BA

SI

E DI

E XPE

M

RI

M

L AND
TA

C

EN

SC
CE

S

N
R

Journal of Experimental and Basic Medical Sciences 2022;3(2):173-178

IE

2019

N

AL

OF

C AL

JEBMS

JO

U

Review

Alzheimer's Disease Pathology and Sleep Quality
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Dementia is the progressive and irreversible loss
of mental function, especially memory.[1,2] Cognitive
decline is closely related to mood changes that lead
to a complete loss of personality. It mainly occurs
in elderly patients, and Alzheimer’s disease (AD)
appears in its advanced phases.[3] In 1907, German
neurologist Aloysius Alzheimer discovered AD while
examining his 51-year-old woman patient, Auguste
Deter, who had suffered from memory loss, language
and disorientation, and hallucinations. The term
“Alzheimer” was first used by Emil Kraepelin.[4,5]
The clinical symptoms of Alzheimer’s disease:[6-9]
Stage 1: It is the initial stage of the disease and
cognitive weakness begins in the patients.
Stage 2 (very mild cognitive weakness): Patients
start losing stuff and forgetting where they are.
There is no decrease in communication abilities at
this stage.
Stage 3 (mild cognitive weakness): Patients have
difficulty in choosing words and forming sentences
during speech. The planning skills of the patients’ are
decreased.
Stage 4 (moderate cognitive weakness): The patient
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ABSTRACT
Alzheimer's disease (AD), which is an advanced dementia
progression, is one of the neurodegenerative disorders
that result from the accumulation of amyloid plaques and
neurofibrillary tangles in the brain. There are several risk
factors that can be caused by AD such as genetic and
epigenetic factors. Apart from this, factors such as aging,
stress, and sleep disturbance are closely associated with
AD. The biological clock also called the circadian rhythm,
optimizes the day-night cycle so that living things adapt
to their basic needs such as nutrition, sleep, and fertility,
as well as external factors such as heat and light from
the environment. Disturbances in the circadian rhythm,
associated with the melanin hormone, trigger sleep disorders,
obesity, cardiovascular diseases, and neurodegenerative
disorders. In this review, sleep disorders caused by circadian
rhythm disturbance and the relationship between sleep and
AD were discussed.
Keywords: Aging, Alzheimer's disease, amyloid precursor protein,
circadian rhythm, sleep, stress

