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Circadian rhythm sleep disorders: Characteristics
and entrainment pathology in delayed sleep phase
and non-24 sleep-wake syndrome ™
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KEYWORDS Summary This paper presents a clinical review of delayed sleep phase syndrome
Non-24-h sleep- (DSPS) and non-24-h sleep-wake syndrome (non-24). These syndromes seem to be
wake rhythm; common and under-recognized in society, not only in the blind, but also typically
Delayed sleep phase emerging during adolescence. Both types of syndrome can appear alternatively or
syndrome; intermittently in an individual patient. Psychiatric problems are also common in
Light therapy; both syndromes. DSPS and non-24 could share a common circadian rhythm pathology
Melatonin; in terms of clinical process and biological evidence. The biological basis is
Body temperature; characterized by a longer sleep period, a prolonged interval from the body
Depression; temperature nadir-to-sleep offset, a relatively advanced temperature rhythm, lower

sleep propensity after total sleep deprivation, and higher sensitivity to light than in
normal controls.

There are multiple lines of evidence suggesting dysfunctions at the behavioral,
physiological and genetic levels. Treatment procedures and prevention of the
syndromes require further attention using behavioral, environmental, and psychia-
tric approaches, since an increasing number of patients in modern society suffer
from these disorders.
© 2007 Elsevier Ltd. All rights reserved.
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Abbreviations: ADHD, attention-deficit/hyperactivity disor-
der; ASPS, advanced sleep phase syndrome; BT, body tempera-
ture; CRSD, circadian rhythm sleep disorder; DSPS, delayed sleep
phase syndrome; M-E, morningness-eveningness; Non-24, non-

Introduction

24-h sleep-wake syndrome; NOS, not otherwise specified; PRC,
phase response curve
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The sleep-wake rhythm in humans is regulated by
the circadian timing system, and disorders of this
system are known as circadian rhythm sleep
disorders (CRSD), which can have multiple etiology
but result in maladjustment of the biological clock
with respect to the environment. Persons suffering
from these sleep disorders develop an inability to

1087-0792/5 - see front matter © 2007 Elsevier Ltd. All rights reserved.
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fall asleep at the desired time at night and to wake
up at the desired time in the morning. They usually
force themselves to adjust to the environmental
light-dark (or social) cycle, but are not often
successful and may develop physical and psycholo-
gical complaints during waking hours, i.e. sleepi-
ness, fatigue, headache, decreased appetite, or
depressed mood.

Patients with CRSD often have difficulty main-
taining ordinary social lives, and some of them lose
their jobs or fail to attend school. There has been
an increasing awareness of persistent CRSDs. In our
24-h society, under conditions that may disrupt
normal day-night activities, such as shift work,
transmeridian flight, or exposure to bright light late
at night, desynchronization of circadian rhythms
can occur, resulting in CRSD.

The pathophysiology or pathogenesis of CRSD
has not been fully elucidated and it cannot be
subsumed under a single disorder. The syndrome is
thought to be multifactorial: social, psychological,
and environmental factors as well as biological
factors have all been proposed to play important
roles in the onset and development of symptoms,
but no single factor is sufficient to explain it.

This review focuses on clinical studies of delayed
sleep phase syndrome (DSPS) and non-24h sleep—
wake rhythm (non-24), which are representative
syndromes in CRSD, from the viewpoints of pre-
valence, comorbidity, treatment strategies and
pathophysiology, and proposes future research
directions.

Classification of circadian rhythm sleep
disorders

Circadian rhythm sleep disorders can be divided
into two major groups (1): those occurring when
the physical environment is altered relative to
internal circadian timing (e.g. shift work, jetlag);
and (2) those occurring when the circadian timing
system is altered relative to the external environ-
ment (e.g. delayed sleep phase syndrome, non-24,
advanced sleep phase syndrome, irregular sleep—
wake rhythm). The general criteria for CRSD in the
International Classification of Sleep Disorders
(ICSD)" are defined in Table 1.

Delayed sleep phase syndrome (CRSD,
delayed sleep phase type)

Delayed sleep phase syndrome is caused by an
abnormally delayed circadian clock.? Sleep onset
and wake-up times are both significantly delayed in

Table 1 General criteria for circadian rhythm
sleep disorder.

A. There is a persistent or recurrent pattern of
sleep disturbance due primarily to one of the
following:

i. Alterations of the circadian timekeeping
system.

ii. Misalignment between the endogenous
circadian rhythm and exogenous factors that
affect the timing or duration of sleep.

B. The circadian related sleep disruption leads to
insomnia, excessive daytime sleepiness, or
both.

C. The sleep disturbance is associated with
impairment of social, occupational, or other
areas of functioning.

comparison with conventional sleep-wake times.
Typically, patients with DSPS do not get sleepy until
the early morning hours, and then sleep until the
late morning or early afternoon. In addition to their
delayed sleep period, a variety of circadian
rhythms such as plasma melatonin, urinary mela-
tonin metabolite excretion, and core body tem-
perature have been reported to be significantly
delayed in patients with DSPS.3® DSPS patients are
often characterized as “night owls”, and when
tested with chronotype questionnaires to deter-
mine morningness and eveningness, they score on
the eveningness end of the scale. Once asleep,
provided they are allowed to sleep at their own
selected times, they will have normal quality sleep
with normal sleep architecture, which will last for a
normal time unless it is interrupted by external
disturbances.? The continuing mismatch between
the daily schedule required by the social environ-
ment and the individual’s circadian sleep-wake
pattern creates major social, work, and academic
problems. This discrepancy has been given the
appropriate and pictorial name of “'social jet lag”.”
Sometimes DSPS patients complain of headache,
loss of appetite, depressed mood, and loss of
concentration. These symptoms could be caused
by forced awakening in the morning to adjust their
daily lives to social demands.

Evening-type individuals and patients with DSPS
share many similar characteristics.® However, it is
still unclear whether extreme evening-type and
DSPS individuals share a common pathology or lie
on a continuum. Several published investigations of
early and late chronotypes have provided new
perspectives on circadian and homeostatic regula-
tion, which are important for addressing the nature
of DSPS.* 13



