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Abstract
The Circadian rhythm sleep disorder of the dementia is apt to cause night wandering, delirium and even
sundowning syndrome. And these behaviors put a major burden on the patients themselves and their caregivers.
The ratio of complication of Circadian rhythm sleep disorder in Alzheimer's disease, the major figure of dementia, is
considerably high. Circadian rhythm sleep disorder in Alzheimer's disease is supposed to be caused by
physiological change of the internal secretion rhythm, physical disorder and/or environmental factors. Furthermore,
in recent years, in addition to the high rate of coexistence, it has been reported that there may be essential relation
between circadian rhythm sleep disorder and Alzheimer's disease. In the present study, we summarized the role of
neuropathological and neuroendocrinal alternation in Circadian rhythm sleep disorder of Alzheimer's disease.

Keywords: Alzheimer’s disease; Circadian rhythm disorder; Sleep
disturbance; Melatonin; Orexin

issue of public concern. This article reviews the characteristics of and
treatments for CRSD in AD patients.

Introduction

Discussion

Dementia is often accompanied by various types of sleep disorders
associated with neurotransmission disturbances caused by cortical and
subcortical atrophy in different areas, depending on the underlying
disease. In Alzheimer’s disease (AD), one of the most common causes
of dementia, sleep disorder is observed in about 28% of the patients
[1]; when stratified by severity, it is observed in about 25% of those
with mild to moderate AD and in 50% of those with severe AD. When
compared with normal elderly subjects, the main sleep of AD patients
is characterized by intermittent sleep (increased frequency and wake
duration after sleep onset (WASO)) and a decrease in deep sleep and
REM sleep [2,3]. Also observed are an increased ratio of daytime sleep
relative to the total daily sleep duration and increased percentage of
deep sleep and REM sleep in the daytime nap [4]. Such increased
variability in the circadian rhythm is characteristically observed in AD
patients. The altered circadian rhythm in AD is associated with a
substantial shallowing and/or fragmentation of the sleep structure,
characterized by a significant change in the rhythm phase (the
duration from hypnagogic state to wakefulness) and a decrease in
rhythm amplitude (the strength of the sleep/wake rhythm). By the
accommodation disorder of the biological clock (Circadian rhythm),
the sleep disorders which cannot sleep at the time when oneself or
society wanted are said the Circadian Rhythm Sleep Disorder
(CRSD).CRSD in AD patients progresses with increasing disease stage
[5] and it is also associated with poor quality sleep, daytime
hypersomnia, night delirium, and sundowning syndrome, a condition
characterized by excitement occurring in the evening hours [6]. These
abnormal behaviors and the associated nighttime insomnia, wandering
behavior and excitement render increased stress for caregivers and
hamper the provision of home care services, which has become an
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Association of AD and sleep disorders
Attention has been paid to the possible association between
amyloid-beta (Aβ) protein and sleep in AD patients. Aβ level and tau
level in cerebrospinal fluid correlates with the Alzheimer's disease
onset [7,8]. Ju et al. studied the relationship between the quality of
sleep as measured by actigraphy and Aβ42 concentration in
cerebrospinal fluid in 145 patients aged 45 years or more with normal
cognitive function; they reported that Aβ deposition was detected in
22.5% of all patients and those with Aβ deposition had significantly
lower sleep efficiency than those without Aβ deposition [9]. The
relationship between CRSD and Aβ has also been studied in animal
models. In 3xTg-AD mice, a mouse model of AD engineered to
express amyloid precursor protein (APP) with mutations in the
presenilin 1 （ Psen1 ） gene and to express tau protein, circadian
rhythm disorder is observed even before the appearance of brain Aβ
protein and neurofibrillary tangles [10]. In APPswe/PS1σE9 mice,
another mouse model of AD showing abnormal Aβ production due to
APP expression and Psen1 gene mutations, the sleep/wake rhythm
cycle, which was normal in the absence of Aβ plaque formation, was
severely disturbed after Aβ plaque formation [11]. It has also been
suggested that the REM sleep deprivation is associated with tau
accumulation [12]. Thus, the relationship between Aβ accumulation
and the development and progression of sleep disorder is suggested to
be mutually.
The suprachiasmatic nucleus (SCN) is an important brain region
associated with CRSD. The SCN is a known circadian pacemaker in
mammals, including humans. Stephan and Zucker have demonstrated
that the focal destruction of the SCN results in the loss of circadian
rhythm [13]. The number of cells in the SCN decreases with increasing
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age, which is particularly evident in the elderly. Moreover, this
decreased cell number in the SCN is more profound in AD patients
than in normal elderly subjects [14]. About half of the cells in the SCN
express arginine-vasopressin (AVP) and also its receptors, V1a and
V1b, indicating that an inter-cellular local neural network is formed in
the SCN that controls the circadian rhythm [15]. AVP mRNA
expression is significantly decreased in AD patients, down to one-third
of that in normal elderly [16]. Studies have also shown that the
periodic change in the gene expression of vasoactive intestinal peptide
(VIP) in the SCN, which is in accordance with the light-dark cycle, is
involved in circadian rhythm formation and that this periodic change
is lost in elderly rats [17]. In humans, a decrease in the number of VIPexpressing neurons in the SCN has also been detected in both males
(in the normal aging process) and females (in AD patients) [18]. These
reports suggest the important role of SCN in the development of
CRSD in AD patients.
Orexin, a regulator of the sleep/wake rhythm, has been suggested to
be involved in the development of AD. Orexin, which is a
neuropeptide specifically expressed by neurons in the lateral
hypothalamic area, is known to have various functions, such as the
regulation of sleep/wake rhythm, eating behavior, locomotor activity
and the autonomic nervous system. The axons of orexin-producing
neurons are projected to the entire central nervous system, with the
exception of the cerebellum. In the hypothalamus, these axons are
projected to nuclei associated with eating behavior, such as the arcuate
nucleus and ventromedial nucleus. Outside the hypothalamus, they are
densely projected to the locus ceruleus, raphe nucleus (origin of
monoaminergic neurons), tuberomammillary nucleus (origin of
histaminergic neurons), lateral dorsal tegmental nucleus and
pedunculopontine tegmental nucleus (origins of cholinergic neurons).
Monoaminergic and histaminergic neurons are known to be most
active during waking, less active during non-REM sleep, and almost
silent during REM sleep [19]. These neurons are also projected to the
thalamus and cerebral cortex, and a role in the maintenance of arousal.
Cholinergic neurons are divided into two types: those activated during
waking and REM sleep and those activated only during REM sleep
[19]. These facts suggest a physiological role for orexin in the
stabilization of the sleep and wake stages. A study using post-mortem
brains showed a decreased number of orexin-expressing cells in AD
patients and a decreased orexin level in cerebrospinal fluid [20]. Kang
et al. demonstrated that orexin stimulates Aβ accumulation in brain
interstitial fluid (ISF) in mice expressing human APP [21].
Furthermore, this study suggested that the amount of ISF Aβ
significantly increased during acute sleep deprivation and during
orexin infusion, but decreased with infusion of a dual orexin receptor
antagonist. These studies suggest the possibility that orexin and the
sleep disorders are connected with the AD onset.
Melatonin, a hormone secreted by the pineal gland, is known to
have a sleep-promoting effect and a core body temperature-lowering
effect [22]. In normal individuals, melatonin secretion is decreased
during the day, rapidly increased during the night and reaches its peak
during night sleep. Melatonin induces sleep by acting on the SCN and
melatonin receptors expressed throughout the body. The blood
melatonin level gradually decreases during the night with age and this
decrease is more profound in the elderly [23]. In AD patients, a
decreased melatonin level compared with normal elderly subjects is
observed in the cerebrospinal fluid, as well as in the blood [24-26].
Melatonin is known to penetrate the brain-blood barrier and function
as an antioxidant and a free radical scavenger. In AD patients, a
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decreased melatonin level leads to greater accumulation of oxidative
stress compared to normal elderly subjects [27]. This is supported by a
study using a mouse model of AD, where the accumulation of
oxidative stress led to increased Aβ deposition [28]. It has also been
demonstrated that treating 3xTG-AD mice with melatonin results in
reduced Aβ deposition and reduced tau hyperphosphorylation [29].
An in vitro study has also demonstrated that melatonin prevents Aβ βsheet formation and Aβ fiber formation [30]. These findings indicate
that melatonin is deeply involved in the development of AD and
suggest the beneficial role of its antioxidative and neuro-protective
effects in the prevention and treatment of AD.

