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Abstract

Introduction: Alzheimer’s disease (AD) is the most common neurodegenerative disorder, impacting 55 million people
worldwide. With rates on the rise, research is continually being conducted to examine risk factors that are contributing to its
growing prevalence. There is growing evidence showing a bidirectional relationship between sleep and AD, where poor sleep
contributes to the development of AD, and conversely, AD pathology impairs patients’ sleep quality and quantity.

Methods: A narrative review was conducted in a systematic fashion using the databases PubMed, Embase and the Cochrane
Library. After performing a literature search, high-quality relevant sources are selected, and data were extracted and analyzed
to explore the relationship between AD and lack of sleep.

Results: A bi-directional relationship was suggested based off evidence which was gathered from longitudinal studies and
cross-sectional studies. As well as experimental studies which was focused on the mechanisms of AD, including tau protein
aggregation and beta-amyloid accumulation.

Discussion: Results showed that there could be a potential bi-directional relationship when discussing AD and sleep. In AD,
metabolic waste known as beta-amyloid creates neurotoxic plaques which form in the spaces between neurons. Studies
suggest that AP has an important role to play in sleep as increased sleep disturbances are present with AP accumulation.
Conversely, after losing one night of sleep, there is an increase in beta-amyloid, highlighting the role of sleep in metabolite
clearance. Another AD protein associated with sleep is tau. Poor sleep is associated with clumping of tau, forming toxic
tangles inside neurons which injure tissues nearby and contributes to cognitive impairment. However, it still difficult to
conclude the directionality of sleep and AD due to limitations on the current technologies used to detect amyloid-beta and
tau.

Conclusion: This narrative review concludes that a bi-directional relationship may be present between sleep abnormalities
and AD. Management of poor sleep quality should be further considered as a potential prophylactic intervention against AD.
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Introduction

Dementia refers to neurodegenerative disorders
associated with memory impairment, difficulty in planning
and problem solving, inability to learn new things, and
shortened attention span, and affects more than 55 million
people worldwide [1]. Alzheimer’s disease (AD) is the
most common form of dementia, accounting for about 70%
of cases [2]. AD is a progressive neurological disease
which results in the deterioration of various cognitive
functions, including significant memory impairment. With
numbers on the rise, AD and dementia are becoming a
growing concern globally. It is anticipated that
approximately 70 million people worldwide will develop
AD by 2030, and this number is expected to nearly double
by 2050 [3]. In Canada alone, over 747,000 Canadians are
currently living with AD or other dementias, and this
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number is expected to increase to 1.4 million people by
2031 [1,4].

One seldom discussed factor in AD is the role of sleep.
Sleep disturbance is a common complaint reported in
individuals with AD [5]. AD pathology may damage certain
neural pathways that control and regulate sleep, as sleep
quality tends to deteriorate significantly as the disease
progresses [6]. Additionally, poor sleep may also be a risk
factor for the development of AD as observational evidence
suggests that disrupted sleep is related to cognitive
impairment and the development of neurodegenerative
diseases. Thus, there may be a bi-direction relationship
between AD and sleep as sleep is a risk factor to AD
pathology, and sleep deterioration and disturbances are a
marker of AD [7,8]. It is hypothesized that a bidirectional
relationship exists between sleep and the pathogenesis of
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AD as the accumulation of beta-amyloid (AB) negatively
impacts sleep behaviour. Likewise, poor sleep may increase
AP aggregation and promote the deposition of tau protein in
the brain [9]. Therefore, the aim of this manuscript is to
review and examine the literature surrounding the
bidirectional relationship between AD pathology and
varying aspects of sleep.

Methods

This narrative review took a systematic approach to
find (48) relevant literature. Databases used included
PubMed, Embase and the Cochrane Library. The keywords
that were used in the search were: “Alzheimer’s disease”
OR “Alzheimer’s dementia”, “Early-onset Alzheimer’s
disease”, late-onset Alzheimer’s disease”, ‘“cognitive
decline”, “pathogenesis of Alzheimer’s disease,” AND
“lack of sleep” OR “sleep deprivation”, “insomnia”,
“insufficient sleep” , “sleep disturbance”, “sleep
complaints”, “sleep disorders “AND “tau protein” OR
“beta-amyloid”, “tau”, ‘“amyloid beta”. Results were
filtered to the last 20 years and high-quality, relevant
sources were selected, and important data is extracted and
analyzed to determine a potential correlation between AD,
cognitive decline, and poor sleep.

Results

Evidence for the bi-directional relationship sleep and
AD in humans comes from both longitudinal studies and
cross-sectional studies. There was also evidence for the role
of AD pathologies, beta-amyloid and tau, as possible
mechanisms contributing to sleep disturbances and AD.

Longitudinal Studies

Longitudinal evidence demonstrates that poor and
disrupted sleep earlier in life is associated with cognitive
difficulties years later. In a pivotal study by Lim et al., poor
sleep quality was associated with cognitive health of older
adults, as those with the greatest sleep fragmentation
(Interrupted sleep) had a 1.5-fold risk in developing
dementia. Additionally, greater sleep fragmentation was
associated with a greater annual rate of cognitive decline.
This suggests that short interruptions during sleep was
associated with increased risk for cognitive decline and the
development of AD [10].

