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ABSTRACT

Introduction Bidirectional associations have been
reported between sleep disturbance and both cognitive
impairment, including Alzheimer’s disease and amyloid
beta-peptide (AB) accumulation. These relationships can
be explained by the glymphatic system, which acts as

a garbage drainage system in the brain. As interstitial
fluid dynamics are suggested to increase during sleep,
clearance of AB can be influenced by sleep disturbance or
deprivation. We hypothesised that using lemborexant, an
orexin receptor antagonist, to improve sleep quality would
also improve the function of the glymphatic system. We
plan to examine the effect of lemborexant on sleep quality
and the glymphatic system among patients with insomnia
disorder.

Methods and analysis This pilot study is designed as an
open-label, single-arm, single-centre trial. Thirty patients
aged 50 years and over with insomnia will be recruited.
The participants will take lemborexant (5 mg) at bedtime
for 12 weeks and undergo a home-based sleep study at
baseline and weeks 4 and 12, as well as MRI examinations
to evaluate the glymphatic system at baseline and week
12. The primary outcome will be changes in objective
sleep parameters as evaluated using a sleep monitoring
system. The secondary outcomes will be changes in
subjective sleep parameters. The relationships between
changes in sleep parameters and the glymphatic system
will be evaluated using diffusion tensor image analysis
along the perivascular space, which is called the ALPS-
index. Sleep parameters and the ALPS-index will be
analysed using a paired t-test or Pearson’s correlation
coefficient.

Ethics and dissemination The study protocol was
approved by Nagoya University Certified Review Board.
The findings from this research will be published in peer-
reviewed journals and be presented at local, national and

," Kunihiro lwamoto,’ Seiko Miyata," Akihiro Fujimoto,?

3 Toshiaki Taoka,*

Strengths and limitations of this study

» This is the first prospective trial for elucidating the
relationship between sleep and the glymphatic sys-
tem in humans.

» New insights regarding the relationship between in-
somnia medication and the glymphatic system will
be obtained.

» The glymphatic system will be evaluated using a
new noninvasive method—diffusion tensor image
analysis along the perivascular space—in patients
with insomnia disorder.

» Sleep parameters will be longitudinally evaluated for
12 weeks by an ambulatory sleep electroencephalo-
gram monitor correlated with polysomnography and
an electronic sleep diary.

» The results from this study may be considered pre-
liminary because of the small sample size and the
non-randomised, placebo-controlled design.

INTRODUCTION

Chronic insomnia is a common disorder
and its prevalence has been estimated to be
approximately 10%-15% in the general popu-
lation.! Furthermore, population-based studies
conducted in various countries have found that
approximately 30% of adults have at least one
symptom of insomnia,” and that the prevalence
is higher among women and older populations.”
Insomnia is known to increase the risks for
various physical disorders such as hypertension,
diabetes, obesity and dyslipidaemia.”> Further-
more, insomnia increases the risk of developing
depression,4 industrial accidents,5 traffic acci-
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Furthermore, it is becoming clear that the link between
degenerative dementia conditions and sleep disruption
is bidirectional. Patients with cognitive impairment or
dementia have a high prevalence of sleep disturbance.'
On the other hand, sleep disturbance contributes to
cognitive decline and might also heighten the risk of
Alzheimer’s disease (AD) by increasing the amyloid beta-
peptide (AB) burden."”” ' A previous positron emission
tomography study revealed that older persons with shorter
subjective sleep duration had more AB."” In addition,
increased AB is likely to result in sleep abnormalities.'®