begins to be unable to recall relevant memories in
his/her personal history. Disruptions begin to occur
in the social lives of patients, they start to isolate
themselves, and they begin to exhibit symptoms of
depression.
Stage 5 (moderate to severe cognitive weakness/
early dementia): Confusion of place and time, as well
as deterioration in motor functions (apraxia) and
perception (agnosia), occur in patients. Patients need
help to do their daily activities (such as eating, toilet,
and dressing).
Stage 6 (severe cognitive weakness/moderate
dementia): The patients cannot find the appropriate
words while speaking and their speaking skills
regress. Since they are unable to hold their toilet, they
need additional support in their daily lives.
Stage 7 (very severe cognitive weakness/late
dementia): The speech abilities of the patients
become progressively worse or totally disappear.
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Patients constantly need help.
The pathophysiology of AD is based on two basic
hypotheses. One of these hypotheses is the amyloid
hypothesis. This concept involves extracellular
beta-amyloid (Aβ) deposits. Beta-amyloid molecules
play a critical role in AD which is triggered by both
genetic and environmental factors, and there is an
increasing accumulation of Aβ in the brain in AD.
Increasing Aβ mass causes neuronal cell death, and
loss of synapses, and leads to a progressive course of
the disease.[10-12]
The second hypothesis is the deposition
of
neurofibrillar y
tangles
resulting
from
hyperphosphorylation
of
tau,
a
microtubule -associated
protein
that
stabilizes microtubules. [13] Accumulation of
hyperphosphorylated tau protein leads to loss of
cellular and neuronal function and ultimately to
apoptosis.[14]
Along with these two hypotheses, it has
recently been generally argued that the decrease in
cognitive functions due to relatively high levels of
inflammatory response in the brain in AD and high
immune gene activation increases the susceptibility
to neurodegeneration.[15]
Aging is another important risk factor for AD
formation. When we classify AD according to age:
Early-onset AD is observed in people under 65
years of age, while late-onset AD affects patients
aged 65 and over.[16] Early and late AD differs in
clinical, neuropsychological, neuropathological,
and neuroimaging techniques.[17] In the brains of
early AD patients, amyloid precursor protein (APP)
causes the formation of amyloid plaques (APs). As a
result of mutations in presenilin 1 and 2 (PSEN1 and
PSEN2) genes, gamma-secretase, the enzyme that
degrades APP, cannot be regulated in the brains of
patients with early AD, and consequently, amyloid
deposits increase. In late AD patients, apolipoprotein
E (APOE), a protein that provides lipid transport
between tissues or cells, controls the production and
function of Aβ and regulates lipid homeostasis.[18-21]
In peripheral tissues, ApoE is produced primarily by
the liver and macrophages and mediates cholesterol
metabolism in an isoform-dependent manner.
ApoE4 is also associated with hyperlipidemia and
hypercholesterolemia leading to atherosclerosis,
coronary heart disease, and stroke.[20,22] In the central
nervous system, ApoE is primarily produced by
astrocytes and transports cholesterol to neurons
via ApoE receptors, which are members of the low-
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density lipoprotein receptor (LDLR) family.[23] Literature
shows that APOE genotypes strongly influence the
accumulation of Aβ to form plaques and cerebral
amyloid angiopathy in AD brains.[24]

EPIGENETIC FACTORS
Epigenetics is the study of changes in gene
function that are inherited mitotically or meiotically
and do not require changes in the deoxyribonucleic
acid (DNA) sequence. The initiation and progression
of AD occur with the interaction of various factors,
including aging, genetic mutations, metabolic activity,
and nutritional disorders, as well as environmental
and social variables.[25] Decreased DNA methylation in
the brain impairs neural plasticity, prevents memory
formation, and leads to memory loss with aging in
AD patients.[19,26] In addition to aging, cerebrovascular
diseases, which are other epigenetic risk factors, are
the most frequently reported precursor factors of
AD. In addition to all of these, the risk of AD is further
enhanced by variables including smoking, diabetes,
hypertension, obesity, dyslipidemia (increasing blood
cholesterol level), traumatic brain injury, marital
status, stress, and depression.[27,28]

CIRCADIAN RHYTHM
Living organisms adapt to their environment in
order to meet their basic needs such as protection,
nutrition, mating, and survival. They also adjust
their biological clocks by optimizing their nightday cycles.[29] The circadian system manages
various physiological functions such as sleep-wake,
temperature, physical activity, and cognitive activity.
[30,31]