Therapy of sleep disorders in AD patients
For the treatment of CRSD in AD patients? For the treatment of
CRSD in AD patients, no well-established drug therapy is currently
available [31] and non-drug therapy is recommended as the first
choice of treatment. CRSD in AD patients is usually treated in the
same way as for sleep disorder in the elderly; the aim is to promote
good sleep during the night and maintain daytime activity levels.
The most important non-drug therapy is sleep hygiene therapy
(SHT). The recommended SHT procedures for AD patients are
available on the Alzheimer’s association website [32]. In addition to
these therapies, the provisions of correct knowledge about sleep and
cognitive therapy for reducing excessive anxiety over insomnia are also
recommended. Especially in patients with advanced dementia, for
whom recording precise activity levels is often difficult, it may be
helpful to present objective measures of activity levels, such as
actigraphy data, so that they can realize the discrepancy between selfrated and objectively measured activity levels. For circadian rhythm
disorder, the effectiveness of bright light therapy (BLT) has been
suggested. BLT aims to improve sleep disorder by changing the phases
of circadian rhythm by irradiating high-intensity light of 2500-10000
lux for 30 to 120 minutes during a certain time frame of the day. This
therapy is also used for treating primary insomnia in the elderly, who
exhibit physiological age-related changes in circadian rhythm, such as
attenuation, advanced phase and impaired synchronization [33-36].
For dementia patients with sleep/wake disorder, high-intensity light
irradiation given in the morning after getting up can reduce night
insomnia, daytime sleepiness and abnormal behaviors, such as
delirium. In terms of the effect of BLT on plasma melatonin level in
AD patients, a 4-week treatment with morning BLT has been shown to
increase the amplitude of melatonin secretion rhythm in patients with
mild AD [37]. Despite these findings, no consensus has been reached
regarding the efficacy of BLT in treating circadian rhythm disorder in
AD patients [38,39].
As for drug therapy, the benzodiazepines (BDZs) and Z-drugs
(zopiclone, zolpidem and zaleplon) commonly used for treating
insomnia are not very effective against sleep disorder in dementia
patients, and there is a relatively high incidence of adverse effects. A
possible reason for the limited effectiveness of regular hypnotics is
because these drugs usually exert sedative/hypnotic actions a few
hours after dosing and thus have a minimal effect on improving
circadian rhythm. In terms of adverse effects, these drugs have been
shown to have increase in the risk of fall in elderly patients with
dementia compared to normal elderly subjects [40,41]. Z-drugs
hypnotics were known to have a relatively low muscle-relaxing effect
due to their selective action on the ω1 receptor. However, the use of
the sleeping drug to elderly people should be cautious even if it is Zdrugs. In the elderly, ultra-short-acting or short-acting hypnotics
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should be used at half the adult dose, due to delayed drug metabolism/
elimination in this population.
Based on the aforementioned relationship between AD and
melatonin, the effectiveness of melatonin substitution therapy has
been demonstrated in treating sleep disorder associated with CRSD in
AD [42,43]. Asayama et al. reported that treatment with melatonin
significantly prolonged sleep duration and decreased nighttime
activity in AD patients, compared to placebo. In their study, however,
no improvement in daytime naps or activity was observed in those
treated with melatonin [44]. Meanwhile, other studies have shown that
combined melatonin and light therapy was more effective in
improving sleep efficiency and nighttime restlessness compared to
melatonin alone, without an adverse effect, and that the addition of
melatonin to light therapy resulted in reduced nighttime insomnia and
daytime sleepiness, which were not improved by light therapy alone.
Ramelteon, a melatonin-receptor agonist known to have a hypnotic/
sedative effect, has also been suggested to be effective in improving
sleep/wake rhythm [45]. In advanced cases of dementia, however,
ramelteon may not exert its full action due to the reduction or loss of
melatonin receptors, which are the sites of action of ramelteon [46].
No consensus has been reached regarding the efficacy of ramelteon in
AD patients [47]. Melatonin therapy may be an important option for
the prevention and treatment of AD in the near future.

