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Introduction 
Alzheimer’s disease (AD) is the most common cause of dementia and 

represents one of the most dramatic challenges of modern society. The 

increase in elderly population and life expectations and the public health and

economic challenges led investigators to develop sensitive biomarkers, risk 

and predictive factors able to facilitate early detection and effective 

intervention strategies ( Sperling et al., 2011 ). 

The relationship between sleep and AD is well known: a high percentage of 

AD patients complained sleep disturbances along the entire course of the 

disease, increasing in severity with the progression of AD ( Prinz et al., 1982

; Vitiello et al., 1990 ; Moe et al., 1995 ). 

Assuming that AD pathophysiology occurs many years before the 

manifestation of cognitive decline, recent literature data show that research 

in neuroscience is focusing on the preclinical stage of AD. This stage is 

characterized by deposition of extracellular amyloid-β (Aβ) into insoluble 

plaques in the brain associated with the aggregation of protein tau into 

intracellular neurofibrillary tangles (e. g., Lucey and Bateman, 2014 ). 

Amyloid deposition can be measured in vivo in humans by cerebrospinal fluid

(CSF) Aβ concentration levels and by positron emission tomography with the 

amyloid tracer Pittsburgh compound B (PET-PiB). Through the use of both 

these measures, it has been observed that amyloid deposition was present 

approximately in 25–30% of cognitively intact individuals in their eighth 

decade ( Morris et al., 2009 ). 
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Starting from the assumption that the intervention strategies are most 

effective in the preclinical stage of the disease, new research lines are 

investigating the modifiable factors occurring during this stage, together 

with the neuropathological events. In this context, the role of sleep in 

relation with Aβ is increasing in importance: sleep disturbances are present 

since the occurrence of Aβ accumulation, denoting a strict bidirectional 

relationship between sleep and Aβ. The subjective and objective measures of

fragmented sleep are associated with the degree of Aβ accumulation and Aβ 

levels in the CSF ( Lim et al., 2013 ; Spira et al., 2013 ; Mander et al., 2015 ). 

For both animal and human models, it has been observed that sleep 

deprivation (SD) causes the augmentation of soluble Aβ ( Kang et al., 2009 ; 

Ooms et al., 2014 ). Furthermore, in the mouse model, SD provokes also an 

increase in amyloid plaque deposition ( Roh et al., 2014 ). 

With the aim of investigating which aspects of sleep could be responsible for 

modulation of Aβ, an increasing number of electroencephalographic (EEG) 

studies (e. g., Ju et al., 2017 ) explored the role of slow-wave sleep (SWS) 

and specific non rapid eye movements (NREM) SWS components—with 

particular reference to slow-wave activity (SWA)—as candidates in the 

clearance of Aβ, promoting glymphatic system activity. The glymphatic 

system is a perivascular network diffused in the brain that has the role of 

achieving the exchange in interstitial fluid and CSF ( Boespflug and Iliff, 2018

) and is mainly implied in the clearing process of Aβ and other interstitial 

solutes. Growing evidence demonstrated that the glymphatic system mainly 
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is active during sleep and impaired with aging and post-traumatic brain ( Iliff 

et al., 2014 ; Kress et al., 2014 ; Zeppenfeld, 2017 ). 

Here, we briefly describe the bidirectional relationship between sleep and 

Aβ. Then, we review recent literature with particular reference to the last 

decade, reporting empirical evidence on the relationship between sleep 

disturbances and Aβ in elderly populations, and the most recent SD 

experimental data in animal and human models. We also discuss a new 

concept “ beyond amyloid,” underlying the importance of other factors—

related directly and indirectly to sleep—that has been receiving growing 

interest as contributors in the pathophysiology and progression of AD. On the

basis of the most recent advances, we also discuss findings on the role of 

sleep in clearing the brain of toxic metabolic by-products, providing the 

results of new studies about the clearance activity of the glymphatic system 

stimulated by sleep, with particular reference on the role of SWA. 

On the basis of the reviewed data, we also report a recent promising 

research line, describing innovative early sleep intervention strategies. 