Recently, a mechanism described as the glymphatic
system,'” which excretes waste products in the cerebral
parenchyma into the paravenous efflux pathway, has been
proposed. In the glymphatic system, aquaporin-4 water chan-
nels densely expressed along astrocytic end-feet mediate
the transportation of cerebrospinal fluid (CSF) from the
periarterial space to the interstitium, where CSF encounters
interstitial fluid (ISF).'® Then, the mixed fluid moves to peri-
vascular or perineuronal space. This process results in the
clearance of the extracellular ‘garbage’ from the cerebral
parenchyma. It has been suggested that impaired function of
the glymphatic system is associated with the onset of neuro-
degenerative disorders.'” In an animal model, clearance of
AP during sleep was shown to be faster than that during the
waking state,” and sleep deprivation for one night caused the
accumulation of AB,*' particularly with slow-wave sleep inter-
ruption.'®** This is because the extracellular space expands
during sleep, and this expansion may increase the volume of
ISF passing through the brain parenchyma, thereby clearing
by-products more effectively.” Sleep deprivation or frag-
mentation can cause increased neuronal activity, leading to
elevated AP production and aggregation. Wakefulness also
increases sympathetic output and suppresses glymphatic
system function, which can result in decreased clearance of
pathogenic proteins such as AB, tau, or synuclein.

The glymphatic system can be visualised by several new
technologies and methods. A new method called diffu-
sion tensor image analysis along the perivascular space
(DTI-ALPS) has been developed to evaluate the effec-
tiveness of the glymphatic system.** Recently, a study
that used dynamic contrast-enhanced MRI showed that
patients with idiopathic Parkinson’s disease had an
impaired meningeal lymphatic system, which constitutes
a drainage system in the brain along with the glymphatic
system.”” A new term ‘central nervous system (CNS)
interstitial fluidopathy’, which includes AD, Parkin-
son’s disease, traumatic brain injury, stroke, small vessel
diseases, glaucoma, Méniere’s disease and idiopathic
normal pressure hydrocephalus, has been proposed.”® A
new method such as DTI-ALPS could provide important
new information regarding the relationship among sleep,
the glymphatic system and related diseases like CNS inter-
stitial fluidopathy.

Three main types of hypnotics are used in pharmaco-
logical treatment for insomnia: benzodiazepine receptor
agonists (BzRAs), melatonin receptor agonists and orexin
receptor antagonists. BzRAs, which have been used

frequently for decades, are usually classified by their elimi-
nation halflife. BzZRAs reduce sleep latency and wake after
sleep onset (WASO) and increase total sleep time (TST)*
and act through gamma-aminobutyric acid receptors, which
are distributed throughout a broad area of the brain. Thus,
BzRAs have anxiolytic, anticonvulsant and muscular relaxant
effects; however, they could also induce dependency and
increase the risk of falls and cognitive impairment.?
Recently, an epidemiological meta-analysis showed that a
history of BzRA use was significantly associated with the
incidence of dementia, and this association was maintained
after adjusting for protopathic bias, depression, anxiety and
insomnia.”” Although the relationship between BzRA use
and dementia is not always consistent,”’ ** a physician should
avoid prescribing BzRAs as much as possible. On the other
hand, melatonin receptor and orexin receptor antagonists
are associated with fewer adverse effects and have become
recognised as safer hypnotics compared with BzRAs. The
newest approved orexin receptor antagonist, lemborexant,
has been shown to improve objective/subjective sleep param-
eters such as sleep-onset latency (SOL) as measured by poly-
somnography (PSG) and by patientreported sleep diaries,
WASO and sleep efficiency (SE),” but not to cause rebound
insomnia or withdrawal.** In addition, the network meta-
analysis revealed the efficacy and safety of lemborexant for
patients with insomnia.”® However, whether the amelioration
of insomnia leads to improvements in the glymphatic system
remains unknown.

Therefore, we planned a prospective study, which
we named the FLUID study, to clarify the relationship
between sleep and the glymphatic system in patients
with insomnia. First, we will confirm the effectiveness
of lemborexant for improving objective sleep parame-
ters in patients with insomnia using Zmachine (General
Sleep, Cleveland, Ohio, USA), a new home-based sleep
monitoring system, and validated using PSG. Zmachine
can assess patients’ natural sleep compared with PSG,
because it uses only one channel, and thus imposes a less
onerous burden during the night, particularly on patients
with insomnia. Second, we will examine the relationship
between improvements in sleep and changes in the glym-
phatic system as evaluated by DTI-ALPS.**

METHODS AND ANALYSIS

Patient and public involvement

The development of the research questions, outcome
measures, study design, recruitment and conduct of the
study is not based on patient or public involvement.