For example, having insomnia earlier in life is
associated with the development of AD [11]. Osorio et al.
used a subset of 346 healthy older adults, and compared
between healthy older adults who then progressed to
develop AD and those who did not develop AD. [11]. After
7.7 years, it was found that having insomnia at baseline was
associated with an increased risk of developing AD [11].
Similarly, Yaffe et al. examined the association between
sleep-disorder breathing, a condition which significantly
lowers sleep quality in elderly women [12]. Women with
sleep-disordered breathing were 31.1% more likely to
develop mild cognitive impairment (MCI), a predormal
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stage of AD 44.8% more likely to develop dementia [12].
These studies demonstrate that sleep disorders like
insomnia and sleep-disordered breathing increases the
likelihood of cognitive decline and dementia.

Additionally, a similar relationship has been observed
between sleep duration and dementia. Sabia et al. explored
the association between sleep duration in middle and older
age and the incidence of cognitive impairment [13]. After
25 years, there was an increased risk of developing
dementia in older adults ages 50-60 years old who slept six
hours or less compared to the those who had seven hours of
sleep [13]. Furthermore, older adults between 50 to 70 at
baseline who were identified as “persistent short sleepers”
had a 30% risk of developing dementia, which was not
associated with behavioural or cardiometabolic factors.
This recent study provides preliminary evidence that short
sleep duration in middle adulthood may increase the risk of
dementia later in life.

Interestingly, there may be an inverted U-shape
relationship between sleep duration and cognitive decline.
In a pooled cohort study, Ma et al. found that individuals
who self-reported their sleep to be less than four hours or
greater than 10 hours per night had faster rates of cognitive
decline than those who reported seven hours of sleep per
night [14]. Similar results have been found when looking at
the amount of time in bed (TIB). Bokenberger et al.
classified participants into three groups: those with short
TIB (less than six hours), extended TIB (more than nine
hours), and an intermediate reference group (7 hours per
night) [15]. At baseline, it was found that those with longer
TIB had lower cognitive functioning. After 17 years,
participants with short or extended TIB had higher
incidences of dementia. Researchers suggested that a longer
TIB could be a prodromal feature of AD as it was
associated with poorer cognition at baseline and at follow
up. In contrast, shorter TIB may be a risk factor for
developing cognitive impairment [15]. In summary, much
longitudinal research has suggested that short sleep duration
and lower sleep quality may lead to an increased risk of AD
development.

Cross-Sectional Studies

Over the last decade, many cross-sectional studies have
examined the relationships between cognitive decline, AD,
and sleep. For example, using objective measures of sleep,
Blackwell et al. found that poor sleep quality was
associated with impaired global cognition and executive
functioning in elderly women [16]. Furthermore, Miller et
al. found similar results when looking at memory'’. Using
data from the English Longitudinal Study of Aging., Miller
et al. separated participants into two groups: a younger
group (aged 50-64) and an older group (ages 65+ years).
Sleep and cognitive functions (categorized as amnestic and
non-amnestic cognitive functions) were examined [17]. In
the older group there was a greater association between
sleep quality and amnestic cognitive functions compared to
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the younger group, where older adults had significantly
worse amnestic cognitive functions with poor sleep. These
results suggest the relationship between sleep disturbances
and cognitive function increases with age [17].
Additionally, there was evidence of the inverted U-shape
relationship between sleep duration and cognition in the
younger age group, as both short (less than 6 hours) and
long (more than 8 hours) and long sleep durations were
associated with poorer cognition.

Moreover, the prevalence of sleep disturbance may be
higher in people with mild cognitive impairment. 431
Individuals with MCI were enrolled in 10 different
neurological centres for dementia, and interviews were
conducted with these individuals in order to investigate
their sleep quality. Over 60% of people said that they had
one or more sleep disturbances per night. Similar to the
previous, this supports that sleep disturbances are frequent
in  people with  cognitive impairment or dementia,
suggesting a relationship between the two [18]. These
results are further supported by a recent systematic review
and meta-analysis looking at sleep disturbances in care
home residents with dementia. This systematic review
found that out the 20% of participants who had been
diagnosed with dementia, 70% of them also had disturbed
sleep [19]. Overall, some cross-sectional studies propose
that poor sleep quality and longer sleeping times may be
associated with AD.

Possible Mechanisms — Amyloid Beta and Tau

Cross sectional and longitudinal study propose an
association between sleep, cognitive impairment, and AD.
The mechanisms underlying this association may be related
to the two hallmarks of AD pathology: the accumulation of
amyloid-beta (AP) in the brain and the degree of
phosphorylation of the tau proteins within neurons [20].

AB is a large membrane protein that normally plays an
essential role in neural growth and repair. AP peptides are
cleaved off by the larger precursors, consequently forming
neurotoxic insoluble plaques [20]. According to the AP
cascade hypothesis, these AP plaques trigger a series of
processes that initiate AD pathogenesis, such as toxic
accumulations triggering neurodegeneration [21]. However,
once A starts to accumulate, AD progression may continue
independently to the amount AP accumulated. New
imaging technologies such as AP imaging agents may be
used; however, these tools are not able to distinguish
pathological from non-pathological forms of Af [20].

Sleep serves as an important biological mechanism
during which the brain is able to clear the A produced
throughout the day [22]. Studies have found that one night
of unrestricted sleep resulted in a 6% decrease of AP
amounts, while complete sleep deprivation achieved the
opposite. These results are further supported by Chen et al.,
in which samples of cerebrospinal fluid (CSF) were taken
to determine the levels of AP in individuals with chronic
insomnia [23]. CSF-AP levels were significantly higher in
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individuals with chronic insomnia when compared to
healthy controls [23]. Additionally, rest-activity rhythm
fragmentation is linked to preclinical AD depending on
certain factors such as age and sex. It was concluded that
aging was associated with circadian dysfunction that was
unrelated to AD pathology, but only in men. There is a
presence of abnormalities in the circadian rhythm at the
preclinical phases of individuals with AD which suggests
that it could serve as a biomarker for the disease [23].