Sleep and Aβ: A Bidirectional Relationship 
For over 25 years, sleep disorders have been associated with AD, with a 25–

66% of AD patients that exhibit sleep disturbances being considered one of 

the leading causes of patient institutionalization ( Moran et al., 2005 ; 

Guarnieri et al., 2012 ). 

During the last years, with the growing interest in the preclinical stage of AD,

the role of sleep in association with AD has radically changed. Sleep changes
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occur many years before the appearance of cognitive symptoms, together 

with the early pathophysiological events. The presence of sleep 

disturbances, since the preclinical stage of the disease, underlines a possible

crucial role of sleep in AD pathology and progression. 

In 2009, Kang and colleagues showed in the AD mouse model that Aβ levels 

in the interstitial fluid increased during wakefulness and decreased during 

sleep. After this pioneering finding, many observational studies investigated 

on poor sleep as a potential human AD biomarker. Two physiological 

mechanisms could explain how poor sleep could promote AD: i) during SWS, 

the brain could be able to better clean metabolic waste, and Aβ clearance 

would be more effective during SWS ( Xie et al., 2013 ); and ii) another 

mechanism was based on evidence that increased neuronal firing could 

promote Aβ production, and the firing is reduced in SWS as compared with 

wakefulness or REM sleep, and, consequently, sleep loss could lead to 

increase neuronal activity resulting in Aβ increase ( Vyazovskiy et al., 2009 ; 

Ju et al., 2014 ). At this purpose, it is important to underline that literature 

data remain controversial. In particular, the open issue seems to be related 

to the different frequencies of neuronal firing: it is known that the majority of

cortical neurons fire at low frequency ( Chauvette et al., 2010 ; Barth and 

Poulet, 2012 ). Starting from this assumption, while sleep seems to reduce 

the firing of high-firing-rate neurons, in case of very-low-frequency-firing 

(around 1 Hz) neurons, it seems to augment the firing as underlined in 

evidence conducted in both rodents and cats ( Watson et al., 2016 ). 

Moreover, Grosmark et al., (2012) examined the firing rates of hippocampal 

CA1 neurons and found that only REM episodes were related to a decreased 
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firing rates at hippocampal level, revealing also an increase in firing during 

NREM sleep episodes. 

During the last 15 years, many studies assessed the relations between 

subjective and objective sleep measures and increasing Aβ levels and lower 

cognitive performance in elderly populations, suggesting that poor sleep 

could increase the risk of obtaining low cognitive outcomes ( Scullin and 

Bliwise, 2015 ). The focus on healthy elderly population represents a crucial 

methodological advance from earlier studies conducted in already-impaired 

older adults (Spira and Gottesman, 2017). Indeed, in the light of developing 

the most effective and early interventions, it becomes necessary to evaluate 

a series of age-related characteristics in a healthy population and, ideally, 

following across time any change in different physiological, structural, 

functional, and behavioral aspects. 

Hence, current research lines are focusing their attention on the relationship 

between Aβ, sleep, and cognitive function in different experimental 

conditions, with particular reference to healthy elderly populations by 

investigating sleep disturbances and sleep deprivation related to Aβ burden. 

Aβ and Sleep Disturbances: A New Perspective 
Growing evidence supports the notion that insomnia, excessive daytime 

sleepiness (EDS), sleep-disordered breathing (SDB), and circadian sleep–

wake alterations all seem to increase the risk of AD (for a review, see Yaffe 

et al., 2014 ). It has been shown that sleep disorders modify 

neurotransmitter activity that could cause consequent dysfunction of the “ 
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default mode network,” which has a crucial role in the pathophysiology of AD

( Yulug et al., 2017 ). 

Following the new perspective of Aβ and sleep bidirectional relationship, 

many studies investigated whether sleep disruption could lead to deleterious

effects on Aβ accumulation in healthy populations (e. g., Cross et al., 2015 ). 