The circadian rhythm is controlled by
transcriptional-translational negative feedback.
The transcription factors BMAL1 and CLOCK form
heterodimers and the transcription of genes is
repressed by promoters containing enhancer box
(E-box) elements throughout the genome. The
combination of PERIOD (Per) and CRYPTOCHROME
(Cry) repressor genes inhibits BMAL1 and CLOCK
transcription. The Per and Cry gene generates the
biological clock by setting the circadian rhythm to
a 24-hour period by creating negative feedback on
Bmal1 and Clock.[31-33]
The biological clock is regulated and synchronized
by the suprachiasmatic nucleus (SCN) of the
hypothalamus.[34,35] The SCN regulates the timing of
humoral controls including sleep-wake, temperature,
hunger-fullness, and cognitive function by sending
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signals to numerous hypothalamic nuclei.[35,36] The
SCN regulates output pathways that affect a variety
of physiological functions using both neuronal and
humoral signals. The proper timing of hormone
release, feeding behavior, and body temperature
fluctuations is determined by these output
pathways.[30]
Photoreceptors
containing
melanopsin
in the retinal layer of the eye sense the external
environment and transmit it to the SCN. It regulates
the secretion of melanocyte-stimulating hormone
(MSH) by stimulating the pineal gland in the SCN. The
MSH secretion is low during the day and increases
at night. In this situation, the upregulated MSH
levels indicate that it is time to sleep in the body.
When MSH secretion increases rapidly while we are
sleeping, it decreases in the morning, which is the
signal to wake up.[37-39] Melatonin can control the
timing of the circadian rhythm for up to 24 hours
by flowing back into the SCN.[40] Negative factors in
our daily life, such as poor quality nutrition, stress,
decreased physical activity, night shift work, and
jet lag, cause disruptions in circadian rhythm and
cause cognitive dysfunction.[41,42] Anomalies in the
biological clock as a result of irregularities in the
circadian rhythm pose a risk for numerous diseases.[43]
These include sleep disorders, depression, bipolar
disorder, cognitive function, memory formation,
neurodegenerative disorders such as AD, Parkinson’s
Disease, Huntington’s disease, obesity, and cancer.[44]

SLEEPINESS FACTOR
Sleep is characterized by two general sleep
states non-rapid eye movement (NREM) sleep which
consists of three stages, N1, N2, and N3, and rapid
eye movement sleep (REM). As NREM sleep deepens,
electroencephalography (EEG) brain frequencies
slow down. In the deepest sleep phase (N3) EEG or
slow-wave sleep (SWS), a high slow wave activity is
seen.[45] The SWS heals the brain itself after prolonged
wakefulness, goes to rest, and maintains sleep
homeostasis.[46] On the other hand, REM sleep is
associated with dream states.[45]
Many regions of the brain are involved in
the management of the sleep-wake process.
Ventrolateral preoptic nucleus (VLPO) in the anterior
hypothalamus, hypocretin neuropeptide neurons in
the lateral hypothalamus, and locus coeruleus (LC)
in the pons are brain regions that regulate sleep and
wakefulness. The VLPO is the active area during sleep
and contains galaninergic and GABAergic inhibitory
neurons.[46] Lesions in VLPO cause sleep problems.[47,48]

Hypocretins are neuropeptides that are expressed in
neurons during awakening.[49,50] Hypocretins send
intense stimuli to multiple nuclei, including the LC,
which is the noradrenergic nucleus that amplifies
arousal.[51,52] The VLPO and hypocretins send impulses
to the brainstem, which regulates REM sleep.[53,54]
Sleep-active VLPO and wake-active monoaminergic
nuclei mutually inhibit each other, resulting in a rapid
transition between sleep-wake states. Wake-active
lateral hypothalamic neurons strengthen the arousal
system and stabilize the balance between sleepwake.[55]