The second critical hallmark of AD s
hyperphosphorylated tau proteins. Typically, tau proteins
are abundant in nerve cells and glial cells, including
oligodendrocytes and astrocytes [24]. Tau protein’s primary
functions are to stabilize neuronal microtubules under
normal  physiological conditions [25].  Increased
phosphorylation of tau proteins results in helical tangles,
also known as neurofibrillary tangles. The accumulation of
misfolded hyperphosphorylated tau protein has been linked
to neuronal loss, although it is unclear how this related to
neuronal degeneration. Early in the development of AD, tau
protein accumulation begins in certain parts of the brain
such as the hippocampus, a region critical for learning and
memory, potentially contributing to cognitive impairment
[26].

Animal models conducted by Di Meco et al. and
Rothman et al. revealed evidence that changes in the
sleeping cycle may increase levels of hyperphosphorylated
tau protein accumulation in the brain [27-29]. Di Meco et
al. found that after a night of sleep deprivation, there was a
significant increase of about 17% of tau levels in the blood
[27]. Moreover, evidence in animal models suggest that
after a couple of months of restricted sleep, there is about a
50% increase of insoluble tau in the brain [30] [27].This
suggests that insoluble tau proteins form following periods
of restricted sleep durations which affect cognitive
function. These mechanisms of AP deposition and tau
protein accumulation indicate that restricted or disrupted
sleep may have an effect on AD pathogenesis [7].

Discussion

When examining the relationship between sleep and
AD, the research suggests the two are interconnected. From
the aforementioned results, longitudinal research has
suggested that short sleep duration and lower sleep quality
may lead to an increased risk of AD. Whereas, recently
conducted cross-sectional studies have proposed that poor
sleep quality as well as long TIB may be associated with
AD. However, it remains unclear the true nature of this
relationship; does disrupted sleep cause AD to develop, or
does AD pathogenesis result in sleep disturbance? The
answer is likely both, where a bi-directional relationship
between sleep and AD may exist.

There are several mechanisms by which poor sleep
would contribute to an accumulation of A in the brain and
increased phosphorylation of tau. The deposition of soluble
AP is a normal result of synaptic activity [31]. During
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wakefulness, there is constant neuronal activity which
increases AP between neurons [32,33], but during sleep,
changes in CSF dynamics clear out AP [34]. However,
following sleep deprivation, we do not see this clearance of
AB; a potential consequences of this may be the
accumulation of AP and which progressively become
insoluble plaques [35-37]. This imbalance between the
deposition and removal of Af is a plausible mechanism as
to why insufficient sleep is associated with excessive of A
deposition in the brain [9,38]. Similarly with tau, there are
significant increases in tau proteins ollowing one night of
sleep deprivation or chronic sleep restriction [27,28].
Additionally, poor sleep alters tau proteins through
hyperphosphorylation and truncation, resulting in the
formation of toxic neurofibrillary tangles and contributing
to AD pathology [7].

Studies have provided crucial advancement on the
mechanisms of sleep and cognitive decline outlining an
intriguing bidirectional relationship between sleep and Ap.
Conversely, a relationship can be observed between AP and
its effect on sleep. In healthy older adults, Ap accumulation
has been shown to disrupt slow wave sleep, which is a
phase of sleep where AP clearance occurs [22,39].
Additionally, accumulated AP could lead to synapse loss,
hypometabolism, and synaptic disconnection further
impairing sleep [40]. However, further research is needed
in order to completely understand the mechanisms
associated with AD development, which will also help to
explore potential preventative interventions. As Strooper
and Karran proposed, AD is a complex disorder consisting
of fluctuating and unpredictable responses [41].Overall, the
research suggests that disrupted sleep increases the
likelihood of AP accumulation and the development of AD,
and conversely, AD-related AB may further disrupt sleep.

Rodent studies have been used to understand how the
brain clears metabolic waste. During sleep, CSF is able to
diffuse deep into the brain and mix with interstitial fluid,
removing the waste products including AP [22]. As sleep
time augments, the lymphatic system's actions of clearing
AP and from the brain increases compared to when ones
awake [22]. When a person lacks sleep, there is an
accumulation of AB which in turn, is not cleared out the
brain because this mechanism naturally occurs during sleep.
This suggests that lack of sleep may increase in AB, as one
of the functions of sleep is to clear metabolic waste from
the brain. This may also be true for tau as the brain’s
lymphatic system has also been proven to contribute to the
clearance of tau protein, based off rat trials [42]. It is also
likely that misfolded hyperphosphorylated tau protein leads
to neuron loss which could also affect sleep. It has been
shown that people with dementia are awake for longer
periods of time and often stay awake during the night [43].
In a report by McCullough et al., older healthy people were
determined to have increased levels of tau tangles as
measured by positron emission tomography scans and were
reported to have less slow-wave and deep sleep [44].
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Over time, the increased amount of soluble A would
accumulate and form soluble and insoluble plaques in the
brain regions which are the most active, while the
formation of hyperphosphorylated tau protein interferes
with the normal function of the brain [20]. The insoluble
plaques are toxic to the brain, potentially leading to
cognitive decline. The accumulation of AB and
hyperphosphorylation of tau protein could therefore affect
sleep quality and quantity, while in the same way could
contribute to AD development. On the other hand, a
relationship could also be observed between how AD can
interfere with both sleep quality and quantity, suggesting a
bi-directional relationship between the two factors.