Recently, Chen and colleagues (2018) assessed the CSF Aβ levels in 23 

patients with chronic insomnia, to reveal the potential effects of chronic 

sleep lack on the pathogenesis of AD. The authors found that CSF Aβ42 

levels are significantly increased in insomniac patients. Furthermore, Aβ 

levels significantly correlated with the Pittsburgh Sleep Quality Index (PSQI) 

scores (i. e., the most used self-report measure that assesses sleep quality). 

Carvalho and co-workers (2018) conducted a longitudinal study to assess the

association between EDS and Aβ levels, through the use of PiB-PET scans 

across time (3 years’ follow-up). The results show that cognitive normal 

elderly ( n = 283) with a high score of EDS at baseline condition were 

subjected to a higher risk of developing changes related to AD, as shown by 

the progressive increase of their Aβ levels over 3 years. 

A similar longitudinal experimental design has been applied by Sharma and 

colleagues (2017) to investigate the association between obstructive sleep 

apnea (OSA) and Aβ levels in a cognitively intact elderly population ( n = 

208). The results show that high OSA indexes were related to higher Aβ 

levels measured by PiB-PET scans and the increasing in Aβ levels 

progressively augmented across time (2 years’ follow-up). 
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The strong limitation of these studies is, however, that their assessment of 

sleep disturbances was based only on a self-report questionnaire, without 

the use of objective or clinical measures. 

Some of these observations were, however, confirmed in studies conducted 

using actigraphy to examine sleep disorders related to preclinical AD. For 

example, Lim and co-workers (2013) , through a prospective actigraphic 

study with 10 consecutive sleep recordings, show that participants with 

higher sleep fragmentation have a risk of developing AD symptoms in the 

successive 3 years, which is 1. 5 times higher if compared with that of 

participants having lower fragmented sleep. 

It is interesting to note that sleep fragmentation characterized, directly or 

indirectly, all these sleep disturbances: insomnia, EDS, and OSA are 

representative of poor sleep quality, restricted duration, and difficulty in 

maintaining sleep continuity. 

The need for exploring sleep disturbances associated with Aβ with objective 

measures seems mandatory at this stage of evidence. Objective measures 

should include sleep EEG recordings, to obtain important details concerning 

macro-structural and micro-structural EEG measures. 

Particular attention should be given to the changes in the sleep–wake cycle. 

Aging per se leads to many changes at the physiological level, and these 

modifications concern also sleep and circadian rhythm and could derive from

hypothalamic functional alterations ( Monk et al., 2011 ). Indeed, lateral 

hypothalamus contains also neurons that impact wakefulness, in terms of 
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initiating and maintaining wakefulness state ( Chemelli et al., 1999 ). This 

role seems to be accomplished by orexin (hypocretin) neuropeptides that 

could be considered as a sort of substrate connecting dysfunctional 

homeostatic and cognitive processes in case of aging or AD and has been 

receiving growing attention also concerning new intervention strategies 

based on sleep restoration ( Guarnieri et al., 2014 ). 

The hypothesis of a relevant role of orexin neuropeptide in AD has also been 

confirmed by a study conducted with transgenic 2567 (TG2567) mice. This 

type of mouse model is commonly used in AD experimental procedures 

because it presents a mutation of the amyloid precursor protein but does not

contract signs of AD at the behavioral level. Results show that orexin 

intracerebroventricular administration during inactive periods (that probably 

correspond to sleep) lead to an augmentation of wakefulness periods and Aβ

levels in interstitial fluid ( Kang et al., 2009 ). 

Many evidence shows that alterations in circadian rhythm and sleep–wake 

cycle are strictly related to Aβ pathology: high Aβ levels are associated with 

fluctuations in alertness (e. g., Musiek et al., 2015 ), which contribute to the 

successive occurrence of “ sundowning” with progressive neurodegeneration

across time. 