Figure 1: The relationship with the circadian rhythm sleep
disorders (CRSD) and Alzheimer's disease (AD)

Conclusion

Investigations are also in progress on the efficacy of orexin
antagonists, based on the demonstrated relationship between orexin
and AD. Suvorexant, an oral medication that acts at dural receptors
(OX1R/OX2R), has been shown to promote sleep without disturbing
the normal sleep/wake rhythm [48]. In a RCT of suvorexant in the
treatment of insomnia, suvorexant significantly improved sleep
efficiency in a dose-dependent manner and was also effective in sleep
induction and maintenance [49,50]. However, these studies did not
include elderly peoples. Further studies are needed including elderly
and dementia patients.

CRSD in AD patients has been associated with Aβ/tau
accumulation and endocrine disorders, as mentioned above. Various
other factors not referred to in this article, such as reduced social
involvement, decreased sensitivity of sensory organs and decreased
exposure to environmental light, are also known to impair the
circadian rhythm entraining mechanism. Further studies on CRSD in
AD patients will contribute to the early detection and treatment of
sleep disorders, as well as the early detection and improved outcome of
AD.

Finally, cholinesterase inhibitors (ChEIs), a group of drugs
commonly used for the treatment of AD, have been shown to increase
REM sleep, but they may also increase dreaming and nightmares
during REM sleep especially when taken late at night [51-53]. Since the
cholinergic nervous system is an arousal system, ChEIs action exerted
during the night may have an adverse effect on sleep [54]. Concerning
the effect of ChEIs on polysomnography, a 6-month long-term
treatment with a ChEI resulted in increased REM sleep and reduced
slow wave during REM sleep, with a 30-minute reduction in total sleep
duration and a 10% reduction in sleep efficiency, although these were
insignificant compared to pre-treatment values [55]. When
prescribing a ChEI for a dementia patient with a sleep disorder,
additional consideration should be given to the dosing time, such as
advising to take the medicine after breakfast.
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