller
study of 33 pilots crossing 7 to 8 time zones (both eastward and
westward) that found that those over the age of 50 experienced
lower levels of anxiety and tiredness following travel than the pi-
lots younger than 50 years old (level 2).!¢ In contrast to these
field study findings, a small simulation study of 14 men found
that those in a “middle-aged” group (ages 37-52 years old, n =
8) did not tolerate a six-hour time advance as well as those in
the “young” group (ages 18-25 years old, n = 6) (level 4).17 In
particular, the middle-aged group had more fragmented sleep (as
measured by PSG) and reported feeling less alert following the
shift than the younger group. Interestingly, while the middle-aged
individuals had larger swings in other mood parameters with the
time shift, they were, on average, less “weary,” happier, and re-
ported a greater sense of well being than the younger group. Some
of the seemingly different findings from these studies may be,
explained in part, by the differences in the age groups studied as
well as the issues surrounding field vs. simulation methods.

Conclusion: Limited available data suggests that older individ-
uals may experience fewer jet lag symptoms compared to younger
individuals. However, the quality of the data is rather poor and
further research is needed to better define the relationship be-
tween age and the development of JLD.

7.2.2 Gender

Gender as a potential risk factor for the development of JLD
has not been adequately studied and no firm conclusions can be
drawn. Many studies have included only male subjects, and only
one case series has sought to analyze gender as a risk factor. Us-
ing multiple regression analysis, males were found to go to sleep
later and experience less subjective fatigue in the first two days
after arrival following a flight across 10 time zones in an eastward
direction (n = 85, males = 54) (level 4).'

Conclusion: The data are insufficient to allow any conclusions
regarding gender as a risk factor for JLD.

7.2.3. Light Exposure

It might be more difficult to adapt to local time in the short days
of winter when less ambient light is available to resynchronize
the internal clock. However, no studies have been conducted to
address this specifically. Utilizing variable light intensities for 3.5
hours in the morning of the 3 days preceding prospective east-
ward travel, one simulation study found slower phase advances
and more jet lag symptoms in those exposed to dim light versus
continuous bright light (level 2).1® This study will be further dis-
cussed in the section on light therapy as a treatment of jet lag.

Exposure to the local light-dark cycle usually accelerates ad-
aptation after jet travel between 2 to 10 time zones. However, as
Daan and Lewy have pointed out (level 4)!%° exposure to morning
light after an eastward flight of more than eight time zones could
retard adaptation to local time because it would be “hitting” the
wrong area of the light PRC. Likewise, late evening light follow-
ing a westward flight could retard adaptation for the same rea-
son. Although this suggestion is congruent with current circadian
models, the supporting data are very limited.

Conclusion: Light exposure as a risk factor for the develop-
ment of JLD has been inadequately studied and thus no conclu-
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sions can be drawn.

7.2.4 Familial (Genetic) Predisposition

We found no studies bearing on this question.
1.2.5 Miscellaneous Risk Factors

Numerous potential risk factors for the development of jet lag
have been mentioned in the literature, though most have not been
studied in any type of controlled fashion. Some of these factors
include: sleep deprivation preceding travel, air pressure and qual-
ity, excessive caffeine intake, excessive alcohol use, and the time
of destination arrival. While most of these factors have theoretic
underpinnings for why they might promote jet lag, only the time
of destination arrival has been evaluated, and this is only in a case
series. Following eastward travel across 10 time zones, midday
arrivals experienced fewer jet lag symptoms than morning arriv-
als in a case series of 85 subjects (level 4).1% This could be related
to the timing of light exposure at the destination, as theorized by
Daan and Lewy.'® Further work would be required to clarify this
as well as the risk posed by the other factors mentioned.

Conclusion: A number of additional risk factors for the devel-
opment of JLD have been proposed, though data are lacking to
support any conclusions.