Considering animal models, the major concentrations of Aβ occur during 

wakefulness in TG2567 mice and wild type (WT; Kang et al., 2009 ), and, 

similarly, human models denote significant differences in Aβ levels measured

during wakefulness (maximum concentration) and during normal sleep 

(minimum concentration; Huang et al., 2012 ). 
https://assignbuster.com/sleep-and-amyloid-deposition-in-alzheimer-disease-
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The changes concerning sleep–wake cycle alterations include nocturnal sleep

fragmentation, increased wakefulness, and functional impairment in daytime

activity with diurnal napping ( Vitiello and Prinz, 1989 ; van Someren et al., 

1996 ). The specific sleep alterations in the preclinical stage of AD regard 

SWS, while REM sleep seems to be affected in later stages, with the 

progression of the disease ( Vitiello and Prinz, 1989 ). Although brain remains

electrically and metabolically active during sleep, a reduction of functional 

connectivity occurs at sleep onset ( Vecchio et al., 2017 ) and with increasing

depth of NREM sleep, with the maximal reduction observed during stage 3 

(N3) of SWS ( Horovitz et al., 2009 ). It has been hypothesized that the 

decrease during N3 could be due to decreased neuronal activity in this sleep 

stage. In support of these findings in humans, Fernandez and colleagues in a 

study conducted on mice found similar results regarding the decreased 

connectivity during sleep ( Fernandez et al., 2017 ). 

A recent interesting contribution investigated the impact of Aβ on the sleep–

wake cycle, demonstrating that Aβ disturbs the synchronization of the 

central nervous system clocks, which are crucial for many processes. The 

worsening in synchronization is typical of normal aging and could further 

worsen, leading to neurodegeneration ( Cedernaes et al., 2017 ). 

This hypothesis is also supported by 24-h fluctuations in CSF Aβ levels 

measured by PET that decrease with age in “ amyloid positive” healthy 

adults ( Kang et al., 2009 ; Huang et al., 2012 ). 
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The Effects of Sleep Deprivation on the β-Amyloid 
Accumulation 
SD studies have been providing crucial advancements in the understanding 

of the mechanisms underlying the intriguing bidirectional relationship 

between sleep and Aβ. 

It is well known that, in general, SD is strictly associated with cognitive 

impairment. Both clinical and experimental studies show that sleep loss, 

even for a few hours, provokes cognitive impairments. A wide range of 

empirical evidence demonstrates impairments in memory, learning, 

attention, decision making, and emotional reactivity in healthy human 

subjects after sleep loss ( Chee and Chuah, 2008 ; Goel et al., 2009 ; McCoy 

and Strecker, 2011 ). 

SD experimental contributions derive from both animal and human models, 

and although animal models represent a fundamental approach in the field 

of translational research in AD, the findings on the animal model do not 

completely overlap those in humans. 

Studies manipulating SD make a distinction between total sleep deprivation 

(lack of sleep for a specific period extending to a longer period of sleep), mild

sleep restriction (long-term shortening of the usual duration of sleep), and 

sleep fragmentation (interrupted sleep in different stages). 

Starting from the assumption that sleep loss has an important negative 

implication in cognitive impairment, the most recent contributions of animal 

and human models in the field of AD are extending their focus on other 

interesting methodological and conceptual issues: i) scheduling different 
https://assignbuster.com/sleep-and-amyloid-deposition-in-alzheimer-disease-
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long-term SD periods; ii) investigating different subtypes of cognitive 

impairments; iii) testing the irreversibility of these impairments, by utilizing 

longitudinal experimental protocols; iv) increasing the use of non-genetically 

predisposed mouse model to better replicate adult-elderly individuals; v) 

considering sleep loss as a “ stressor”; vi) investigating possible neuronal 

mechanisms implied in sleep–Aβ relationship; and vii) considering the 

possible role of glia in AD pathogenic mechanisms. 

Animal Models 
Firstly, Rothman and colleagues (2013) tested the hypothesis that long-term 

mild restriction could worsen AD progression using the TG model with 

plaques and tangles, the 3×TgAD mouse model ( n = 10). Mice were 

subjected to 6 h of sleep restriction per day for 6 weeks. The results showed 

that after chronic sleep restriction, there was an accentuation of Aβ 

accumulation in the cerebral cortex, demonstrating for the first time that 

long-term mild sleep restriction could worsen AD progression. Furthermore, 

behavioral data also reveal a worsening of memory loss in sleep-restricted 

mice if compared with controls. This study also analyzed corticosterone 

circulating levels, which were elevated 1 week after the start of the SD 

period and lasted for 4 weeks. The increase in corticosterone levels led to 

consider SD also in relation to stress intrinsically inherent to the procedures 

to sleep deprive, indicating that mice could not be able to acclimate to a 

stressor. 