Study design

This pilot study is planned as an open-label, single-arm,
single-centre trial. The study protocol was devised under
the consideration of the Standard Protocol Items: Recom-
mendation for Interventional Trials guidelines.”® This
trial will be conducted at Nagoya University Hospital in
Japan from 1 June 2021 to 31 October 2023. Patients will
take lemborexant at bedtime for 12 weeks and undergo a
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home-based sleep study at baseline and weeks 4 and 12. In
addition, they will undergo an MRI examination to eval-
uate the brain clearance system at baseline and week 12.

Participants

The inclusion criteria are: (1) able to provide written
informed consent before the study begins, (2) age 50 years
and older, (3) insomnia disorder based on the Diagnostic
and Statistical Manual of Mental Disorders, Fifth Edition
(DSM-5) and (4) score =24 on the Japanese version of the
Mini-Mental State Examination (MMSE-]). The exclusion
criteria are: (1) a history of hypersensitivity to lemborexant,
(2) severe hepatic dysfunction (Child-Pugh classification C),
(3) a history of lemborexant use, (4) a history of hypnotics
use within 1 week before providing consent, (5) a psychi-
atric illness interfering with scheduled examinations during
the study protocol, (6) sleep disorders other than insomnia
disorder, such as obstructive sleep apnoea requiring the use
of continuous positive airway pressure, periodic limb move-
ment disorders, or restless legs syndrome (RLS), (7) a history
of narcolepsy, (8) dementia, (9) specific conditions such as
repeated prolonged QT/QTc=450 ms on ECG, respiratory
disorders, severe hepatic/renal/gastrointestinal disorders,
neurological or psychiatric disorders, cancer within the past5
years or chronic pain, (10) breastfeeding or pregnant female,
(11) refusal to use contraception throughout the study
period, (12) contradictions for MRI such as a pacemaker,
implantable cardioverter-defibrillator, artificial joint or claus-
trophobia, (13) contradictions for gadolinium (Gd) contrast
agents such as a history of allergic reactions and asthma, and
(14) judged unsuitable for participation by a physician. The
discontinuance criteria are: (1) proposal to discontinue or
withdraw consent to participate in the study, (2) emergence
of a serious safety problem, (3) a critical event that requires
an operative intervention, (4) pregnancy, (5) unable to visit
the hospital, (6) judged unsuitable for participation by a prin-
cipal investigator or coinvestigator, (7) judged ineligible for
participation after the beginning of treatment and (8) the
discontinuation or interruption of part or all of the study
protocol.

Study drug

Participants will be dispensed lemborexant (5 mg) to be
orally administered at bedtime for up to 12 weeks. If a partic-
ipant feels that the dosage is not effective, it will be increased
to 10 mg after consulting with a study physician based on
the participant’s subjective complaints. Although scheduled
visits are set at weeks 4 and 12, additional visits are accept-
able according to participant’s request. Randomisation and
blinding are not required for this study.

Restricted medications

The following medications will be prohibited during the
study: antipsychotics, moderate to strong inhibitors of
cytochrome P450 3A4 (CYP3A4), inducers of CYP3A4,
anticholinergic drugs, sedative anticonvulsants, sedative
anxiolytics, hypnotics such as melatonin and over-the-
counter drugs, sedative herbs, sedative muscle relaxants,

antihistamines except for non-sedative antihistamines,
and other drugs that could induce or worsen sleep disor-
ders as judged by a principal investigator or coinvestigator.
The dosages of any antidepressants and mood stabilisers
prescribed before the screening period can remain
unchanged until the last observation. Other drugs except
prohibited drugs will be permitted for temporal use only.
Psychotherapies such as cognitive behavioural therapy
are not prohibited if the therapy is ongoing.