7.3 Assessment Tools

7.3.1 Questionnaires

In a simulation study of eastward traveling subjects, continu-
ous morning bright light exposure in the days preceding travel ad-
vanced the circadian rthythm and reduced jet lag symptoms more
effectively than dim light (level 2).!%® In this study, there were no
significant differences among the subjects for the different light
groups in MEQ score (average was 52.1 + 8.5) at baseline. Po-
tentially, knowledge of the MEQ score could be used as a conve-
nient means of assessing the endogenous circadian phase and thus
the optimum time for bright light exposure (pre- or post-flight)
to reduce jet lag symptoms. However, the current search criteria
did not find any such studies evaluating the use of the question-
naire in this manner. In addition, no other questionnaires have
been tested at present as tools to risk stratify individuals for the
development of jet lag symptoms.

The diagnostic criteria for jet lag as established by the ICSD-2
rely on subjective complaints in the appropriate setting. In re-
search studies, a variety of questionnaires have been utilized to
assess for the presence and severity of jet lag. Only one of these,
the Columbian Jet Lag Scale, has been validated (level 1).!° This
questionnaire rates 9 symptoms associated with jet lag each on a
four-point scale and has a high internal consistency (Cronbach’s
alpha = 0.78-0.94). However, given the transient nature of jet lag,
routine use of questionnaires to establish the diagnosis has not
been actively pursued in the clinical arena.

Conclusion: No study has examined the utility of the MEQ in
assessing risk for the development of JLD. The Columbian Jet
Lag Scale has been validated as a tool for measuring the symp-
toms of JLD in a standardized fashion, though likely has no role
outside the research setting.
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7.3.2 Actigraphy

Actigraphy has been utilized in numerous jet lag studies as part
of the assessment of rest-activity. Only one study attempted to val-
idate this as an adequate tool for assessing jet lag-related changes
in the rest-activity cycle (level 1).!7! In this study, actigraphically
measured rest-activity shifts correlated well with the number of
time zones traversed in both eastward (approximately 34 minutes
for every time zone crossed) and westward (approximately 1 hour
for every time zone crossed). Unfortunately, these findings were
not correlated with other measures of circadian rhythms or sleep,
and thus further validation in the setting of jet lag is still needed.

Conclusion: Actigraphy appears to have face validity for as-
sessing rest-activity patterns in the setting of JLD, though corre-
lation with circadian markers has not been demonstrated. Its role
in the evaluation and management of JLD in clinical practice has
not been established.

7.3.3 Polysomnography

PSGs have been performed as part of the treatment response
assessment for jet jag, though primarily in the laboratory setting
of simulated jet lag (level 2).17>!7* Only one study to date utilized
PSG as well as a limited sleep latency test (2 nap opportunities) to
assess sleep and sleepiness in a field study of 27 subjects undergo-
ing a 7-hour eastward flight (level 2).!”* Compared to a baseline
night of PSG recording, subjects in the placebo arm of this study
(n =9) had no change in their total nocturnal sleep time or sleep
efficiency during the 9 nights following the trip. However, prolon-
gation of the sleep latency was noticed by night 4 during recovery
and persisted through night 8. Increased slow wave sleep and de-
creased REM sleep time were seen on the first night post-travel,
but these changes normalized on subsequent nights. The limited
sleep latency testing in the placebo group suggested significant
daytime sleepiness with sleep latencies always <10 minutes dur-
ing 10 days of recovery testing. These findings, coupled with the
logistical practicality of PSG field testing, limit this tool to re-
search endeavors only.

Conclusion: The transient nature of JLD coupled with the im-
practicality of performing portable PSGs limit this tool to the re-
search setting only.

7.3.4 Phase Markers

A number of circadian phase markers have been utilized in the
study of jet lag, mostly in terms of phase response to treatments.
Circadian phase markers that have been studied include both skin
temperature (level 2)'%, CBT readings (level 2);7¢!"® salivary
melatonin (level 2),'” salivary dim light melatonin onset (level
2),198180 and urinary melatonin (level 2)' (level 4);'8! salivary
cortisol (level 2),'” urinary cortisol (level 2),'%¢1¥2 and plasma cor-
tisol (level 2),'7? plasma growth hormone (level 2);!7? and plasma
TSH (level 2).' However, in terms of clinical practice, circadian
markers are of limited value for assessing or treating jet lag.