The notion of SD acting as a potential stressor was confirmed in other mice 

model studies. In particular, a successive study by Di Meco and co-workers 

(2014) , utilizing the same 3×TgAD mouse model ( n = 18), evaluated the 
https://assignbuster.com/sleep-and-amyloid-deposition-in-alzheimer-disease-
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functional and biological consequences of 4-h SD per day for 8 weeks. 

Compared with controls, mice subjected to SD show impaired cognitive 

performance in learning and memory abilities, but there are no significant 

differences in Aβ accumulation. 

Interestingly, SD has an impact also in reducing postsynaptic density protein 

95 levels with parallel augmentation of glial fibrillary acidic protein levels. 

This result confirms the importance of SD as a chronic stressor, able to 

influence also cognitive functions AD neuropathology. 

Aiming to investigate the effects of chronic SD (mice underwent to 2-month 

SD; they were awakened from 12: 00 PM to 8: 00 AM of the next day) on 

cognition and Aβ accumulation in mice, Qiu and colleagues (2016) used a 

model of familial AD transgenic mice ( n = 40) and their WT ( n = 40). 

Results showed a worsening in cognition (learning and memory) in mice 

subjected to SD if compared with non-SD mice for both TG and WT models. 

Furthermore, the augmentation in Aβ accumulation and typical senile 

plaques was observed after SD in the cortex and hippocampus. It is 

interesting to note that the effects related to SD lasted for 3 months and 

remained stable also in normal, non-experimental conditions. 

These findings underline that chronic SD could be considered as a potential 

risk factor for AD. 

This is the first study demonstrating that reversal learning ability is defected 

by chronic SD. The authors assume that SD as a stressor can cause damage 

to both the hippocampus and cortex and it could aggravate dementia. This 
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study explores the effects of chronic SD on both familial AD model and 

sporadic one, to facilitate the understanding of the association between 

chronic SD and AD. On the basis of those results, it is possible to suggest 

that chronic SD is not only a risk factor for familial AD but also contributes to 

sporadic AD. 

Familial (i. e., early-onset AD) AD typically accounts for a quite small 

percentage of all AD cases (e. g., Bali et al., 2012 ), and it becomes 

fundamental to evaluate whether chronic SD could facilitate Aβ accumulation

and make vulnerable the non-genetically predisposed mice to the risk of 

dementia, specifically investigating sporadic AD (i. e., late-onset AD, which is

the most common AD form). In a recent study of Zhao and co-workers (2017)

, non-genetically predisposed mice (adult and WT C57BL/6 mice) were 

submitted to chronic SD for 2 months (equivalent to 6–8 years in humans). 

Mice usually sleep 10–12 h each day, and experimental SD protocol allowed 

mice to sleep restriction (4 h per day). This study had the aim of verifying 

alterations in cognitive function and Aβ levels after a period of SD. Results 

showed that cognitive function worsened for both learning and memory 

domains. Concerning Aβ accumulation, the most affected brain areas were at

the prefrontal and temporal lobe levels, differing from above-mentioned 

findings, suggesting that it could be possibly due to variant genetic 

background. 

Beyond the traditional mice models, the fruit fly Drosophila melanogaster 

has been established as a model for AD (e. g., Bonner and Boulianne, 2011 ) 

because it recapitulates some key pathophysiological and cognitive 
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characteristics of AD ( Tabuchi et al., 2015 ). A recent study of Tabuchi and 