Test schedule

Table 1 shows the test schedule for this study. In the
screening period, background characteristics, vital signs,
results from medical examinations, blood and urine tests
and ECG recordings will be assessed.

Sleep-related symptoms, cognitive functions and psychi-
atric illness will be checked using the rapid eye movement
sleep behaviour disorder screening questionnaire, RLS
symptom screening tools, and Structured Clinical Interview
for DSM-5 screening module. Furthermore, to exclude sleep
disorders except for insomnia disorder, participants will
undergo a home-based sleep test using Zmachine, portable
electromyography (logger; GC, Tokyo, Japan), and pulse
oximetry (PULSOX-Me300; Teijin Pharma, Tokyo, Japan).
In addition, the participants will complete an electronic sleep
diary from the screening period through week 12.

In the test period, all participants will visit our hospital on
three pairs of two successive days at baseline and weeks 4 and
12 after treatment. All participants will undergo the home-
based sleep test using Zmachine for a night surrounding the
hospital visits. Questionnaires such as the Pittsburgh Sleep
Quality Index (PSQI), Epworth Sleepiness Scale (ESS),
Beck Depression Inventory (BDI) and Temperament and
Character Inventory Harm Avoidance (TCI-HA) will also
be conducted. Scores on the Continuous Performance Test,
Identical Pairs version (CPT-IP), Wisconsin Card Sorting
Test (WCST), Trail Making Test (TMT) and MMSE-] will be
analysed, along with eye movement estimation. In addition,
blood and urine tests and intestinal flora will be analysed. As
optional procedures, participants who provide consent will
undergo a Gd-enhanced MRI examination on the evening
and following morning at baseline and week 12 after begin-
ning treatment.

Sleep evaluation

Objective sleep parameters at home will be evaluated
using Zmachine, which is a single-channel EEG that moni-
tors sleep and provides algorithm-based sleep staging.
Validation studies of Zmachine have been conducted in
healthy subjects, patients with insomnia and psychiatric
patients.?ﬁ'39 The detailed methods of Zmachine have
been reported.” Participants can easily attach Zmachine
at night by themselves. The following four parameters
will be evaluated: latency to persistent sleep (LPS; elapsed
minutes until the beginning of the period in which 10
of 12 min are scored as sleep) as objective SOL, WASO
(total awake minutes following LPS), TST (accumula-
tion of all epochs determined to represent sleep) and SE
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Table 1 Test schedule

Follow-up
s . Baseline Lemborexant administration period period
creening
Schedule period Week 0 Week 4 Week 12 Week 16 Discontinuation
Within 28
Day days Day 0 Day 1 Day 29 Day 30 Day 85 Day 86 Day 113
Acceptable days - - +7 +7 +14 +14 +14 +14
Participant o
background
Pulse oximeter o Night
Electromyograph o Night
Lemborexant >
administration
Zmachine o Night o Night o Night o Night
Sleep diary < >
Sleep evaluation o Evening o Evening o Evening
MRI o Evening o Morning o Evening o Morning
Cognitive function o Morning o Morning o Morning
Mini-Mental State o o Morning
Examination
Questionnaire o Evening o Evening o Evening
Eye movement o Morning o Morning o Morning
analysis
Intestinal flora test (optional) (optional) (optional)
Vital signs o o
Clinical examination o o o o
ECG o o
Adverse events < > o o

(proportion of time spent asleep per time in bed, calcu-
lated as TST/total recording time) scores. Subjective sleep
parameters will be derived from electronic sleep diaries,
and subjective SOL (sSOL), subjective WASO (sWASO),
subjective TST (sTST) and subjective SE (sSE) scores will
be evaluated. Electronic sleep diaries will encourage the
participants to provide complete daily data because an
automatic alert message will send them a reminder within
a short time after awakening in the morning.