ALZHEIMER’S DISEASE AND SLEEP
Aging is the primary risk factor for many
neurodegenerative disorders, and with aging, the
daily function of the biological clock in the human
body decreases.[56] Disruptions in the circadian rhythm
affect sleep and misalignment of other physiological
rhythms.[57-60] AD patients frequently have circadian
rhythm and sleep-wake cycle abnormalities.[61-64]
Compared to older individuals who are healthy, people
with AD spend more time awake in bed and have
more interrupted sleep.[65,66] In a study, it was shown
that sleep disruption increases the risk of cognitive
decline and AD.[58,66] In another study, a decrease in
REM sleep time and slow-wave sleep fragmentation
was observed in individuals with AD.[65,67,68] The
deposition of Aβ plaques is thought to be interrelated
between sleep disturbance and AD progression.[69-73]
To determine whether sleep disturbance is associated
with AP accumulation before cognitive impairment
in AD, cerebrospinal fluid (CSF)[74] Aβ levels and sleep
measures were performed in cognitively normal
individuals. As an output of this analysis, the scientists
found that low CSF Aβ levels were associated with
poor sleep quality.[75] Another study found that poor
sleep quality is associated with shorter sleep duration
and greater Aβ formation.[76] These studies showed
that poor sleep quality occurs when there is AP
formation and before cognitive dysfunction.[77]
It is known that impairments in sleep duration and
circadian rhythm happen with AP formation. These
impairments negatively affect sleep quality and
cause other bodily rhythms to go out of sync which
in turn increases stress. Poor sleep increases stress
and stress causes interrupted sleep. Different types of
stress create changes in our sleep cycle and activate
the hypothalamic-pituitary-adrenal (HPA) axis.[78]
The study, which was done to show how the
increased amyloid production caused by sleep
dysfunction promotes AP formation, showed that a
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key regulator of the sleep cycle, orexin, promoted
staying wake in transgenic rats which caused increased
AP formation and accumulation.[79,80] The increased
AP load disrupts slow-wave sleep, which impairs
the consolidation of human memory.[81] Slow-wave
sleep is important for cleansing the human body.
Inadequate sleep, inability to obtain sufficient wave
sleep, and the elevation of oligomeric forms of APs
are associated with AD.[82]
In conclusion, multiple factors may affect AD
pathology including sleep habits, age, gender, and
sleep disorders. It has been known that sleep disorders
raise levels of cerebral Aβ and hyperphosphorylated
tau accumulation, thus it increases the risk of AD.
In addition, damage to neuronal pathways such as
cholinergic pathways that initiate and maintain sleep
are thought to contribute to sleep changes in AD.
Regression analysis revealed that the severity of
the impaired slow release-sleep cycle connection
predicted a greater medial temporal lobe tau burden.
In studies, sleep-wake disorders are observed before
AD is clinically diagnosed. Before cognitive disorders,
sleep-wake abnormalities such as daytime sleepiness
are frequently encountered in patients. In fact, sleep
pattern changes that create problematic issues in
patients’ life cycles are directly associated with the
accumulation of tau and Aβ. Extended wakefulness
may increase soluble Aβ levels in the brain and both
exacerbate and accelerate the development of AD
pathology.

5.

6.

7.

8.
9.

10.

11.

12.
13.

14.

15.

Declaration of conflicting interests
The authors declared no conflicts of interest with
respect to the authorship and/or publication of this article.
Funding
The authors received no financial support for the
research and/or authorship of this article.

REFERENCES
1.

2.

3.

4.

Villa C, Suphesiz H, Combi R, Akyuz E. Potassium channels
in the neuronal homeostasis and neurodegenerative
pathways underlying Alzheimer's disease: An update.
Mech Ageing Dev. 2020 Jan;185:111197.
Doğanoğlu A, Erbaş O. Effects of Green Tea Polyphenols
and Oxidative Stress on Alzheimer’s and Parkinson’s
Diseases. JEB Med Sci 2021;2:1-6.
Winer JR, Mander BA, Helfrich RF, Maass A, Harrison TM,
Baker S et al. Sleep as a Potential Biomarker of Tau and
β-Amyloid Burden in the Human Brain. J Neurosci. 2019
Aug 7;39;6315-24.
Peter-Derex L, Yammine P, Bastuji H, Croisile B. Sleep and
Alzheimer's disease. Sleep Med Rev. 2015 Feb;19:29-38.

16.
17.
18.

19.

20.

21.

22.