Conclusions

Although there is promising evidence for the bi-
directional role of sleep and AD pathology, there are
several limitations to the evidence discussed here. First,
many studies are dependent on the use of self-reported
measures of sleep. Although this is a convenient measure of
sleep, these self-report measures do not have high
agreement with more objective measures of sleep,
suggesting these may capture different aspects of sleep
[45]. Increasing the use of objective measures for sleep
such as laboratory-based polysomnography, would provide
more accurate and reliable results.

Although there have been significant advancements in
the technologies used to track AD pathology in humans,
these tools often invasive and expensive. Additionally, they
are not able to differentiate between the pathological A,
and other forms of AP associated with normal aging,
making it challenging to draw definitive conclusions. It is
also difficult to identify adults with AD in the preclinical
stages or when the pathology first appears, as identifying
AD biomarkers is still an ongoing investigation [46].
Evidence suggests there are decades between the onset of
AD pathology and the presence of cognitive symptoms
[20]. Given the delay between the AD pathology and
symptoms, as well as the lack of clear biomarkers,
longitudinal study designs starting before the onset of AD
pathology would be advantageous for studying
neurodegenerative diseases like AD.

In conclusion, this narrative review compiles evidence
from recent studies that suggest a relationship between
sleep and AD, whereby poor sleep may contribute to the
development of AD, and conversely, AD pathology may
further disrupted sleep. The mechanisms for this bi-
directional relationship could be related to A plaques and
tau neurofibrillary tangles, both of which are markers of
AD and are associated with disrupted sleep. Furthermore,
since AD is a complex and multifactorial disorder, other
proteins may contribute to its pathogenesis [47]. Future
research should continue to focus on the role of A and tau,
and also consider the various contributing factors of AD
pathogenesis and progression.

Page 4 of 8


https://www.urncst.com/
https://doi.org/10.26685/urncst.334

UNDERGRADUATE RESEARCH IN NATURAL AND CLINICAL SCIENCE AND TECHNOLOGY (URNCST) JOURNAL
Read more URNCST Journal articles and submit your own today at: https://www.urncst.com

List of Abbreviations Used
AD: Alzheimer’s disease

AB: beta-amyloid

MCI: mild cognitive impairment
TIB: time in bed

CSF: cerebrospinal fluid

Conflicts of Interest
The authors declare that they have no conflict of interests

Ethics Approval and/or Participant Consent
This study did not require ethics approval and/or participant
consent as it is a review.

Authors' Contributions

SG: made substantial contributions to the conception and
design of the work and drafting the manuscript and revising
it critically for important intellectual content. They also
gave their final approval of the version to be published.

GR: made substantial contributions to the conception and
design of the work and drafting the manuscript and revising
it critically for important intellectual content. They also
gave their final approval of the version to be published.

Acknowledgements

The authors would like to convey their sincere appreciation
to Tara Kuhn for her continuous assistance, guidance, and
feedback.

Funding
This study was not funded.

References

[1] Chow S, Chow R, Wan A, Lam HR, Taylor K, Bonin
K, Rowbottom L, Lam H, DeAngelis C, Herrmann N.
National dementia strategies: What should Canada
learn? Canadian Geriatrics Journal. 2018 Jun
1;21(2):173. https://doi.org/10.5770/cgj.21.299

[2] Albert MS, DeKosky ST, Dickson D, Dubois B,
Feldman HH, Fox NC, Gamst A, Holtzman DM, Jagust
WJ, Petersen RC, Snyder PJ, Carrillo MC, Thies B,
Phelps CH. The diagnosis of mild cognitive
impairment due to Alzheimer’s disease: From the
National Institute Aging-Alzheimer’s Association
workgroups on diagnostic guidelines for Alzheimer’s
disease. Alzheimer’s and Dementia. 2011;7(3):270-9.
https://doi.org/10.1016/j.jalz.2011.03.008

[3] Hebert LE, Weuve J, Scherr PA, Evans DA. Alzheimer
disease in the United States (2010-2050) estimated
using the 2010 census. Neurology. 2013 May 7;80(19):
1778. https://doi.org/10.1212/WNL.0b013e318287265

[4] ChangF, Patel T, Schulz ME. The “rising tide” of
dementia in Canada: What does it mean for pharmacists
and the people they care for? Canadian Pharmacists
Journal. 2015 Jul 25;148(4):193. Available from:
https://academic.oup.com/sleep/article/36/7/1027/2453864

Gobraeil et al. | URNCST Journal (2022): Volume 6, Issue 3

DOI Link: https://doi.org/10.26685/urncst.334

[5] Kang DW, Lee CU, Lim HK. Role of sleep disturbance
in the trajectory of Alzheimer’s. Clinical
Psychopharmacology and Neuroscience. 2017;15(2):89.
https://doi.org/10.9758/cpn.2017.15.2.89

[6] Colten HR, Altevogt BM. Extent and health
consequences of chronic sleep loss and sleep disorders
extent and health consequences of chronic sleep loss
and sleep disorders. National Academies Press (US);
2006.

[7] Lucey BP. It’s complicated: The relationship between
sleep and Alzheimer’s disease in humans. Academic
Press Inc.; 2020.