colleagues (2015) hypothesized a functional mutual interaction that includes 

sleep, neuronal excitability, and Aβ levels also in animals different from mice

model. To this purpose, using mechanical deprivation, authors subjected flies

to SD for 1 week, starting from the assumption that sleep functions 

downscale synaptic strength and SD could have a deleterious effect on 

neuronal excitability related to AD pathology. The results of this study 

underline an augmentation in neuronal excitability due to abundant Aβ 

accumulation and a worsening of this effect after SD. These changes in 

electrical activity are also linked to cognitive impairment: mild cognitive 

impairment (MCI) patients showed augmented hippocampal activation by 

functional magnetic resonance imaging (fMRI), while its reduction improved 

memory performance ( Bakker et al., 2012 ). The findings of this study raise 

the important issue of the strong interaction between sleep and Aβ, adding 

the negative relevance of neuronal hyperexcitation in case of sleep loss and, 

on the contrary, suggesting a possible beneficial role of intact sleep in AD 

pathophysiology. 

Human Models 
The first human study by Ooms and colleagues (2014) investigated the 

effects of one night of total SD on CSF Aβ42 levels in healthy middle-aged 

men ( n = 26). A night of undisturbed sleep led to a 6% decrease in Aβ42 

levels, whereas this decrease was not observed in case of sleep restriction. 

Furthermore, Aβ42 levels in a different time of the day were significantly 

different between the two groups in contrast to Aβ40 and tau protein levels 

that remained stable. These results suggest that SD could interfere with the 
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physiological decrement in Aβ42 levels measured in the morning, and it 

elevates the risk of AD. Another study ( Wei et al., 2017 ) tested the effects 

of short-term total sleep deprivation on plasma Aβ levels. Twenty healthy 

volunteers underwent 24 h of SD. Results show that SD can provoke Aβ40 

plasma level augmentation and a decrement in Aβ42/Aβ40 ratio. As 

mentioned above for animal models, these results underline a possible 

mechanism that also implies oxidative stress in the impairment of peripheral 

Aβ clearance as a pathophysiological mechanism of AD. The plasma Aβ40 

level was linearly correlated with the time of wakefulness, and the changes 

were reversed after sleep recovery. These sleep-related effects were not 

observed for plasma Aβ42. 

In contrast, Lucey and colleagues (2017) found that disrupted sleep 

increases AD risk via increased Aβ38, Aβ40, and Aβ42 levels by 25% to 30% 

in cognitively normal adults ( n = 8; aged 30 to 60 years). 

Using PET, Shokri-Kojori and colleagues (2018) showed that acute SD 

impacts the Aβ burden in brain regions implicated in AD. In particular, the 

authors evaluated the effects of one-night SD on Aβ burden in healthy 

controls ( n = 22). The increase in Aβ burden was found in the hippocampus 

and thalamus, confirming that SD has an impact on brain regions strictly 

connected with AD pathology starting from the first stages of the disease. 

The most recent studies are trying to increase in the extent of SD 

manipulation. Olsson and co-workers (2018) investigated the effect of five 

consecutive nights of partial sleep deprivation (PSD) on CSF biomarkers in 

healthy adults ( n = 13). After baseline condition (8 h per night for five 
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nights), PSD protocol consisted in reducing sleep to 4 h for the successive 

eight nights. CSF biomarker included Aβ, tau, orexin, monoamine 

metabolites, neuron-derived biomarkers, and astro- and microglia-derived 

biomarkers. Results showed that five to eight consecutive nights of PSD only 

affected CSF orexin levels, in terms of augmentation. No impact was found 

on the other CSF biomarkers. 

The above-mentioned empirical evidence related to animal and human 

models, with particular reference to new interesting methodological and 

conceptual issues, has provided new important insights going towards a “ 

beyond amyloid” concept of AD pathologic mechanisms. 