Tiwari S, Atluri V, Kaushik A, Yndart A, Nair M. Alzheimer's
disease: pathogenesis, diagnostics, and therapeutics. Int
J Nanomedicine. 2019 Jul 19;14:5541-54.
Adav SS, Sze SK. Insight of brain degenerative protein
modifications in the pathology of neurodegeneration
and dementia by proteomic profiling. Mol Brain. 2016
Nov 3;9:92.
Kuang H, Zhu YG, Zhou ZF, Yang MW, Hong FF, Yang SL.
Sleep disorders in Alzheimer's disease: the predictive
roles and potential mechanisms. Neural Regen Res. 2021
Oct;16:1965-72.
Gilman S. Alzheimer's disease. Perspect Biol Med. 1997
Winter;40:230-45.
Samanta MK, Wilson B, Santhi K, Kumar KP, Suresh B.
Alzheimer disease and its management: a review. Am J
Ther. 2006 Nov-Dec;13:516-26.
Kinney JW, Bemiller SM, Murtishaw AS, Leisgang
AM, Salazar AM, Lamb BT. Inflammation as a central
mechanism in Alzheimer's disease. Alzheimers Dement
(N Y). 2018 Sep 6;4:575-90.
Zhang H, Zheng Y. [β Amyloid Hypothesis in Alzheimer's
Disease:Pathogenesis,Prevention,and Management].
Zhongguo Yi Xue Ke Xue Yuan Xue Bao. 2019 Oct
30;41:702-8.
İpek Konaklı M, Erbaş O. Alzheimer's Disease and Animal
Models. JEB Med Sci 2020;1:107-12.
Alonso AC, Grundke-Iqbal I, Iqbal K. Alzheimer's disease
hyperphosphorylated tau sequesters normal tau into
tangles of filaments and disassembles microtubules. Nat
Med. 1996 Jul;2:783-7.
Gong CX, Iqbal K. Hyperphosphorylation of
microtubule-associated protein tau: a promising
therapeutic target for Alzheimer disease. Curr Med
Chem. 2008;15:2321-8.
Erbakan K, Doğanoğlu A, Erbaş O. Effects of Lycopene on
Neurodegenerative Diseases. JEB Med Sci 2021;2:50-61.
İpek Konaklı M, Atasoy Ö, Erbaş O. Intranasal applications
in Alzheimer's treatment. D J Med Sci 2020;6:157-65.
Yahşi F, Erbaş O. Hard Physical Work and Alzheimer’s
Disease Risk. JEB Med Sci 2021;2:229-39.
Friedlander AH, Norman DC, Mahler ME, Norman KM,
Yagiela JA. Alzheimer's disease: psychopathology,
medical management and dental implications. J Am
Dent Assoc. 2006 Sep;137:1240-51.
Silva MVF, Loures CMG, Alves LCV, de Souza LC, Borges
KBG, Carvalho MDG. Alzheimer's disease: risk factors
and potentially protective measures. J Biomed Sci. 2019
May 9;26:33.
Mahley RW, Rall SC Jr. Apolipoprotein E: far more than a
lipid transport protein. Annu Rev Genomics Hum Genet.
2000;1:507-37.
Huang Y, Mahley RW. Apolipoprotein E: structure
and function in lipid metabolism, neurobiology, and
Alzheimer's diseases. Neurobiol Dis. 2014 Dec;72:3-12.
Lahoz C, Schaefer EJ, Cupples LA, Wilson PW, Levy
D, Osgood D, et al. Apolipoprotein E genotype and
cardiovascular disease in the Framingham Heart Study.
Atherosclerosis. 2001;154:529-37.

