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he burden of chronic insomnia is multifactorial and includes

absenteeism and reduced work performance, an impairment

of cognitive function and memory, increased risk of develop-

ing major psychiatric illness including depression, and wors-
ening of outcomes in medical illnesses like coronary artery disease.!”
While not treating insomnia has clear public health consequences, the
available data on the costs and clinical implications of treating insomnia
are limited, as are comparative treatment clinical and economic out-
comes assessments.>* Effective insomnia treatment improves long-term
outcomes and is a-cost-effective healthcare intervention.>® Traditional
sedative-hypnotics ‘are effective; however,-the older/benzodiazepines
have been associated with tolerance with long-term use, oversedation,
abuse, and dependqnéé.4 While the newer benzodiazepine receptor ago-
nists (BzRAs) areassociated with a relatively lower incidence and sever-
ity of adverse’ events, even these agents have the potential for
dependence; daytime sleepiness, and falls. An alternative to\BzRA med-
ications ar¢ chronobiotics that act at the melatonin receptor, This arti-
cle will res\‘sziew the importance of the circadian rhythm| |in sleep
disturbances and discuss the potential clinical and economic benefits of

using medications that alter the sleep-wake thythm.

Circadian Rhythmicity

The human circadian clock médulates the timing of sleép and wake-
fulness through \direct effects on sleep tendency (sleepiness/alertness)
and on the neurophysiologic processes governing sleep state expression.’
Under normal conditions,-this modulation-reinforces the diurnal sleep-
wake schedule, with wakefulness during the daylight hours and sleep dur-
ing the fiight. In other situations, however, the circadian potentiation of
wakefulness may interfere with desired sleep-scheduling. Particularly
affected are the ‘elderly, shift workers, and other individuals who must
live on a schedule which conflicts with the normal circadian cycle. In
these patients, insomnia and consequent impairment of waking function
result from desynchrony between the endogenous circadian rhythm of
sleep and wakefulness, and the externally imposed sleep-wake schedule.
Even in patients with more common nocturnal insomnia, the persistence
of clock-mediated arousal in the evening hours may contribute to diffi-
culty with sleep in the first half of the night. Due to its prominent role
in the pathogenesis of insomnia, the circadian clock has long been an
attractive target for insomnia treatments.
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Abstract

The circadian clock modulates timing of sleep
and wakefulness. In certain situations, the
circadian potentiation of wakefulness may
interfere with desired sleep-scheduling,
particularly in the elderly and shift workers.
Known abnormalities of circadian regulation
are defined by their impact on sleep-wake
state expression. In delayed sleep phase syn-
drome, patients have trouble going to sleep
and arising at reasonable hours and are alert
in the evening and sleepy in the morning.
Patients with advanced sleep phase syndrome
are sleepy in the evening and awaken very
early and alert in the morning. In shift-work
sleep disorder, individuals attempt to wake and
sleep out of phase with the circadian clock. As
with jet lag, the clock is functioning normally,
but the requirements on the clock are abnor-
mal. Typical insomnia can also be associated
with circadian rhythm alterations. Practice
guidelines and clinical studies data are needed
to lead appropriate therapy selection and
effective management.
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Circadian Physiology

The human circadian system includes the retina,
retinohypothalamic tract, and suprachiasmatic
nuclei (SCN).” The neurons of the SCN, located in
the hypothalamus above the optic chiasm, exhibit
self-sustaining circadian rhythms in electrical activ-
ity that collectively provide circadian timekeeping
signals for the entire organism.” The connection to
the retina via the retinohypothalamic tract allows
the daily environmental cycle of light and darkness
to act as the entraining synchronizer for the SCN.
This connection is necessary to keep the internally
generated thythm synchronized with real environ-
mental time. Diurnal rhythmicity in the activity of
individual SCN neurons arises as the result of an
intracellular genetic transcription-translation feed-
back loop with a natural period of about 24 hours.
Genetic variations or polymorphisms in the genes
of the clock can alter the relationship to external
time, resulting in abnormally early or late bedtimes
(advanced sleep phase syndrome and delayed sleep
phase syndrome, respectively).

Circadian variation in sleep and wakefulness is
superimposed on a separate homeostatic regulation
of sleep-wake state expression. The neural founda-
tion for this is not clear. Data suggest that adeno-
sine and basal forebrain cholinergic neurons play
important roles in sensing and signaling sleep
need,® but other sites and systems may be involved.
Regardless of the mechanism, it is clear that homeo-
static sleep drive accumulates in proportion to the
duration of wakefulness, resulting in progressive
pressure for sleep. Homeostatic sleep need is a
drive state analogous to thirst or hunger, and it is
subjectively perceived and objectively observed
as sleepiness. Homeostatic sleep-wake balance is
restored during sleep. Sleep deprivation beyond
that inherent in the daily sleep-wake cycle results
in homeostatic imbalance and magnified levels of
sleepiness. At extreme levels of sleepiness, sleep may

occur at inappropriate or unusual times.