In one study, circadian phase markers (urinary melatonin and
cortisol) were examined in the assessment of jet lag in pilots fly-
ing across 7 or 8 time zones in both directions (level 2).! The
endogenous circadian rhythms were found to be out of phase with
the local time, as expected, though the rhythms were also out of
phase with one another (internal desynchronization). Of perhaps
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even greater importance, following a 2-day layover, the pilots
were noted to be flying the return flight home during their circa-
dian trough in terms of alertness and near their peak melatonin
level.

Conclusion: While a number of circadian phase markers have
been examined in JLD, these have been utilized to assess the
phase response to treatment interventions. In terms of clinical
practice, this would be of little value. Determining an individu-
als underlying circadian rhythm by phase marker analysis prior
to travel could theoretically have some utility in assessing risk
and treatment strategies for JLD. This approach has not been
investigated yet.

7.4 Treatment

7.4.1 Prescribed Sleep Scheduling

While it makes sense for travelers to attempt to adopt the sleep
schedule of their destination upon arrival in hopes that this will
speed up entrainment, the impact of this has not, in fact, been
well-studied. In a balanced crossover field study, investigators
examined adapting to destination sleep hours vs. keeping home-
base sleep hours during a two-day layover after a 9-h westward
flight (level 2).!*3 The group that kept home-based sleep hours ex-
perienced reduced sleepiness and global jet lag ratings compared
to the group that adopted destination sleep hours, in part related to
longer and better quality sleep during the layover. However, the
home-based sleep hours group had a longer awake period from
the last layover sleep to first recovery sleep following the return
flight (37.5 hours vs. 30.6 hours for the destination sleep group).
In addition, one third of the subjects in the study expressed a pref-
erence for adopting destination sleep hours in order to be in synch
with local social activities and eating schedules.

Another approach has been to adjust the sleep schedule (and
thus the circadian rhythms) in the days preceding flight to more
closely match destination sleep hours. One such study success-
fully phase advanced the sleep schedule prior to simulated east-
ward travel using light therapy (level 2).1® This study was pri-
marily designed to determine the effects of light exposure (see
below) and did not include a non-phase advanced control group.
Likewise, in a follow-up study by this same group, advancing the
sleep schedule by 2 hours per day vs. 1 hour per day via morning
intermittent bright light coupled with advancing wakeup time was
more successful at advancing the circadian rhythms by the day of
simulated eastward travel, though only marginally (DLMO ad-
vanced by 1.8 h vs. 1.5 h respectively) (level 2).1% Of interest,
the 2-h advancing group did not show an increase in sleepiness
over the three treatment days, while the 1-h advancing group did.
However, jet lag symptom scores were only different between
the groups on treatment day two. As in the previous study, a non-
phase advanced control group was not included. No studies have
been performed using this approach for westward travel.

Conclusion: One level 2 study supports staying on a home-
based sleep schedule when time at destination is planned to be
brief (i.e., two days or less) in order to limit jet lag symptoms.
There are some data (level 2) from simulated jet lag studies to
support altering the scheduled timing of sleep prior to eastward
travel to help with entrainment, though the impact of this on jet
lag symptoms is not entirely clear.

CSRD review part |—Sack et al



1.4.2 Circadian Phase Shifting

7.4.2.1 Timed Light Exposure

Current circadian theory would suggest that, after rapid travel
across multiple time zones, the amount and timing of light expo-
sure on arrival should have important consequences in determin-
ing the speed and direction of re-entrainment.

An early field trial provided a suggestion of benefit from timed
light exposure (as well as light avoidance at the “wrong” circadi-
an time) but the study involved only two subjects (level 4).1® This
report subsequently led to numerous studies evaluating the impact
of timed light exposure on sleep in phase-shifting experiments.
These studies were nicely reviewed by Boulos et al. in 19958 and
will not be reviewed here.