Alzheimer's Disease and Sleep
23. Murray AD. Imaging Alzheimer's disease and other
dementias. Preface. Neuroimaging Clin N Am. 2012
Feb;22:13-14.
24. Ellis RJ, Olichney JM, Thal LJ, Mirra SS, Morris JC, Beekly
D, et al Cerebral amyloid angiopathy in the brains of
patients with Alzheimer's disease: the CERAD experience,
Part XV. Neurology. 1996 Jun;46:1592-6.
25. Sweatt JD. The emerging field of neuroepigenetics.
Neuron. 2013 Oct 30;80:624-32.
26. Giri M, Zhang M, Lü Y. Genes associated with Alzheimer's
disease: an overview and current status. Clin Interv
Aging. 2016 May;17;11:665-81.
27. Meraz-Ríos MA, Guevara-Guzmán R, Carvajal KG,
Campos-Peña V. Editorial: Neurodegeneration: from
Genetics to Molecules. Front Cell Neurosci. 2016 Aug
3;10:187.
28. Mayeux R, Stern Y. Epidemiology of Alzheimer disease.
Cold Spring Harb Perspect Med. 2012 Aug;1;2:a006239.
29. Balazs R. Epigenetic mechanisms in Alzheimer's disease.
Degener Neurol Neuromuscul Dis. 2014 May;24;4:85-102.
30. Takahashi JS, Hong HK, Ko CH, McDearmon EL. The
genetics of mammalian circadian order and disorder:
implications for physiology and disease. Nat Rev Genet.
2008 Oct;9:764-75.
31. Scheer FA, Wright KP Jr, Kronauer RE, Czeisler CA.
Plasticity of the intrinsic period of the human circadian
timing system. PLoS One. 2007 Aug;8;2:e721.
32. Phan TX, Malkani RG. Sleep and circadian rhythm
disruption and stress intersect in Alzheimer's disease.
Neurobiol Stress. 2018 Oct 17;10:100133.
33. Mattis J, Sehgal A. Circadian Rhythms, Sleep, and
Disorders of Aging. Trends Endocrinol Metab.
2016;27:192-203.
34. Musiek ES, Holtzman DM. Mechanisms linking circadian
clocks, sleep, and neurodegeneration. Science. 2016 Nov
25;354:1004-8.
35. Saper CB, Fuller PM, Pedersen NP, Lu J, Scammell TE.
Sleep state switching. Neuron. 2010 Dec 22;68:1023-42.
36. Akhtar RA, Reddy AB, Maywood ES, Clayton JD, King
VM, Smith AG, et al. Circadian cycling of the mouse liver
transcriptome, as revealed by cDNA microarray, is driven
by the suprachiasmatic nucleus. Curr Biol. 2002 Apr
2;12:540-50.
37. Dai J, Swaab DF, Van der Vliet J, Buijs RM. Postmortem
tracing reveals the organization of hypothalamic
projections of the suprachiasmatic nucleus in the human
brain. J Comp Neurol. 1998 Oct 12;400:87-102.
38. Gooley JJ, Lu J, Chou TC, Scammell TE, Saper CB.
Melanopsin in cells of origin of the retinohypothalamic
tract. Nat Neurosci. 2001;4:1165.
39. Berson DM, Dunn FA, Takao M. Phototransduction by
retinal ganglion cells that set the circadian clock. Science.
2002 Feb 8;295:1070-3.
40. Hattar S, Liao HW, Takao M, Berson DM, Yau KW.
Melanopsin-containing retinal ganglion cells:
architecture, projections, and intrinsic photosensitivity.
Science. 2002 Feb 8;295:1065-70.