Brain clearance system

The brain clearance system, known as the glymphatic
system, can be evaluated using DTI-ALPS.** To evaluate
the activity of the glymphatic system in each participant,
the ALPS-index will be calculated. The method for calcu-
lating the ALPS-index has been described elsewhere.*
Image acquisition will be completed using a 3T clinical
scanner (Vantage Centurian; Canon Medical Systems,
Tochigi, Japan). DTIs will be acquired simultaneously in
addition to conventional morphology images. As another
method to evaluate the activity of the glymphatic system,
dynamic contrast-enhanced MRI using Gd contrast agent
will be performed,40 where K,,. 18 the volume transfer
constant of Gd contrast agent from blood plasma to the
extravascular extracellular space,”' reflecting both blood

plasma flow and permeability; the precise method has
been described elsewhere.***

Questionnaires

The PSQI will be used to assess the participants’ sleep
quality and disturbance during the past month. The PSQI
is composed of 19 questions covering seven components,
including subjective sleep quality, sleep latency and use of
sleeping medication.* A participant with a PSQI score 25
is regarded as having sleep disturbance. The ESS will be
used to assess subjective daytime sleepiness. A participant
with an ESS score 211 is regarded as having daytime sleepi-
ness.” The BDHI is practical for research and will therefore
be used to assess the severity of depression."” The TCI-HA,
which consists of the 20 items, is a HA subscale from the TCI-
125." The scales pertain to the following four components:
anticipated worry, fear of uncertainty, shyness and fatigability.
Participants with high scores tend to be shy, easily fatigued or
apprehensive.

Cognitive function

The CPTIP will be used to measure sustained attention.*
A series of four-digit stimuli are presented for 50 ms, with
an interstimulus interval of 950 ms. Each completed task
consists of 150 trials, of which, 30 are target trials requiring
a response. In this test, performance is measured by the hit
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rate, false rate and signal detection index d-prime, which is a
measure of discriminability computed from ‘hits’ and ‘false
alarms’. A modified computerised version of the WCST will
be administered to measure executive function, and the
test lasts until such time as 48 cards are sorted.*’ * Perfor-
mance will be measured by the following indices: category
achievement, perseverative errors of Nelson and difficulty of
maintaining set. TMT parts A and B will be used to measure
psychomotor speed, attention, visual scanning ability and
executive functioning.” In part A, participants are instructed
to connect an ascending series of circles containing numbers
as quickly as possible. In part B, participants are instructed
to alternate between numbers and letters. The performance
measure in these tests is the time required to complete each
condition. The MMSE-, which only focuses on cognitive
aspects spoiling the mood, thinking and mental experiences,
will be used to assess general cognitive function.”

Eye movement analysis

Measures of eye movement have been applied to eval-
uate higher brain functions such as cognition, social
behaviour and higher-level decision making. Recently, a
growing body of research has described eye movements
in relation to psychiatric disorders.” >* Eye movement
analysis in insomnia has focused on the aspects of mood
regulation and emotional information processing.”> We
will investigate how sleep improvement by lemborexant
changes eye movements.

Methods for eye movement recordings and the
processing and analysing of eye movement data have
been described elsewhere.”® The participants will face a
19-inch liquid crystal display monitor placed 70 c¢cm in
front of their eyes. Visual stimuli will be presented using
MATLAB (MathWorks, Natick, Massachusetts, USA) via
the Psychophysics Toolbox extension. Eye movements
and pupil areas of the left eye will be measured at 1
kHz using the EyeLink 1000 Plus system (SR Research,
Ontario, Canada). The data will be analysed using
computer programmes based on MATLAB.