In the most recent simulation experiment to test whether timed
light exposure could be a potential treatment for jet lag, 28 subjects
were phase-shifted in the laboratory in anticipation of an eastward
flight (level 2).!%8 Their sleep schedule was shifted earlier by one
hour per day for three days. Each morning, upon awakening, they
were exposed to 3.5 hours of light presented as either continuous
bright light (>3000 lux, n = 8), intermittent bright light (>3000 lux
alternating 0.5 hours on with 0.5 hours off, n = 11) or “ordinary”
dim indoor light (<60 lux, n = 9). The average DLMO phase ad-
vances in the continuous bright light, intermittent bright light and
dim light groups were 2.1, 1.5, and 0.6 hours, respectively (P <
0.01 for the continuous and intermittent vs. the dim light group).
No increase, as compared with baseline, was seen in the jet lag
symptom score in the continuous light group, while a significant
increase was noted in the intermittent and dim light groups.

We found only one published controlled field study of light
treatment for jet lag (level 2).1*° In this small, randomized, con-
trolled trial, subjects received either 3 hours of bright (3000 lux)
light exposure from head-mounted goggles or 3 hours of dim (10
lux) red light at 19:00 local time for two evenings following a
westward flight from Zurich to New York. A greater phase delay
(1 hour) in the salivary melatonin-determined DLMO was seen
in the bright light group (P < 0.02), but there were no significant
differences in sleep or other performance measures (jet lag scale,
psychomotor performance, or mood).

Conclusion: In a jet lag simulation study (level 2), appropri-
ately timed bright light exposure prior to travel was able to shift
circadian rhythms in the desired direction but would require high
motivation and strict compliance with the prescribed light-dark
schedule if prescribed clinically. One field trial (level 2) with arti-
ficial light exposure upon arrival produced equivocal results.

7.4.2.2 Timed Melatonin Administration

We found 12 double blind, placebo-controlled field trials of
melatonin for jet lag published as full manuscripts—five level 1
studies!7*1818 and seven level 2 studies.!7+176:179.182.190-192 \fe]ato-
nin was administered in doses ranging from 0.5 to 10 mg, typi-
cally at local bedtime, for up to 3 days prior to departure and up
to 5 days upon arrival at the destination. A variety of outcome
measures were employed including subjective ratings scales of jet
lag symptoms, sleep logs, and standardized mood scales as well
as, in a few studies, objective measures of sleep (PSG and modi-
fied sleep latency testing)(level 2)!7* and actigraphy (level 2 and
1).17418 The quality of the studies was generally high, although
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only a few utilized circadian markers as objective indicators of
circadian phase (level 2).17417

In the studies that specifically examined symptoms of jet lag,
the majority found an improvement in jet lag symptoms with mel-
atonin (level 1),"37133(level 2).1821°¢192 In the two studies that failed
to show an improvement in jet lag scores, one (level 2)'7¢ found
that although melatonin was more effective than placebo during
the first thee days post-travel, a significant improvement was not
seen as the data were analyzed by the first six days after travel.
In the other negative study (level 1) the subjects may not have
been at their circadian baseline preceding travel, and this likely
impacted the results.

The remaining studies examined the effect of melatonin on
either sleep (not daytime jet lag symptoms) or circadian entrain-
ment following travel. These (level 1 and 2) studies consistently
found that melatonin improved the duration and quality of sleep
as measured both subjectively and objectively.! 71818 Aside from
this hypnotic effect, melatonin treatment may well accelerate cir-
cadian phase resetting to the new time zone, but evidence from
field studies using circadian markers is limited. The strongest data
supporting the impact of melatonin on entrainment comes from a
study that examined the effect of melatonin on cortisol rhythms
in subjects crossing 7 time zones in an eastward direction (level
2).!7 Compared to placebo, melatonin accelerated entrainment 4
days faster (6 days for melatonin vs. 10 days for placebo). This
improvement mirrors that found in another study that used oral
temperature as a circadian phase marker (level 2)'* and noted
signs of entrainment three days earlier in those on melatonin
compared to placebo.