177
41. Sack RL, Lewy AJ, Blood ML, Keith LD, Nakagawa H.
Circadian rhythm abnormalities in totally blind people:
incidence and clinical significance. J Clin Endocrinol
Metab. 1992 Jul;75:127-34.
42. Cho K. Chronic 'jet lag' produces temporal lobe atrophy
and spatial cognitive deficits. Nat Neurosci. 2001
Jun;4:567-8.
43. Cho K, Ennaceur A, Cole JC, Suh CK. Chronic jet
lag produces cognitive deficits. J Neurosci. 2000
Mar;15;20:RC66.
44. Smarr BL, Jennings KJ, Driscoll JR, Kriegsfeld LJ. A time
to remember: the role of circadian clocks in learning and
memory. Behav Neurosci. 2014 Jun;128:283-303.
45. Seifalian A, Hart A. Circadian Rhythms: Will It
Revolutionise the Management of Diseases? J Lifestyle
Med. 2019;9:1-11.
46. Berry RB, Budhiraja R, Gottlieb DJ, Gozal D, Iber C, Kapur
VK, et al. American Academy of Sleep Medicine. Rules
for scoring respiratory events in sleep. J Clin Sleep Med.
2012 Oct 15;8:597-619.
47. Dijk DJ, Brunner DP, Borbély AA. Time course of EEG
power density during long sleep in humans. Am J
Physiol. 1990 Mar;258:650-61.
48. Sherin JE, Shiromani PJ, McCarley RW, Saper CB. Activation
of ventrolateral preoptic neurons during sleep. Science.
1996 Jan 12;271:216-9.
49. Gaus SE, Strecker RE, Tate BA, Parker RA, Saper CB.
Ventrolateral preoptic nucleus contains sleep-active,
galaninergic neurons in multiple mammalian species.
Neuroscience. 2002;115:285-94.
50. Lu J, Greco MA, Shiromani P, Saper CB. Effect of lesions
of the ventrolateral preoptic nucleus on NREM and REM
sleep. J Neurosci. 2000;20:3830-42.
51. de Lecea L. Twenty-three years of hypocretins: the
“rosetta stone” of sleep/arousal circuits. The Orexin
System. Basic Science and Role in Sleep Pathology.
2021;45:1-0.
52. Hassani OK, Lee MG, Henny P, Jones BE. Discharge
profiles of identified GABAergic in comparison to
cholinergic and putative glutamatergic basal forebrain
neurons across the sleep-wake cycle. J Neurosci. 2009
Sep 23;29:11828-40.
53. Peyron C, Tighe DK, van den Pol AN, de Lecea L, Heller HC,
Sutcliffe JG, Kilduff TS. Neurons containing hypocretin
(orexin) project to multiple neuronal systems. J Neurosci.
1998 Dec 1;18:9996-10015.
54. Carter ME, Yizhar O, Chikahisa S, Nguyen H, Adamantidis
A, Nishino S, et al. Tuning arousal with optogenetic
modulation of locus coeruleus neurons. Nat Neurosci.
2010 Dec;13:1526-33.
55. Lu J, Sherman D, Devor M, Saper CB. A putative flipflop switch for control of REM sleep. Nature. 2006 Jun
1;441:589-94.
56. Özkan K, Erbaş O. The importance of runny nose tests in
Alzheimer’s disease. FNG & Demiroğlu Bilim Tıp Dergisi
2019;5:105-9.
57. Weber F, Chung S, Beier KT, Xu M, Luo L, Dan Y. Control
of REM sleep by ventral medulla GABAergic neurons.

