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Abstract
Introduction: Neurodegenerative disorders such as Alzheimer’s disease (AD) are increasingly prevalent amongst older
populations. Sleep irregularities are one of the chief complaints in people diagnosed with sleep disorders. Sleep has been
hypothesized to ensure metabolic homeostasis and remove neurotoxic waste. Inadequate sleep leads to an accumulation of
Amyloid-Beta (Aβ) levels which is associated with neurodegenerative diseases including AD and other dementias. Sleep is
the driver of the glymphatic system, located in the perivascular space. The glymphatic system eliminates soluble proteins,
including Aβ, from the central nervous system; transporting cerebrospinal fluid through the brain; and distributing
macromolecules across the brain. This research proposal aims to identify optimal sleep patterns that decrease
neurodegeneration by increasing glymphatic system functioning.
Methods: This study presents an ad-hoc study conducted over a 6-month period utilizing participants who have reported a
family history of AD. Aß accumulation and cortisol levels will be measured to identify signs of neurodegeneration using
brain scans, such as Positron Emission Tomography, and blood tests. Other parameters such as memory, energy rating, and
sleep latency will be measured.
Results: Reduced slow-wave sleep may lead to a disruption in the glymphatic system. Monophasic sleep is said to have the
most slow-wave sleep, and least rapid eye movement sleep which is most similar to wakefulness. Therefore, we hypothesize
that monophasic sleep will slow neurodegeneration compared to biphasic and polyphasic sleep, contrary to popular belief that
biphasic sleep is more beneficial than monophasic sleep.
Discussion: In this experiment, we expect to see increased glymphatic clearance after monophasic sleep. There are many
factors that can impact sleep patterns and glymphatic clearance including work style, environment, culture, race, sex, and
genetic markers for AD.
Conclusion: Further research that applies this suggested methodology should account for these variabilities when making
conclusions on the optimal sleep pattern for plaque clearance in the brain. This proposal may improve research on AD by
identifying the effects different sleep patterns have on the brain and neurodegeneration. Future research may study changes in
sleep habits as a preventative measure for individuals who are at risk for or have been diagnosed with AD.
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Introduction
Alzheimer’s disease (AD) currently affects over 40
million people across the world, and with limited treatment
options, its prevalence continues to increase. Although
current treatment options serve to benefit the quality of life
of those with the disease, they do not decrease the rate of
decline. This neurodegenerative disease leads to memory
loss, eventually affecting a person's ability to complete
basic daily tasks. This disease can also lower the quality of
life and increase financial burden on families. AD is ranked
as the sixth leading cause of death in the United States and
is the most common cause of dementia. Investigating daily
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life processes that can potentially impact the development
of AD can lead to providing better prognosis tools for those
who are at risk for AD.
A daily life process that has associations with AD is
sleep. Sleep plays a critical role in the development and
progression of neurological disorders including AD. Lack
of sleep is considered an early marker for
neurodegeneration. Neurodegeneration further amplifies
fragmentation of the sleep-wake pattern by increasing sleep
in the daytime and the frequency in nocturnal awakenings,
worsening the disease state [1]. Disturbances in sleep, such
as insomnia or hypersomnia, are associated with behavioral
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issues in 25-40% of individuals with mild to moderate
dementia due to AD [2,3]. While the disease state worsens,
characterized by increased physical dependence on others
and rapid cognitive decline, neurodegeneration and sleep
decline also worsen [2]. Therefore, this feedforward loop
exacerbates the neurodegeneration of the individuals.
Understanding sleep as a daily process is pertinent to
identifying ways to hinder the rapid development of the
disease.
Recent research has proposed that a fundamental
function of sleep is to establish a state for the glymphatic
system to efficiently clear the central nervous system
(CNS) of metabolic waste. It has been suggested that the
glymphatic system is 90% more active during both natural
and anesthetized sleep [4]. The brain must divide its
resources between processes during the awake state, such as
processing sensory information, and glymphatic clearance;
therefore, there is increased cerebrospinal fluid (CSF) flow
into the brain during sleep rather than during the awake
state [5]. The glymphatic system functions during the sleep
cycle and becomes largely disengaged during the wake
cycle. Research also indicates that there is less arousal of
the thalamus and the cerebral cortex during sleep, and
therefore, less activity in the brain may also contribute to
lower levels of metabolic waste [6]. Inadequate sleep thus
leads to a decrease in the glymphatic system, waste
removal, and transport of key compounds. The glymphatic
system has been cited to play a role in reducing
neurodegeneration, traumatic brain injury, and the onset of
diseases.