On the basis of a previous study,” we will administer three
eye movement examinations to extract three eye movement
measures. The free viewing test will be performed using
20 original images involving pictures, geometric patterns
and noises. The participants will be instructed to view each
presented image freely for 8 s. In the smooth pursuit test,
participants are required to track a target moving along a
Lissajous trajectory for 20 s. The trial will be repeated twice.
In the fixation stability test, participants are required to main-
tain their gaze on a fixation target presented at the centre
of the monitor for 5 s in the presence of a distractor stim-
ulus that suddenly appears to the left or right of the fixation
target. Each condition is repeated twice, and a total of four
trials are conducted in random order. The participants will
take this test in the morning at baseline and weeks 4 and 12.

Intestinal flora test
There is considerable evidence showing that the gut
microbiome not only affects the digestive, metabolic and

immune functions of the host, but also regulates host
sleep and mental states through the microbiome-gut—
brain axis.”” Gut microbiota are known to differ by age,
sex and race’® 59; therefore, we will investigate the rela-
tionship between insomnia symptoms and the structure
of the gut microbiota in the Japanese population.
Participants who consent to this optional substudy will
collect faecal samples at home. After extracting total DNA
from the samples, long-read metagenomics and 16S ribo-
somal RNA gene PCR will be used to evaluate the gut
microbiota.”’ ®' Faecal samples will be collected in the

morning at baseline and weeks 4 and 12.

Primary outcome

The primary outcome is the amount of change in objec-
tive sleep parameters (LPS, WASO, TST and SE, as evalu-
ated by Zmachine) from baseline to weeks 4 and 12.

Secondary outcomes

The secondary outcomes are: (1) the amount of change
in subjective sleep parameters (sSOL, sWASO, sTST and
sSE, as derived from sleep diary data) from baseline to
weeks 4 and 12, and (2) the relationship between the
changes in subjective or objective sleep parameters and
the ALPS-index at week 12.

Exploratory outcomes

The exploratory outcomes are: (1) relationships between
the ALPS-index and changes in other scores from base-
line to weeks 4 and 12, such as cognitive function (CPT,
WCST, TMT and MMSE-]), questionnaires (PSQI, ESS,
BDI and TCI-HA), eye movement analysis and the intes-
tinal flora test, and (2) the relationship between changes
in objective or subjective sleep parameters (LPS/sSOL,
WASO/sWASO, and TST/sTST, SE/sSE) and K,,. at
week 12.

Sample size rationale

Patients aged 50 years and older with insomnia disorder
according to the DSM-5 will be recruited through online
advertisements. Although the pilot study does not require
a sample size calculation, the sample size was set at 30
based on the results of Study 304 (NCT02783729), a
clinical trial using lemborexant,41 and a previous study
examining the brain clearance system.”” In Study 804,
lemborexant (5 mg) improved sleep parameters from
baseline as follows: 44.86 min (baseline) to 25.84 min
in the latency to persistent sleep (SD 24.253), 68.36%
(baseline) to 81.29% in SE (SD 8.800), and 113.44 min
(baseline) to 69.10 min in WASO (SD 34.533). To detect
a significant change from baseline to 12 weeks of treat-
ment at a two-sided o level of 5% with a power of 80%,
28 participants for LPS, 10 for SE, and 12 for WASO were
calculated to be required.

Statistical analysis

Basic statistics for each score at each evaluation point will
be calculated. Objective/subjective sleep parameters at
baseline will be compared with those at weeks 4 and 12 by
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using a paired t-test. The association between objective/
subjective sleep parameters at week 12 and the ALPS-
index or K will be analysed by statistics such as Pear-
son’s correlation coefficient. The relation between other
parameters in exploratory outcomes at weeks 4 and 12
and the ALPS-index will also be analysed by statistics such
as Pearson’s correlation coefficient. We will not correct
for multiple comparisons because this is a pilot trial.
Statistical significance will be defined by a p<0.05.

Adverse events

Treatment-emergent adverse events will be analysed
descriptively. At visits at weeks 4 and 12, adverse events
(spontaneous reports of the participant’s complaints),
physical exam findings, and the results of blood and
urine tests, and ECG will be assessed.