It is of interest that most studies have tested melatonin for east-
ward flight, for which taking melatonin at bedtime could involve
benefits from both soporific and phase-resetting mechanisms.
With westward flight, melatonin taken at bedtime could, in theory,
inhibit phase resetting. However, in two randomized, controlled
trials exploring the use of melatonin following westward travel
(level 2)P112 improvements in jet lag scores and sleep were seen.
It should be noted that in both of these studies, subjects crossed
12 or more time zones.

There is no strong evidence for a dose response for melatonin
treatment, but larger doses may have a stronger hypnotic action.
In a dose comparison study, 5 mg immediate-release melatonin
was found to be much more effective at relieving symptoms of
jet lag than a 2 mg slow-release formulation, though only margin-
ally more effective than a 0.5 mg immediate-release formulation
(level 1)."*7 Thus, the timing of release and not the actual dosage
appears relevant. Only one study has looked at using melatonin
in combination with another agent for the management of jet lag
(level 1).!%8 This study, described in detail in the section below,
did not find benefit for the combination of melatonin and zolpi-
dem.

Adverse effects resulting from taking melatonin were, by and
large, not evaluated in most of the studies. In the few studies
where potential side effects are mentioned, they were not found
to be different between active treatment and placebo groups. Dif-
ferentiating adverse effects of melatonin vs. symptoms of jet lag
may be difficult and limit accurate reporting. Thirty eight percent
of subjects taking melatonin in one study'’® developed a “rock-
ing” sensation and one subject developed difficulty breathing and
swallowing 20 minutes after taking melatonin.!”

Conclusion: Although two of the studies were negative (level
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1 and level 2), the evidence is overall quite supportive that mela-
tonin, administered at the appropriate time, can reduce the symp-
toms of jet lag and improve sleep following travel across multiple
time zones (4 level 1 studies and 6 level 2 studies). Immediate-
release formulations in doses of 0.5 to 5 mg appear effective (one
level 1 study).

7.4.2.3 Promoting Sleep with Hypnotic Medication

We found nine field trials utilizing hypnotic agents to allevi-
ate jet lag induced insomnia. Five of these studies examined the
newer (non-benzodiazepine hypnotics) class of hypnotics (level
1),!88:189.193 (level 2)!7>178, while four evaluated the effect of a tradi-
tional benzodiazepine on jet lag (level 2).172177:194.195

Of the studies utilizing traditional benzodiazepines, all had 20
or less subjects. In a small (n =17) nonrandomized study (level
2)'77 involving westward flight across five time zones, temaze-
pam 10 mg had little effect on jet lag symptoms, sleep quality, or
circadian entrainment, though the dose was much lower than is
typically prescribed for sleep. At a higher dose of 20 mg given at
bedtime, temazepam improved subjective sleep quality in another
small study of 20 subjects traveling across 10 time zones eastward
(level 2).1 However, other sleep and circadian parameters did not
improve. A study with midazolam (level 2)!** yielded similar sub-
jective findings following eastward travel. In a simulation study
(level 2)'7 designed to mimic crossing 8 time zones to the west
(8 hour phase delay), triazolam was no different than placebo for
PSG measured sleep efficiency or total sleep time.

Like the traditional benzodiazepines, the non-benzodiazepine
hypnotics appear to improve subjective sleep quality and dura-
tion. Zolpidem 10 mg at bedtime for 3-4 nights following east-
ward travel across 5 to 9 time zones was found to significantly
improve total sleep time and sleep quality while reducing awaken-
ings from sleep in a large (n=133) randomized placebo-controlled
trial (level 1).'* However, all outcomes were self-reported and no
objective measures of sleep were assessed. Daytime symptoms
of jet lag were not reported. In a smaller randomized placebo-
controlled trial of 24 subjects, zopiclone 7.5 mg. given at bedtime
was found to improve sleep duration (measured by actigraphy) for
the four post-flight days following a 5-h. westward flight (level
2).178 Daytime activity appeared greater as well, though subjective
jet-lag scores were no different compared to placebo.