The glymphatic system serves to clear cellular waste
from the brain connecting both the perivascular network for
CSF transport and the lymphatic network associated with
the meninges, cranial nerves, and large vessels exiting the
brain [7,8]. The driving force of the movement of the CSF
pulls the interstitial fluid (ISF) into the perivenous space
enabling the interchange between the CSF and ISF - the
main component of the glymphatic system (Figure 1).
Natural sleep or anesthesia have been associated with
approximately a 60% increase in interstitial space and
therefore, increased interchange between CSF and ISF
leading to increased functioning of the glymphatic system.
In a healthy brain, CSF flow is aided by highly polarized
aquaporin-4 (AQP4) water channels on the astrocytic endfeet [9]. AQP4 facilitates the transport of CSF to the
parenchyma, the functional portion of the brain.
Dysfunction of AQP4 channels leads to a disruption of CSF
flow, breakdown of the blood-brain barrier, brain
inflammation, and the accumulation of metabolic protein
waste in the glymphatic network. One common pathology
of AD is the accumulation of a metabolic protein, AmyloidBeta (Aß), in the brain. Aß is formed from the proteolysis
of a single-pass transmembrane protein known as amyloidbeta precursor protein (APP). This protein is metabolized
rapidly and plays an important role in neuronal growth and
repair. Accumulation of Aß is likely a result of decreased
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APP metabolism or Aß clearance [10]. Mice model studies
have shown that a lack of sleep in mice increase Aβ
accumulation [11,12]. This suggests a feedforward loop
where the increase of Aß is associated with a lack of sleep,
both of which may worsen AD symptoms.

Figure 1. Amyloid-beta clearance via the glymphatic
system in young adults, older adults, or those with AD. In
younger individuals, AQP4 remains highly polarized on the
vascular end-feet. As individuals age, AQP4 begins losing
its polarity and Aß accumulates in the perivascular space.
This worsens in individuals with AD, and Aß plaque builds
up blocking para-arterial influx. This allows more Aß and
metabolic waste to enter the perivascular space, ultimately
decreasing glymphatic clearance. This figure was created
using Biorender.
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Identifying sleep patterns that may reduce Aß accumulation
could slow down cognitive decline and disease progression
in individuals with AD.
It is well known that humans have many different sleep
patterns, which are thought to arise from variability in
environmental conditions such as warmer climates and
industrialization [13]. Research has demonstrated three
different types of sleep patterns observed in humans:
monophasic, biphasic, and polyphasic [14,15]. Monophasic
is defined as one 6-8 hour sleep cycle. Biphasic sleep is

defined as one 5-7 hour sleep interval with one 30-minute
nap time. Lastly, polyphasic sleep is characterized by one
5-6 hour sleep interval with a minimum of two 30-minute
nap times (Figure 2). Current research has not yet explored
the correlation between different sleeping patterns and
glymphatic clearance relative to Aβ accumulation and AD.
Identifying an optimal sleep pattern that may reduce Aβ
accumulation could slow down the cognitive decline in
individuals with AD.

Figure 2. Sleep Patterns Across 24 hours. This figure was created using Biorender.
Slow-wave
energy
is
the
accumulated
electroencephalography (EEG) oscillatory activity in the
delta frequency band (~1-4 Hz). Slow-wave sleep (SWS) or
deep sleep, defined as Stage 3 of the sleep cycle, occurs
during non-REM and is characterized by delta waves. During
this stage, there is a decrease in blood pressure and breathing
rate as the body repairs itself and consolidates memory. In
other words, SWS is the stage needed for the body to feel reenergized. In contrast, the rapid eye movement (REM) sleep
phase is what is known as paradoxical sleep. During this
stage, oscillatory activity shows desynchronized rhythms
most similar to arousal or wakefulness. REM sleep causes
the muscles to become immobilized, dreaming occurs, and
similar to SWS, memories are consolidated. As the
glymphatic system has been suggested to work best during
rested sleep, we propose that increased slow-wave sleep will
lead to more glymphatic clearance. Monophasic sleep has
been proposed to have more SWS than polyphasic sleep [16].