Role of Melatonin in Sleep-wake Rhythm
Melatonin (N-acetyl-5-methoxytryptamine),
the primary secretory product of the pineal gland,
plays a fundamental role in circadian rhythmici-
ty.7>1° The pineal gland is a sympathetic efferent of
the SCN that secretes melatonin into the general
circulation in response to signals from the SCN.!!
These signals relay both circadian phase informa-

tion and transmit light and dark information re-
ceived from the retina. Melatonin secretion peaks
during the night when SCN activity is minimal and
inhibitory light is absent.

There are 3 types of melatonin receptors found in
most mammalian species, including humans. MT1
and MT?2 are g-protein coupled receptors, whereas
MT3 is a binding site that appears to be linked to
quinone reductase. Autoradiographic studies of
human brains suggest that the majority of specific
melatonin binding (MT1 and MT2) in the brain is
located in the SCN. Animal studies demonstrate that
MT1 and MT2 receptors in the SCN mediate the
important effects of melatonin on circadian organiza-
tion, including the modulation of SCN potentiation
of wakefulness. The MT3 binding site is less well

characterized, and little is known about its function.

Types of Circadian Rhythm Sleep Disorders

While the circadian clock modulates all aspects
of physiology from secretion of hormones to levels
of digestive enzymes, its influence is arguably most
apparent in sleep-wake expression. As a conse-
quence, known abnormalities of circadian regula-
tion are defined by the impact they have on
sleep-wake state expression. In delayed sleep phase
syndrome (DSPS), the entrained position of the cir-
cadian clock is oriented late relative to the desired
sleep-wake time.” An individual with DSPS has trou-
ble going to sleep at a reasonable hour and has trou-
ble arising at a reasonable hour in the morning.
Patients with this syndrome are usually alert in the
evenings and sleepy in the morning. They have long
sleep onset latency when they try to go to bed at a
socially appropriate time.!? If the schedules of DSPS
patients allow them to fall asleep and wake up when
they want, their sleep time and efficiency are normal.

In advanced sleep phase syndrome (ASPS), the
circadian clock is oriented early relative to the
desired sleep-wake time. Patients with ASPS are
sleepy in the evening and alert in the morning,
awakening very early in the morning.” The typical
patient with ASPS is older, but there are some
young people with ASPS. Some, but not all,
patients with ASPS and DSPS appear to have poly-
morphisms of the clock genes that alter the intrin-
sic period of the rhythmic SCN neurons.

In jet lag or time zone syndrome, the circadian
clock is attempting to function in the midst of a

sudden change in light-dark orientation due to air
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travel across time zones.” This disorder does not
stem from a dysfunction of the circadian clock;
rather, environmental cues and the light-dark cycle
are in conflict with the circadian clock’s internal
timing. The dysfunction associated with jet lag syn-
drome varies significantly from patient to patient in
duration and severity, depending, in part, on the
time required for the clock to resynchronize to the
new environmental time signal.

In shift-work sleep disorder (SWSD), symptoms
arise because the individual is attempting to wake and
sleep out of phase with the dictates of the endogenous
circadian clock.”® As with jet lag disorder, the clock is
functioning normally in SWSD; it is the requirements
put on the clock that are abnormal. Even after sever-
al weeks of shift work, the circadian clock does not
truly adapt to the abnormal schedule as long as light
exposure is providing information about the time of
day.!* SWSD affects performance both through the
immediate impairment produced by attempting to
function at an inappropriate circadian phase (night)
and by the cumulative effects of sleep deprivation
resulting from the foreshortened and disrupted sleep
obtained at a nonconducive phase (day).

Typical insomnia, that which is not diagnosed as
a specific circadian rhythm sleep disorder, can be
associated with alterations in the circadian rhythm as
well. In a study examining melatonin secretion in
individuals with chronic primary insomnia, the
amplitude of the melatonin rhythm by the pineal
gland was significantly reduced, particularly in those
whose insomnia had lasted more than 5 years."
Although the direction of the relationship was
unclear, these findings still support the hypothesis
that decreasing the functional contribution of mela-
tonin contributes to chronic insomnia. There is some
debate about whether circadian phase is abnormal in
insomnia. One study that may put the debate to rest
showed substantial circadian phase advance in

individuals with early-morning insomnia.'