ETHICS AND DISSEMINATION

The study protocol was approved by the Nagoya Univer-
sity Certified Review Board (2021-0079). The study will
be performed at Nagoya University Hospital. Informed
consent will be obtained from all participants. For privacy
protection, all participants will be identified using an
anonymous identification code. If any necessary experi-
mental data are provided to a joint research institution,
these will be carefully protected using only the partici-
pants’ identification codes and a corresponding table.
The acquisition of informed consent, the inclusion/exclu-
sion criteria, participant eligibility and the occurrence of
any adverse events will be confirmed by an independent
monitor from the research organisation. The monitor
will confirm whether the research procedure is carried
out based on the approved procedure and ensure that
the data are properly stored. An auditor unrelated to this
research will check whether the experimental procedures
follow the protocol prepared beforehand. The monitor
and auditor will survey all data derived from the research.
The findings from the research will be published in peer-
reviewed journals and presented at local, national and
international conferences.

DISCUSSION

The aim of this study is to reveal whether improved sleep
quality by lemborexant improves the function of the glym-
phatic system as evaluated by DTI-ALPS. To the best of
our knowledge, this is the first prospective trial for eluci-
dating the relationship between sleep and the glymphatic
system in humans. In an animal model, the elimination of
AP was found to be faster during sleep than awake periods
because the extracellular space expands under natural
sleep conditions, as well as under anaesthesia.?’ The
number of studies on the relationship between the glym-
phatic system and sleep in humans has been increasing,
but previous studies have been cross-sectional®™ ** or not
performed in a clinical setting.”’ Therefore, our study
may identify a longitudinal relationship between the

improvement of insomnia in humans by lemborexant
and the function of the glymphatic system as evaluated by
the ALPS index.

This study will use Zmachine, an ambulatory sleep EEG
monitor, which has shown a good concordance with PSG
in various sleep parameters.37 Although laboratory PSG
has been shown to be the gold standard of sleep measure-
ment, it requires an overnight stay in a sleep laboratory
with multiple electrodes and other devices that can inter-
fere with sleeping. These factors can contribute to the
‘first night effect’, where sleep duration and quality in the
laboratory setting can substantially differ from that typi-
cally experienced at home.” ° At-home sleep monitors
may help to address this problem by allowing participants
to sleep in their beds while maintaining sufficient agree-
ment with PSG.” The effect of lemborexant on objective
sleep parameters has been evaluated by PSG,™ " but there
are no objective data regarding natural sleep conditions
except for subjective evaluations such as sleep diaries or
questionnaires. Therefore, Zmachine will make it possible
to evaluate the effect of lemborexant on objective sleep
parameters under near-natural sleep conditions.

Orexin is an important neuropeptide in promoting
wakefulness and regulating the sleep—wake cycle, and its
role in human cognition and AD has been also emphasised.
AP clearance from brain ISF is affected by the sleep-wake
cycle, and excessive orexin signals may disrupt the sleep—
wake cycle and lead to the accumulation of Af. Indeed,
sleep deprivation and orexin infusion in mice increased,
whereas orexin receptor antagonist infusion decreased
ISF AB levels.”® If the orexin receptor antagonist lembo-
rexant not only improve the subjective and objective
sleep parameters but also affects the ALPS index, it might
provide new insights regarding the pathology, treatment
and prevention of neurodegenerative disorders such as
AD in which protein aggregation occurs in the brain."
Considering these functions of orexin in sleep and neuro-
degenerative disorders, we selected lemborexant rather
than BzRAs as a hypnotic in this study, the purpose of
which is to clarify the relationship between improvements
in insomnia and the function of the glymphatic system.

If this study can clarify the relationship between sleep
and the glymphatic system, the role of sleep in the brain
clearance system may be revealed, leading to an important
intervention in the brain clearance system for physicians
and patients. This evidence might result in more atten-
tion to sleep hygiene and a more aggressive treatment
approach for insomnia.
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