The glymphatic system, which plays a role in clearing
Aβ buildup during sleep is important to study in its relation
to AD. The bidirectional relationship between sleep and
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neurodegeneration makes it an important focal point for
preventing the worsening of the disease state. As sleep is a
malleable daily process, we hope the conclusions of this
study will provide healthcare personnel with supporting
rationale to integrate changes in sleep processes into AD
treatment plans. Understanding the connection between
sleep patterns and the glymphatic system clearance in
individuals with a family history of AD may also serve to
promote better sleeping habits in order to reduce Aß
accumulation especially for those who are at risk for the
disease. Further, determining the optimal sleep patterns for
glymphatic clearance could be used as a long-term lifestyle
change to slow down or prevent disease progression
especially in those with a family history of AD.
In this paper, we aim to provide an ad-hoc
methodology to investigate the optimal sleeping pattern for
the prevention of AD. We hypothesize that there is a
bidirectional relationship between Aß accumulation and
lack of sleep. Bidirectionality between each factor has been
theorized but has not yet been examined. In this study, we
hypothesized that participants who engage in greater
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Figure 3. Concept model showing bidirectionality between Aß accumulation, lack of sleep, and worsened disease state of
AD. This figure was created using Biorender.

Figure 4. Diagram summarizing research design. This figure was created using Biorender. This ad-hoc cross-sectional study
is designed to collect pertinent variables to understand the impact that sleep cycles have on the accumulation of Aß and
cognitive decline in middle-aged adults.
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monophasic sleep will show fewer signs of Aβ protein
buildup and over time, slower rates of neurodegeneration,
relative to those who engage in either biphasic and
polyphasic sleep (Figure 3).
Methods
Participant Enrollment
The target group of this study will be adults between
the ages 20-40 and 41-60 including both sexes to account
for variability in sleeping patterns. Signs of late-onset AD
begin around age 60 and signs of early-onset AD begin to
show between ages 30 to 60 (Figure 4). Voluntary
participants will be selected based on reported family
history of AD. Participants will be excluded if they meet
any of the following criteria: past/present medical history of
cancer, psychiatric disorders, sleep disorders, those who are
pregnant or breastfeeding, shift workers, or plan to travel
outside of their time zone during the study period.
Prior to the beginning of the study, questionnaires
administered by interviewers will collect information
regarding participants’ personal data, education, work,
health status, and sleep patterns. After determining
participants have met the criteria for participation, they will
be asked to consent to participation via a written informed
consent form. Participants will be assigned to one of three
predetermined groups depending on their pre-enrollment
sleeping pattern: monophasic, biphasic and polyphasic [17].
Participants will not need to adjust their sleep pattern to be
included in the study, accounting for variability in
adjustment time. Sleep quality over the past month will be
calculated based on the Pittsburgh Sleep Quality Index.
Schedule of Assessments
Participants will be asked to have their sleeping
patterns monitored using an actigraphy watch and a sleep
diary for 6 months. Every day participants will be asked to
record their subjective sleep levels and energy ratings in a
journal entry. Participants will be asked to take a positron
emission tomography (PET) scan to measure Aβ plaque
accumulation at the beginning and end of the study (months
0 and 6). Participants will be asked to perform a formal
sleep study where polysomnograms and sleep staging will
be calculated overnight followed by an MSLT study at the
beginning, interim and conclusion of the study (months 0,
3, 6). Every two weeks a memory test will be conducted
and blood work will be taken to measure cortisol and Aß
levels.
Measures
Memory
Sleep has been suggested to be important for
declarative memory consolidation. A study even found that
lower recognition of items learned previously was
associated with lower subjective sleep quality in individuals
with prodromal AD [18]. The present study opted to use
memory recall test which involves the participants being
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given a set of words to memorize before sleeping and
asking the participants to recall any words they remember
the morning after the sleep cycle. The words will be given
on a piece of paper in list form. Participants will be asked to
only reference the list of words before sleeping for 5
minutes. Declarative memory tapping verbal learning and
pattern recognition memory will be used. This test would
be given every two weeks. The number of words correctly
identified will be recorded.
Sleep Diary
Sleep has also been suggested to play a role in
conserving and restoring energy through glycogen level
restoration [19]. Therefore, testing energy levels may be
indicative of sleep quality. Self-reported qualitative energy
levels would be recorded daily by the participants through a
sleep diary (Consensus Sleep Dairy) [20]. The quantitative
energy levels will be recorded independently by each
participant in a journal-style entry, ranking their energy
level on a Likert-type scale of 1 (no energy) to 10 (full
energy).