Two of the studies with non-benzodiazepine hypnotics com-
pared the effects of these newer hypnotic agents to that of mela-
tonin. In the first study (n = 137), zolpidem (10 mg) administered
during a night flight and for 4 days after arrival was found to be
significantly better than placebo or melatonin (5 mg) in counter-
acting jet lag symptoms (less confusion, lower jet lag scores on
visual analog scales) following eastward travel across 6-9 time
zones (level 1).1% Subjects also reported better sleep duration
and sleep quality on zolpidem, though this was not verified by
actigraphic assessment. Of interest, this study also included a
treatment arm that received both melatonin and zolpidem. This
group did not report better sleep or better jet lag scores than the
zolpidem alone group. In the other study (level 1),'** zopiclone (5
mg) was compared to melatonin (2 mg) or placebo in 30 subjects
traveling eastward across 5 time zones. Each subject served as
his/her own control (they repeated the trip x 3), though the treat-
ment was administered for only one night (after arrival). Zopi-
clone and melatonin were equally effective at improving both
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subjective and objective (measured by actigraphy) sleep duration
and quality as compared to placebo. Other symptoms of jet lag
were not assessed.

One additional study compared the non-benzodiazepine hyp-
notic zolpidem to bright light exposure in a simulated 8-hour
eastward time shift (level 2).'” In this study, 8 subjects underwent
3 separate 8-hour phase advances. In one arm, they took a placebo
pill at the advanced bedtime on the day of the advance and the fol-
lowing day, in another they took zolpidem 10 mg at the advanced
bedtime on the day of the advance and the following day, and in
the final arm, they were exposed to continuous bright light (as op-
posed to dim light in the other arms) upon awakening on the day
of the advance and the following day. Total sleep times (by PSG)
did not differ between the treatments, though sleep efficiency im-
proved significantly with zolpidem (night of shift only) and bright
light (night after shift only). No other symptoms of jet leg were
recorded. Of interest, both zolpidem and bright light appeared to
attenuate the rebound rise in TSH that usually accompanies sud-
den phase advances.

Adverse effects of hypnotic agents for jet lag have been report-
ed. For example, triazolam was implicated in several dramatic
cases of global amnesia following its use to promote sleep during
jet travel.'”® More commonly, nausea/vomiting, headaches, and
confusion are reported. In the study comparing a combination
of zolpidem plus melatonin to zolpidem, melatonin, or placebo,
there was a much higher rate of adverse events in the zolpidem
group than the other treatment groups.'®® The author termed the
adverse events as not being “serious,” though 14 subjects dropped
out of the study as a result. In addition, when zolpidem and mela-
tonin were combined, the high rate of adverse events persisted
(and was comparable to the zolpidem alone group). Immobility
associated with hypnotic use might increase the risk for deep vein
thrombosis, known to be a risk of jet travel. This hypothetical risk
has not been documented though.

Conclusion: Although the number of studies is limited (three
level 1, six level 2), the use of hypnotic agents for jet lag-induced
insomnia is a rational treatment and consistent with the standard
recommendations for the treatment of short-term insomnia. How-
ever, the effects of hypnotics on daytime symptoms of jet lag have
not been well-studied and are unknown. In addition, any benefits
to using hypnotics must be weighed against the risk for side ef-
fects. Because alcohol intake is often high during international
travel, the risk of interaction with hypnotics should be empha-
sized with patients.