Clinical Benefits of Melatonin
Receptor Agonists

Melatonin receptor agonists, like ramelteon, are
not controlled substances and have a positive long-
term safety profile. Ramelteon is a melatonin
MT1/MT?2 receptor agonist indicated for the treat-
ment of sleep-onset insomnia. In persons with
chronic insomnia, ramelteon has been shown to

reduce latency to persistent sleep and increase total

sleep time when compared with placebo.!”* Unlike
other sedative-hypnotics, ramelteon is not associ-
ated with addiction, rebound, next-day residual
effects, or dependence.’® Comparative trials are
lacking, so it is not yet possible to determine
ramelteon’s efficacy or cost-effectiveness relative to

other available insomnia treatments.

Cost Comparison of Available Therapies

Current approved pharmacotherapy for insom-
nia in the United States includes 2 drug classes: the
BzRAs and the melatonin receptor agonists. The
BzRAs consist of newer nonbenzodiazepine drugs
such as zolpidem and eszopiclone and older benzo-
diazepine sedative-hypnotics such as temazepam or
triazolam. At this time, the melatonin receptor
agonist class has 1 US Food and Drug Adminis-
tration—approved agent, ramelteon. There are lim-
ited and conflicting data comparing insomnia
treatments, particularly with simultaneous assess-
ments of efficacy, safety, and cost. In a systematic
review, newer BzRAs were compared with older
benzodiazepines.?! The review concluded that the
medications were equally effective; however, due to
the absence of trials, a cost-effectiveness analysis
and comparative analysis were not conducted.

In a nonscientific, consumer-oriented comparison,
zolpidem 5 mg to 10 mg orally at bedtime was consid-
ered the most cost-effective insomnia treatment,?
specifically because of its pending generic availability.
The article recommends switching to generic zolpi-
dem, asserting that only “weak” evidence exists that
the controlled-release formulation has better efficacy
or tolerability than the immediate-release product. In
this review, ramelteon was considered less effective
than the comparators; however, the rationale was
not specifically stated. The authors did indicate that
ramelteon exhibited a relatively longer sleep onset of
75 minutes. However, in clinical trials, ramelteon
demonstrated a mean latency to persistent sleep time

of approximately 25 minutes.!”1%?

Cost Implications of Adverse Events,
Dependence, Tolerance

An important consideration in the assessment of
cost is the risk of adverse events associated with ther-
apy. Here there appear to be important differences
among approved agents. One analysis determined
that the newer BzRA agents and older benzodi-
azepines were similar with regard to relative efficacy
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and adverse events.”* By contrast, the National
Institutes of Health (NIH) consensus panel on
chronic insomnia concluded that newer agents with-
in the BzRA class were safer than older agents,* prob-
ably because the average duration of action (an
important predictor of BzRA adverse events) was
longer for older agents. Melatonin receptor agonists
were not included in the NIH analysis because none
had been approved at the time of the assessment.

While limited postapproval data exist, laborato-
ry assessments suggest that melatonin receptor ago-
nists such as ramelteon will be associated with
significantly lower risk of adverse events than the
BzRA hypnotics. Data from these studies show that
ramelteon, even at doses several times the recom-
mended therapeutic dose, does not produce central
nervous system impairments, such as ataxia and
amnesia, that are associated with BzRAs.?

Abuse and dependence are factors that may not
be included in cost analyses. To date, no studies
have assessed the economic impact of these on the
treatment of patients with insomnia. Again, there
appear to be important differences among currently
available hypnotic drugs with regard to risk of
abuse and dependence. Melatonin receptor agonists
appear to be free of measurable abuse liability?® and
are the only medications in this category that are
not designated as controlled substances.

Conclusion

Effective insomnia treatment holds promise as a
cost-effective healthcare intervention. The impor-
tance of the circadian clock to normal function is
particularly apparent in the expression of sleep and
wakefulness and many sleep disorders can be traced
to abnormalities in the circadian system. Practice
guidelines are needed to lead appropriate therapy
selection and further research is needed to deter-
mine the role of melatonin and melatonin receptor
agonists in the management of chronic insomnia
in specific patient populations. Randomized con-
trolled clinical trials comparing ramelteon to short-
acting BzR As for short- and long-term management
of insomnia are needed to determine the relative
efficacy, toxicity, and treatment adherence. Health-
related quality-of-life (QOL) data still needed to
include overall QOL, incidence of daytime drowsi-
ness, frequency and rate of development of depen-
dency, impact on work productivity, incidence of

accidents, and cost-effectiveness.
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