[8] Ju YES, Lucey BP, Holtzman DM. Sleep and
Alzheimer disease pathology - A bidirectional
relationship. Nature Reviews Neurology. 2014;115—
119. Available from: https://www.nature.com/articles/
nrneurol.2013.269

[9] Ju YES, McLeland JS, Toedebusch CD, Xiong C,
Fagan AM, Duntley SP, Morris JC, Holtzman DM.
Sleep quality and preclinical Alzheimer disease. JAMA
Neurology. 2013 May 1;70(5):587-93. Available from:
https://doi.org/10.1001/jamaneurol.2013.2334

[10]Lim ASP, Kowgier M, Yu L, Buchman AS, Bennett
DA. Sleep fragmentation and the risk of incident
Alzheimer’s disease and cognitive decline in older
persons. Sleep. 2013 Jul 1;36(7):1027. Available from:
https://pmc/articles/PMC3669060/

[11] Osorio RS, Pirraglia E, Aguera-Ortiz LF, During EH,
Sacks H, Ayappa I, Walsleben J, Mooney A, Hussain
A, Glodzik L, Frangione B, Martinez-Martin P, De
Leon MJ. Greater risk of Alzheimer’s disease in older
adults with insomnia. Journal of the American
Geriatrics Society. 2011 Mar;59(3):559. https://doi.org/
10.1111/j.1532-5415.2010.03288.x

[12] Yaffe K, Laffan AM, Harrison SL, Redline S, Spira
AP, Ensrud KE, Ancoli-Israel S, Stone KL. Sleep-
disordered breathing, hypoxia, and risk of mild
cognitive impairment and dementia in older women.
Journal of the American Medical Association. 2011
Aug 10;306(6):613-9. Available from:
https://pubmed.ncbi.nlm.nih.gov/21828324/

[13] Sabia S, Fayosse A, Dumurgier J, van Hees VT, Paquet
C, Sommerlad A, Kiviméki M, Dugravot A, Singh-
Manoux A. Association of sleep duration in middle and
old age with incidence of dementia. Nature
Communications. 2021 Apr 20;12(1):1-10. Available
from: https://www.nature.com/articles/s41467-021-22354-2

[14]Ma Y, Liang L, Zheng F, Shi L, Zhong B, Xie W.
Association between sleep duration and cognitive
decline. JAMA Network Open. 2020 Sep
1;3(9):2013573-e2013573. Available from:
https://jamanetwork.com/journals/jamanetworkopen/fu
llarticle/2770743

Page 5 of 8


https://www.urncst.com/
https://doi.org/10.26685/urncst.334
https://doi.org/10.5770/cgj.21.299
https://doi.org/10.1016/j.jalz.2011.03.008
https://doi.org/10.1212/WNL.0b013e31828726f5
https://academic.oup.com/sleep/article/36/7/1027/2453864
https://doi.org/10.9758/cpn.2017.15.2.89
https://www.nature.com/articles/nrneurol.2013.269
https://www.nature.com/articles/nrneurol.2013.269
https://doi.org/10.1001/jamaneurol.2013.2334
https://pmc/articles/PMC3669060/
https://doi.org/10.1111/j.1532-5415.2010.03288.x
https://doi.org/10.1111/j.1532-5415.2010.03288.x
https://pubmed.ncbi.nlm.nih.gov/21828324/
https://www.nature.com/articles/s41467-021-22354-2
https://jamanetwork.com/journals/jamanetworkopen/fullarticle/2770743
https://jamanetwork.com/journals/jamanetworkopen/fullarticle/2770743

UNDERGRADUATE RESEARCH IN NATURAL AND CLINICAL SCIENCE AND TECHNOLOGY (URNCST) JOURNAL
Read more URNCST Journal articles and submit your own today at: https://www.urncst.com

[15] Bokenberger K, Strém P, Aslan AKD, Johansson
ALV, Gatz M, Pedersen NL, Akerstedt T. Association
between sleep characteristics and incident dementia
accounting for baseline cognitive status: A prospective
population-based study. The Journals of Gerontology:
Series A. 2017 Jan 1;72(1):134-9. Available from:
https://academic.oup.com/biomedgerontology/article/7
2/1/134/2629946

[16] Blackwell T, Yaffe K, Ancoli-Israel S, Schneider JL,
Cauley JA, Hillier TA, Fink HA Stone KL. Poor sleep
is associated with impaired cognitive function in older
women: The study of osteoporotic fractures. The
Journals of Gerontology: Series A. 2006 Apr 1;61(4):
405-10. Available from: https://academic.oup.com/
biomedgerontology/article/61/4/405/607545

[17] Miller MA, Wright H, Ji C, Cappuccio FP. Cross-
sectional study of sleep quantity and quality and
amnestic and non-amnestic cognitive function in an
ageing population: The English longitudinal study of
ageing (ELSA). Public Library of Science One. 2014
Jun 26;9(6). Available from: https://pubmed.ncbi.nlm
.nih.gov/24968354/

[18] Guarnieri B, Adorni F, Musicco M, Appollonio I,
Bonanni E, Caffarra P, Caltagirone C, Cerroni G,
Concari L, Cosentino FlI, Ferrara S, Fermi S, Ferri R,
Gelosa G, Lombardi G, Mazzei D, Mearelli S, Morrone
E, Murri L, Nobili FM, Passero S, Perri R, Rocchi R,
Sucapane P, Tognoni G, Zabberoni S, Sorbi S.
Prevalence of sleep disturbances in mild cognitive
impairment and dementing disorders: A multicenter
Italian clinical cross-sectional study on 431 patients.
Dementia and Geriatric Cognitive Disorders. 2012
Mar;33(1):50-8. Available from: https://pubmed.ncbi
.nIm.nih.gov/22415141/