7.4.2.4 Promoting Alertness with Stimulant Medication

Increased coffee consumption is the first countermeasure many
travelers use to combat sleepiness. This strategy has not been
studied in a controlled fashion and there remains concern that the
resulting increased caffeine levels may exacerbate jet-lag induced
insomnia. There are two controlled field trials in which slow-re-
lease caffeine (SRC) was evaluated for its effects on alertness and
jet lag symptoms. The first study compared placebo to SRC 300
mg daily for 5 days after flight or melatonin 5 mg daily starting
on the day of travel to 3 days post flight (level 2).!” There were
nine subjects in each group and the study was double-blinded.
Following eastward flight across seven time zones, both the SRC
and melatonin groups had a faster entrainment of their circadian
rhythms (by day 5 vs. day 9 for placebo) as measured by salivary
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cortisol levels. Symptoms of alertness and jet lag were not as-
sessed in this study. Utilizing the same protocol and number of
subjects, the same group reported a follow-up study examining
the impact of these treatments on both objective (PSG) and sub-
jective measures of sleep and daytime sleepiness (two-nap sleep
latency test) (level 2).!7* While subjects in the SRC treatment arm
experienced less daytime sleepiness than with either melatonin or
placebo (by objective measures as there was no significant differ-
ence in subjective sleepiness), they reported longer sleep onsets
and more awakenings at night than the other groups. This was
confirmed by PSG, which also documented a delay in recovery
slow wave sleep in the SRC group.

Conclusion: The use of caffeine to counteract jet lag induced
sleepiness seems rational, but the evidence is very limited (two lev-
el 2 studies). The alerting effects of these agents must be weighed
against their propensity to disrupt sleep. One level 2 study sug-
gested that a slow-release caffeine formulation may enhance the
rapidity of circadian entrainment following eastward travel.

7.4.2.5 Miscellaneous

Diet modification has been proposed as a potential modality
to prevent and reduce the symptoms of jet lag. Only one field
study addressing this issue was found (level 4)."7 In this study,
the “Argonne diet” was assessed in a 186 soldiers undergoing a
9-h westward flight followed by a return flight. The Argonne diet
consists of alternating days of “feasting” with high carbohydrate
dinners and “fasting” with small, low calorie meals. The authors
found a significant reduction in self-reported jet lag symptoms in
those utilizing the diet. However, the study had several limita-
tions, including self-selection of diet with unclear oversight, self-
reporting of symptoms, and non-validated outcome measures. In
addition, fewer subjects chose the diet on the return flight than
utilized it on the outbound flight.

Conclusions: Diet modification as a means to prevent jet lag is
unproven at this time (one level 4 study).

8.0 DISCUSSION

Sound clinical practice is based on both a scientific understand-
ing of pathophysiology as well as empirical evidence derived
from clinical application, ideally from well-designed clinical tri-
als. In regard to SWD and JLD, a foundation for understanding
of the pathophysiology of these disorders has been built by the
discipline of circadian rhythm science that now extends from mo-
lecular biology to behavior. One of the most important conclu-
sions from human circadian rhythm research is that the anatomy,
physiology, and even the molecular biology of the human circa-
dian system are homologous to the animal models that have been
so thoroughly investigated in recent years.

Circadian rhythm science has also pointed the way to rational
interventions for the CRSDs, and these treatments have been in-
troduced into the practice of sleep medicine with varying degrees
of success, but with many practical matters unresolved. The use
of timed light exposure for clock resetting provides an example:
How bright? How long? What color spectrum? From what light
source? For what disorders? Are there contraindications for light
treatment, such as ocular pathology, or the risk of bright light fall-
ing on the “wrong” portion of the light PRC? The use of melato-
nin administration for phase resetting can generate an analogous
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array of questions.

In addition to clock resetting, the current understanding of the
interaction between the homeostatic and circadian regulation of
sleep and alertness provides a good explanation of the symptoms
of sleepiness and insomnia inherent to the CRSDs. However, with
the exception of the large modafinil trial,”’ there have been no
large multicenter trials focusing on pharmacological countermea-
sures. When double-blind clinical trials have been conducted, the
number of subjects is often small.

Also, much of the human research has been done with normal
subjects tested in conditions that simulate a CRSD (such as shift
work disorder or jet lag disorder). While these studies are valu-
able, they need to be followed up, as much as possible, with clini-
cal trials in the field. Although the data from clinical research is
limited, it can be generally concluded that the clinical outcomes
have not been at odds with hypotheses based on principles de-
rived from circadian science.
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