178
Nature. 2015;526:435-8.
58. Saper CB, Scammell TE, Lu J. Hypothalamic regulation
of sleep and circadian rhythms. Nature. 2005 Oct
27;437:1257-63.
59. Nakamura TJ, Nakamura W, Yamazaki S, Kudo T, Cutler T,
Colwell CS, et al. Age-related decline in circadian output.
J Neurosci. 2011;31:10201-5.
60. Wyse CA, Coogan AN. Impact of aging on diurnal
expression patterns of CLOCK and BMAL1 in the mouse
brain. Brain Res. 2010 Jun 14;1337:21-31.
61. Swaab DF, Fliers E, Partiman TS. The suprachiasmatic
nucleus of the human brain in relation to sex, age and
senile dementia. Brain Res. 1985;342:37-44.
62. Wang JL, Lim AS, Chiang WY, Hsieh WH, Lo MT,
Schneider JA et al. Suprachiasmatic neuron numbers
and rest-activity circadian rhythms in older humans. Ann
Neurol. 2015 Aug;78:317-22.
63. Pollak CP, Perlick D. Sleep problems and institutionalization
of the elderly. J Geriatr Psychiatry Neurol. 1991;4:204-10.
64. Vitiello MV, Borson S. Sleep disturbances in patients with
Alzheimer’s disease: epidemiology, pathophysiology
and treatment. CNS Drugs. 2001;15:777-96.
65. McCurry SM, Ancoli-Israel S. Sleep Dysfunction in
Alzheimer's Disease and Other Dementias. Curr Treat
Options Neurol. 2003 May;5:261-272.
66. Bliwise DL. Sleep disorders in Alzheimer's disease and
other dementias. Clin Cornerstone. 2004;6:16-28.
67. Prinz PN, Peskind ER, Vitaliano PP, Raskind MA, Eisdorfer
C, Zemcuznikov N, et al. Changes in the sleep and
waking EEGs of nondemented and demented elderly
subjects. J Am Geriatr Soc. 1982;30:86-93.
68. 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;36:1027-32.
69. Hita-Yañez E, Atienza M, Cantero JL. Polysomnographic
and subjective sleep markers of mild cognitive
impairment. Sleep. 2013 Sep 1;36:1327-34.
70. Petit D, Gagnon JF, Fantini ML, Ferini-Strambi L, Montplaisir
J. Sleep and quantitative EEG in neurodegenerative
disorders. J Psychosom Res. 2004 May;56:487-96.
71. Kang JE, Lim MM, Bateman RJ, Lee JJ, Smyth LP, Cirrito JR
et al. Amyloid-beta dynamics are regulated by orexin and
the sleep-wake cycle. Science. 2009 Nov 13;326:1005-7.
72. Gerstner JR, Perron IJ, Pack AI. The nexus of Aβ, aging,
and sleep. Sci Transl Med. 2012 Sep 5;4:150fs34.
73. Roh JH, Huang Y, Bero AW, Kasten T, Stewart FR, Bateman
RJ, Holtzman DM. Disruption of the sleep-wake cycle and
diurnal fluctuation of β-amyloid in mice with Alzheimer's
disease pathology. Sci Transl Med. 2012 Sep 5;4:150ra122.
74. Cevik B, Solmaz V, Aksoy D, Erbas O. Montelukast inhibits
pentylenetetrazol-induced seizures in rats. Med Sci
Monit. 2015 Mar 24;21:869-74.
75. Ju Y-ES, Lucey BP, Holtzman DM. Sleep and Alzheimer
disease pathology--a bidirectional relationship. Nat Rev
Neurol. 2014;10:115-9.
76. Lim MM, Gerstner JR, Holtzman DM. The sleep-wake

JEB Med Sci

77.

78.

79.

80.

81.

82.

cycle and Alzheimer’s disease: what do we know?
Neurodegener Dis Manag. 2014;4:351-62.
Ju YE, McLeland JS, Toedebusch CD, Xiong C, Fagan
AM, Duntley SP, Morris JC, Holtzman DM. Sleep quality
and preclinical Alzheimer disease. JAMA Neurol. 2013
May;70:587-93.
Spira AP, Gamaldo AA, An Y, Wu MN, Simonsick EM, Bilgel
M et al. Self-reported sleep and β-amyloid deposition in
community-dwelling older adults. JAMA Neurol. 2013
Dec;70:1537-43.
Spira AP, Chen-Edinboro LP, Wu MN, Yaffe K. Impact of
sleep on the risk of cognitive decline and dementia. Curr
Opin Psychiatry. 2014;27:478-83.
Teymur H, Tiftikcioglu YO, Cavusoglu T, Tiftikcioglu BI,
Erbas O, Yigitturk G, et al. Effect of platelet-rich plasma
on reconstruction with nerve autografts. Kaohsiung J
Med Sci. 2017 Feb;33:69-77.
Pawlyk AC, Morrison AR, Ross RJ, Brennan FX.
Stress-induced changes in sleep in rodents: models and
mechanisms. Neurosci Biobehav Rev. 2008;32:99-117.
Ooms S, Overeem S, Besse K, Rikkert MO, Verbeek M,
Claassen JA. Effect of 1 night of total sleep deprivation on
cerebrospinal fluid β-amyloid 42 in healthy middle-aged
men: a randomized clinical trial. JAMA Neurol. 2014
Aug;71:971-7.