Slow Wave Sleep (SWS) Measurement through EEG
Analysis
Polysomnograms and sleep staging will be calculated
according to standard criteria using a a MK3 TrackIT
recorder (Lifelines Diagnostics) [21]. Polysomnograms will
be performed using standard electrodes including bilateral
frontal, central and occipital parasagittal electrodes, and a
2-lead electrocardiogram, SWS will be quantified as the
spectral power in the delta (0.5-4 Hz) band averaged across
all non-REM epochs from the bilateral frontal and central
electrodes. All data will be accurately collected and
calculated by a registered polysomnographic technologist.
Sleep Latency
Sleep latency, or how fast one falls asleep, is used
routinely as an indicator of pathological sleepiness. A sleep
latency that is too short or too long would be indicative of
sleep abnormalities whereas a normal sleep latency would
indicate healthy sleep habits. One study suggested that a
sleep latency of less than 5 minutes is associated with
impaired performance while a sleep latency of 8 minutes or
above is associated with a diagnosis of narcolepsy [22]. In
this study, we define sleep as a regulated state of reduced
movement and sensory responsiveness. Sleep latency will
be quantitatively measured using the Multiple Sleep
Latency Test (MSLT). The MSLT will consist of
participants being asked to take 4-5 20-minute naps over a
2-hour period with EEG monitoring to determine sleep
latency.
Actigraphy Watch
Actigraphy watch (MotionWatch 8) is an actigraphy
device that will be used in this study. Measurements
collected will include total sleep time, sleep efficiency, and
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circadian rhythm analysis. Individuals will be asked to wear
the watch 24/7 for the length of the study (6 months). The
actigraphy watch will mainly be used to compare sleep
quality between the three experimental groups. The
actigraphy data will be manually scored using the
30-second epoch timer stamps. Subjective bedtime and
waketime scores will be set when the participant pushes a
button on the actigraph indicated they have lain down with
the intention to sleep and when they have woken,
respectively. If the button is not pushes, the sleep diary,
which contains written intended bedtime and sleep time
will be used.
Amyloid-Beta Buildup
Aβ Plaque buildup will be measured in two separate
ways: through C2N Blood Testing and PET scanning.
Blood samples collected from participants every two weeks
will be tested using the C2N test (PrecivityAD) that uses
mass spectrometry to detect Aβ levels. Aβ levels calculated
through blood testing will be used to identify interim
variations in Aβ levels through the study. Amyloid-beta
burden (AβB) levels would be measured using PET. This
will be done using 8F- florbetaben (FBB), a PET
radiotracer. Levels of Aβ, calculated through both C2N
testing and PET scans will be compared to their baseline
AβB levels at the end of the study.
Cortisol
Cortisol levels will be measured using blood tests taken
every two weeks during the study to account for any
variation in quality of sleep that may affect results. In
addition, SWS is associated with decreased plasma cortisol
levels. Therefore, measuring cortisol levels may allow us to
determine whether participants demonstrated more SWS in
each sleep pattern pool.
Analysis
PET scan data on Aß accumulation will be used to
determine an overall increase or decrease of AßB from the
start to the finish of the study, whereas, Aß levels
calculated through blood samples will be used to calculate
interim changes in the protein level. Data collected from the
actigraph will be used to measure both qualitative
(Consensus Sleep Diary) and quantitative (energy levels)
measures of sleep. Data collected from the
polysomnographs will be used to determine increases and
decreases in SWS. Daily energy levels determine how
energy levels changed throughout the course of the study,
determine if there was any improvement, and compare
averages between each sleep group. Individual results of
each sleep group will be averaged out and compared to
determine patterns of accumulation and other variables.
Data on cortisol levels were collected to control for
variability across the following measures: Aß levels,
memory test scores, and data from actigraphy watch on
hours of sleep between individuals. All analysis will be
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conducted using the SAM data analytics approach to better
identify correlations between the measures and combine to
test the hypothesis offered [23].
Results
We expect Aβ protein accumulation (from PET scans)
and cortisol levels to decreaseand SWS activity to increase
the most in participants in the monophasic sleep group
followed by participants in the polyphasic sleep group.