[19] Webster L, Gonzalez SC, Stringer A, Lineham A,
Budgett J, Kyle S, Barber J, Livingston G. Measuring
the prevalence of sleep disturbances in people with
dementia living in care homes: A systematic review
and meta-analysis. Sleep. 2020 Apr 15;43(4):1-14.
Available from: https://academic.oup.com/sleep/article/
43/4/z52251/5601416

[20] Murphy MP, Levine H. Alzheimer’s disease and the -
amyloid peptide. Journal of Alzheimer’s Disease .
2010;19(1):311. https://doi.org/10.3233/JAD-2010-1221

[21]Dong S, Duan Y, Hu Y, Zhao Z. Advances in the
pathogenesis of Alzheimer’s disease: A re-evaluation
of amyloid cascade hypothesis. Translational
Neurodegeneration. 2012 Sep 21;1(1):1-12. Available
from:
https://translationalneurodegeneration.biomedcentral.com/
articles/10.1186/2047-9158-1-18

Gobraeil et al. | URNCST Journal (2022): Volume 6, Issue 3

DOI Link: https://doi.org/10.26685/urncst.334

[22] Xie L, Kang H, Xu Q, Chen MJ, Liao Y, Thiyagarajan
M, O’Donnell J, Christensen DJ, Nicholson C, Iliff JJ,
Takano T, Deane R, Nedergaard M. Sleep drives
metabolite clearance from the adult brain. Science.
2013;342(6156):373-7. Available from:
https://pubmed.ncbi.nlm.nih.gov/24136970/

[23] Chen DW, Wang J, Zhang LL, Wang YJ, Gao CY.
Cerebrospinal fluid amyloid-p levels are increased in
patients with insomnia. Journal of Alzheimer’s disease.
2018;61(2):645-51. Available from: https://pubmed
.ncbi.nlm.nih.qov/29278891/

[24] Mandelkow EM, Mandelkow E. Biochemistry and cell
biology of tau protein in neurofibrillary degeneration.
Cold Spring Harbor Perspectives in Medicine. 2012
Oct;2(7):1-25. Available from: https://pubmed.ncbi
.nIm.nih.gov/22762014/

[25] Avila J, Lucas JJ, Pérez M, Hernandez F. Role of tau
protein in both physiological and pathological
conditions. Physiological reviews. 2004 Apr;84(2):
361-84. Available from: https://pubmed.ncbi.nlm.nih
.0ov/15044677/

[26] Pereira JB, Janelidze S, Ossenkoppele R, Kvartsherg
H, Brinkmalm A, Mattsson-Carlgren N, Stomrud E,
Smith R, Zetterberg H, Blennow K, Hansson O.
Untangling the association of amyloid-p and tau with
synaptic and axonal loss in Alzheimer’s disease. Brain.
2021 Feb 12;144(1):310-24. Available from:
https://academic.oup.com/brain/article/144/1/310/6024803

[27] Di Meco A, Joshi YB, Pratico D. Sleep deprivation
impairs memory, tau metabolism, and synaptic
integrity of a mouse model of Alzheimer’s disease with
plaques and tangles. Neurobiology of Ging.
2014;35(8):1813-20. Available from: https://pubmed
.ncbi.nlm.nih.qov/24629673/

[28] Rothman SM, Herdener N, Frankola KA, Mughal MR,
Mattson MP. Chronic mild sleep restriction accentuates
contextual memory impairments, and accumulations of
cortical AP and pTau in a mouse model of Alzheimer’s
disease. Brain Research. 2013 Sep 5;1529:200-8.
Available from: https://pubmed.ncbi.nlm.nih.gov/
23856323/

[29] Ahmadian N, Hejazi S, Mahmoudi J, Talebi M. Tau
pathology of Alzheimer disease: Possible role of sleep
deprivation. Basic and Clinical Neuroscience. 2018
Sep 1;9(5):307. https://doi.org/10.32598/bcn.9.5.307

[30] Nunomura A, Perry G, Aliev G, Hirai K, Takeda A,
Balraj EK, Jones PK, Ghanbari H, Wataya T,
Shimohama S, Chiba S, Atwood CS, Petersen RB,
Smith MA. Oxidative damage is the earliest event in
Alzheimer disease. Journal of Neuropathology and
Experimental Neurology. 2001;60(8):759-67.
Available from: https://pubmed.ncbi.nlm.nih.gov/
11487050/