Lastly, the biphasic sleep group should show the least
improvement in metabolic levels.
This is because
participants in the polyphasic sleep group will on average
sleep more with two nap times rather than one and therefore
have increased SWS. Additionally, we expect higher
cognitive scores on the memory test, increased energy
ratings, and normal sleep latency in participants in the
monophasic sleep group followed by the polyphasic sleep
group and lastly the biphasic sleep group.
Discussion
This research proposes to test the effects of different
sleeping patterns particularly monophasic, biphasic, and
polyphasic sleep in relation to glymphatic clearance. By
taking periodic tests of Aß levels using a large population
of individuals with a family history of AD, optimal sleeping
patterns can be determined. The results of this study can be
applied to a larger population of older adults with AD and
implications can inform preventative measures for AD or
even as part of a treatment plan. Individuals who have a
family history of AD or who are identified as high risk for
AD may be recommended to adopt monophasic sleep.
Some clinical methods to improve sleep cycles, such as
stimulus control therapy, sleep restriction, or the use of oral
medication such as melatonin, can be discussed with the
patient as an addition to their current treatment plan. In
addition, determining the sleeping pattern that has the least
Aß clearance can allow clinicians to use this as a prognosis
tool for AD by identifying which individuals are more
likely to have decreased Aß clearance, therefore, are most
at risk for AD.
To our knowledge, research connecting glymphatic
clearance and sleep patterns have not been conducted yet.
Therefore, we suggest that if significant effects of
monophasic sleep patterns on neurodegeneration are found,
it may be beneficial to those who are predisposed to AD to
alter their sleep pattern as part of their management of the
disease. In this paper, we anticipate that the participants
with the most Aß clearance would be those with a
monophasic sleep pattern. Aß protein accumulation and
increased metabolic waste levels, which are characterized
by an enlargement of the perivascular space, may show
signs of neurodegeneration in the PET brain scans. Past
research indicates that increased slow-wave activity after
sleep deprivation is a normal response due to increased
homeostatic
sleep
pressure.
Split
sleep
(polyphasic/biphasic) reduces slow-wave activity and
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therefore homeostatic sleep pressure. Slow-wave sleep has
also been linked to increased glymphatic system clearance.
For this reason, we propose that the glymphatic system
functions more efficiently during SWS and therefore
reduced SWS would lead to disrupted glymphatic clearance
and increased disease progression.
To measure Aß accumulation and determine optimal
sleeping patterns, radiotracers and blood tests will be
conducted. One limitation includes the inability of these
radiotracers to measure soluble Aß and therefore, possible
inaccurate results that do not cover the clearance of soluble
Aß. Since this is an ad-hoc study, outside variables
including slight variations in sleep pattern, environment,
location, varying job schedules, etc. cannot be accounted
for. However, to help mitigate this, a survey will be used to
group similar participants, an actigraphy watch will be used
to detect slight differences in sleep pattern, and a large
sample will be used. For future directions, studies show that
those who live on the equator are more likely to partake in
polyphasic sleep due to a hotter environment. Therefore, it
may be valuable to investigate the correlation of sleep
patterns with glymphatic clearance of those who live near
the equator or those who originate from countries near the
equator. Such a study would need to account for differences
in environment and location.

PET: positron emission tomography
SWS: slow-wave sleep
REM: rapid eye movement
ISF: interstitial fluid
AQP4: aquaporin - 4
EEG: electroencephalography
MSLT: multiple sleep latency test

Conclusions
This study explores the connection between Aß
deposition, the glymphatic system and sleep patterns by
proposing a method for an ad-hoc sleep study. Future
studies may investigate the connection between sleep cycles
and glymphatic system clearance to further understand the
effects of different types of sleep on AD. The population
used for this study includes individuals with a family
history of AD. Genetic tests of the participants can be
collected at the end of the sleep study to identify if there is
a stronger relationship between Aß clearance with those
who have both a family history of AD and carry causative
gene markers. Further research can focus on an older adult
population who have been diagnosed with AD to
understand if shifting to a monophasic sleep pattern could
potentially slow Aß accumulation. Determining optimal
sleep patterns for Aß clearance in those with a family
history of AD would allow the option for this population to
adopt sleeping habits that closely resemble monophasic
sleep. This proposal can be used as a preventative measure
to slow or prevent disease progression even early on in life.
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