Page 6 of 8


https://www.urncst.com/
https://doi.org/10.26685/urncst.334
https://academic.oup.com/biomedgerontology/article/72/1/134/2629946
https://academic.oup.com/biomedgerontology/article/72/1/134/2629946
https://academic.oup.com/biomedgerontology/article/61/4/405/607545
https://academic.oup.com/biomedgerontology/article/61/4/405/607545
https://pubmed.ncbi.nlm.nih.gov/24968354/
https://pubmed.ncbi.nlm.nih.gov/24968354/
https://pubmed.ncbi.nlm.nih.gov/22415141/
https://pubmed.ncbi.nlm.nih.gov/22415141/
https://academic.oup.com/sleep/article/43/4/zsz251/5601416
https://academic.oup.com/sleep/article/43/4/zsz251/5601416
https://doi.org/10.3233/JAD-2010-1221
https://translationalneurodegeneration.biomedcentral.com/articles/10.1186/2047-9158-1-18
https://translationalneurodegeneration.biomedcentral.com/articles/10.1186/2047-9158-1-18
https://pubmed.ncbi.nlm.nih.gov/24136970/
https://pubmed.ncbi.nlm.nih.gov/29278891/
https://pubmed.ncbi.nlm.nih.gov/29278891/
https://pubmed.ncbi.nlm.nih.gov/22762014/
https://pubmed.ncbi.nlm.nih.gov/22762014/
https://pubmed.ncbi.nlm.nih.gov/15044677/
https://pubmed.ncbi.nlm.nih.gov/15044677/
https://academic.oup.com/brain/article/144/1/310/6024803
https://pubmed.ncbi.nlm.nih.gov/24629673/
https://pubmed.ncbi.nlm.nih.gov/24629673/
https://pubmed.ncbi.nlm.nih.gov/23856323/
https://pubmed.ncbi.nlm.nih.gov/23856323/
https://doi.org/10.32598/bcn.9.5.307
https://pubmed.ncbi.nlm.nih.gov/11487050/
https://pubmed.ncbi.nlm.nih.gov/11487050/

UNDERGRADUATE RESEARCH IN NATURAL AND CLINICAL SCIENCE AND TECHNOLOGY (URNCST) JOURNAL
Read more URNCST Journal articles and submit your own today at: https://www.urncst.com

[31] Parihar MS, Brewer GJ. Amyloid beta as a modulator
of synaptic plasticity. Journal of Alzheimer’s Disease.
2010;22(3):741. https://doi.org/10.3233/JAD-2010-101020

[32] Li X, Uemura K, Hashimoto T, Nasser-Ghodsi N,
Arimon M, Lill CM, Palazzolo I, Krainc D, Hyman
BT, Berezovska O. Neuronal activity and secreted
amyloid f lead to altered amyloid  precursor protein
and presenilin 1 interactions. Neurobiology of disease.
2013 Feb;50(1):127. https://doi.org/10.1016/j.nbd.2012
.10.002

[33] Vyazovskiy V V., Olcese U, Cirelli C, Tononi G.
Prolonged wakefulness alters neuronal responsiveness
to local electrical stimulation of the neocortex in awake
rats. Journal of Sleep Research. 2013;22(3):264.
https://doi.org/10.1111/jsr.12009

[34] Mendelsohn AR, Larrick JW. Sleep facilitates
clearance of metabolites from the brain: Glymphatic
function in aging and neurodegenerative diseases.
Rejuvenation Research. 2013 Dec 16;16(6):518-23.
https://doi.org/10.1089/rej.2013.1530

[35]Ju YES, Ooms SJ, Sutphen C, Macauley SL, Zangrilli
MA, Jerome G, Fagan AM, Mignot E, Zempel JM,
Claassen JAHR, Holtzman DM. Slow wave sleep
disruption increases cerebrospinal fluid amyloid-f
levels. Brain. 2017 Aug 1;140(8):2104-11. Available
from: https://academic.oup.com/brain/article/140/8/
2104/3933862

[36]Ooms S, Overeem S, Besse K, Rikkert MO, Verbeek
M, Claassen JAHR. Effect of 1 night of total sleep
deprivation on cerebrospinal fluid f-amyloid 42 in
healthy middle-aged men: A randomized clinical trial.
JAMA neurology. 2014;71(8):971-7. Available from:
https://pubmed.ncbi.nlm.nih.qgov/24887018/

[37] Shokri-Kojori E, Wang GJ, Wiers CE, Demiral SB,
Guo M, Kim SW, Lindgren E, Ramirez V, Zehra A,
Freeman C, Miller G, Manza P, Srivastava T, De Santi
S, Tomasi D, Benveniste H, Volkow ND. B-Amyloid
accumulation in the human brain after one night of
sleep deprivation. Proceedings of the National
Academy of Sciences of the United States of America.
2018 Apr 24;115(17):4483-8. Available from:
https://www.pnas.org/content/115/17/4483

[38] Tworoger SS, Lee S, Schernhammer ES, Grodstein F.
The association of self-reported sleep duration,
difficulty sleeping, and snoring with cognitive function
in older women. Alzheimer Disease and Associated
Disorders. 2006 Jan;20(1):41-8. Available from:
https://pubmed.ncbi.nlm.nih.gov/16493235/

Gobraeil et al. | URNCST Journal (2022): Volume 6, Issue 3

DOI Link: https://doi.org/10.26685/urncst.334

[39] Mander BA, Marks SM, Vogel JW, Rao V, Lu B,
Saletin JM, Ancoli-Israel S, Jagust W], Walker MP. [3-
amyloid disrupts human NREM slow waves and
related hippocampus-dependent memory consolidation.
Nature Neuroscience. 2015 Jun 1;18(7):1051-7.
Auvailable from: https://www.nature.com/articles/nn.4035

[40] Spires-Jones TL, Hyman BT. The intersection of
amyloid beta and tau at synapses in Alzheimer’s
disease. Neuron. 2014 May 21;82(4):756.
https://www.doi.org/10.1016/j.neuron.2014.05.004

[41] De Strooper B, Karran E. The cellular phase of
Alzheimer’s disease. Cell. 2016 Feb 11;164(4):603-15.
Available from: https://pubmed.ncbi.nlm.nih.gov/
26871627/

[42] Haigh CL. The lymphatic route of TAU. Science
Translational Medicine. 2019 Mar 13;11(483).
https://www.doi.org/10.1126/scitransImed.aax0769

[43] Mahmoudi J, Ahmadian N, Farajdokht F, Majdi A,
Erfani M. A protocol for conventional sleep
deprivation methods in rats. Journal of Experimental
Clinical NeuroSciences. 2017;4(1):1-4. Available
from: http://www.jecns.com/JECNS/article/view/61

[44] Lucey BP, McCullough A, Landsness EC, Toedebusch
CD, McLeland JS, Zaza AM, Fagtoe L, Xiong C,
Morris JC, Benzinger TLS, Holtzman DM. Reduced
non-rapid eye movement sleep is associated with tau
pathology in early Alzheimer’s disease. Science
translational medicine. 2019 Jan 9;11(474). Available
from: https://pubmed.ncbi.nIm.nih.gov/30626715/

[45] Aili K, Astrém-Paulsson S, Stoetzer U, Svartengren M,
Hillert L. Reliability of actigraphy and subjective sleep
measurements in adults: The design of sleep
assessments. Journal of Clinical Sleep Medicine.
2017;13(1):39. http://www.doi.org/10.5664/jcsm.6384

[46] Toledo JB, Shaw LM, Trojanowski JQ. Plasma
amyloid beta measurements - A desired but elusive
Alzheimer’s disease biomarker. Alzheimer’s Research
and Therapy. 2013 Mar 8;5(2):1-10. Available from:
https://alzres.biomedcentral.com/articles/10.1186/alzrt
162

[47] Carreiras M, Mendes E, Perry M, Francisco A, Marco-
Contelles J. The multifactorial nature of Alzheimer’s
disease for developing potential therapeutics. Current
topics in Medicinal Chemistry. 2013 Mar
13;13(15):1745-70. Available from: https://pubmed
.nchi.nlm.nih.gov/23931435/

Page 7 of 8


https://www.urncst.com/
https://doi.org/10.26685/urncst.334
https://doi.org/10.3233/JAD-2010-101020
https://doi.org/10.1016/j.nbd.2012.10.002
https://doi.org/10.1016/j.nbd.2012.10.002
https://doi.org/10.1111/jsr.12009
https://doi.org/10.1089/rej.2013.1530
https://academic.oup.com/brain/article/140/8/2104/3933862
https://academic.oup.com/brain/article/140/8/2104/3933862
https://pubmed.ncbi.nlm.nih.gov/24887018/
https://www.pnas.org/content/115/17/4483
https://pubmed.ncbi.nlm.nih.gov/16493235/
https://www.nature.com/articles/nn.4035
https://www.doi.org/10.1016/j.neuron.2014.05.004
https://pubmed.ncbi.nlm.nih.gov/26871627/
https://pubmed.ncbi.nlm.nih.gov/26871627/
https://www.doi.org/10.1126/scitranslmed.aax0769
http://www.jecns.com/JECNS/article/view/61
https://pubmed.ncbi.nlm.nih.gov/30626715/
http://www.doi.org/10.5664/jcsm.6384
https://alzres.biomedcentral.com/articles/10.1186/alzrt162
https://alzres.biomedcentral.com/articles/10.1186/alzrt162
https://pubmed.ncbi.nlm.nih.gov/23931435/
https://pubmed.ncbi.nlm.nih.gov/23931435/

UNDERGRADUATE RESEARCH IN NATURAL AND CLINICAL SCIENCE AND TECHNOLOGY (URNCST) JOURNAL
Read more URNCST Journal articles and submit your own today at: https://www.urncst.com

Avrticle Information

Managing Editor: Jeremy Y. Ng

Peer Reviewers: Tara Kuhn, Ricky Chow

Article Dates: Received Dec 02 21; Accepted Mar 01 22; Published Mar 25 22

Citation

Please cite this article as follows:

Gobraeil S, Rizq G. What is the relationship between sleep and Alzheimer’s disease? A narrative review. URNCST Journal.
2022 Mar 25: 6(3). https://urncst.com/index.php/urncst/article/view/334

DOI Link: https://doi.org/10.26685/urncst.334

Copyright

© Samuel Gobraeil, Gina Rizg. (2022). Published first in the Undergraduate Research in Natural and Clinical Science and
Technology (URNCST) Journal. This is an open access article distributed under the terms of the Creative Commons
Attribution License (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and
reproduction in any medium, provided the original work, first published in the Undergraduate Research in Natural and
Clinical Science and Technology (URNCST) Journal, is properly cited. The complete bibliographic information, a link to the
original publication on http://www.urncst.com, as well as this copyright and license information must be included.

URNCST Journal ~ "g5eg Y the C dm
*Research in Earnest” of Canada ana a

Do you research in earnest? Submit your next undergraduate research article to the URNCST Journal!
| Open Access | Peer-Reviewed | Rapid Turnaround Time | International |
| Broad and Multidisciplinary | Indexed | Innovative | Social Media Promoted |
Pre-submission inquiries? Send us an email at info@urncst.com | Facebook, Twitter and LinkedIn: @URNCST
Submit YOUR manuscript today at https://www.urncst.com!

Gobraeil et al. | URNCST Journal (2022): Volume 6, Issue 3 Page 8 of 8
DOI Link: https://doi.org/10.26685/urncst.334



https://www.urncst.com/
https://doi.org/10.26685/urncst.334
https://urncst.com/index.php/urncst/article/view/334
https://doi.org/10.26685/urncst.334
https://creativecommons.org/licenses/by/4.0/
http://www.urncst.com/
mailto:info@urncst.com
https://www.facebook.com/urncst
https://twitter.com/urncst
https://www.linkedin.com/company/urncst
https://www.urncst.com/