AD as a Multifactorial Disease: Beyond Amyloid 
The growing evidence on AD pathogenesis is depicting a new conceptual and

experimental framework that overcomes the mere “ amyloid cascade 

hypothesis,” leading to even more complex considerations on other factors 

that could contribute, reciprocally interact, and have a role in AD 

pathogenesis and progression. Clinicians and researchers are increasingly 

considering AD as a multifactorial disease syndrome, trying to identify the 

roles of these different factors in relation to AD pathogenesis and 

progression. In recent literature, an open issue concerns the importance and 

the weight of the different “ contributors” and their mutual interactions. A 

recent commentary of Mullane and Williams (2018) underlines the new 

consideration of AD as a “ complex cellular phase consisting of feedback and

feedforward responses of astrocytes, microglia, and vasculature” and a “ 

holistic understanding of the spatial, temporal and cellular aspects of the 
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disease process” ( De Strooper and Karran, 2016 ) is required. In their 

commentary, authors did not question the already-known notions about Aβ 

burden as a key pathological feature in AD, but they suggest a complex 

framework that goes “ beyond amyloid” in the understanding of AD 

pathogenesis. This concept also depends by clinical evidence that shows 

substantial independence of neurodegenerative signs (such as Aβ 

accumulation) from cognitive status: it has been shown that the removal of 

Aβ from AD brain could not have positive effects on cognition. This 

consideration also suggests that the amyloid cascade hypothesis of AD could

be rejected ( Egan et al., 2018 ). 

In the perspective of AD as a multifactorial disease, recent studies present 

many causal factors implicated in AD. These factors include inflammation (

McGeer et al., 1990 ), neurotoxic protein accumulation in the brain ( Boland 

et al., 2018 ) that can be associated in part with sleep deprivation, disruption

of the glymphatic system and blood–brain barrier (BBB) dysfunction ( Jessen 

et al., 2015 ; Sweeney and Zlokovic, 2018 ), oxidative stress, and microglia 

dysfunction. None of these factors could provoke, independently, AD 

occurrence, but their combinations and interactions could have a role in 

facilitating its occurrence. The role of these contributing factors could clarify 

the fact that a high percentage of individuals that present signs of AD, such 

as amyloid plaques, do not show impairment in cognition ( Aizenstein et al., 

2008 ); and, on the contrary, it is possible to develop AD without observed 

amyloid signs in the brain ( Nelson et al., 2011 ; Herrup, 2015 ). 
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Within this new framework, the most relevant issue concerns how sleep is 

inserting in the mechanistic pathways underlying AD pathogenesis, to 

develop new preventive and early intervention strategies. 

It is important to underline that many recent contributions investigated sleep

also in relation to tau protein with dissociated findings for changes of Aβ and 

tau (e. g., Holth et al., 2017 ). Also, for this reason, the relationship between 

sleep and tau is not the subject of the present review. 

The Role of Sleep in Clearing the Brain of Toxic Metabolic 
By-Products 
Recent reports indicate a strict relation between disrupted sleep, brain 

glymphatic system, and AD ( O’Donnel et al., 2015 ; Krueger et al., 2016 ). 

Removing waste from the central nervous system is crucial for the 

maintenance of brain homeostasis during life span, and, at this purpose, the 

role of the glymphatic system has been profoundly investigated. The 

glymphatic system includes a perivascular network for CSF transport ( Iliff et 

al., 2012 ) connected to a downstream lymphatic system ( Aspelund et al., 

2015 ; Louveau et al., 2015 ). Xie and colleagues (2013) conducted the first 

pioneering studies that showed as Aβ protein was transported from the 

interstitial fluid space and out of the brain through the glymphatic system. 

The association between sleep and glymphatic system derived from 

evidence that demonstrate as sleep (with particular reference to SWS) 

augmented the action of the glymphatic system in clearing Aβ from the brain

if compared with wakefulness state, suggesting a possible beneficial role of 

sleep also in intervention strategies with the aim of ameliorate cognitive 

status ( Benveniste, 2018 ). The role of SWS in the clearance of Aβ via 
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glymphatic system was tested by Xie and co-workers in an animal model: Aβ 

in rodent brain was cleared significantly faster in the cortex during SWS if 

compared with wakefulness. Although the presence of a glymphatic system 

in the human brain has not been proven, several correlation studies based 

on the investigation of the relationship between Aβ levels in the CSF and 

sleep/wake variables—together with SD deprivation evidence—hypothesized 

a plausible presence of a glymphatic system also in the human brain (

Volkow et al., 2012 ; Xie et al., 2013 ). Furthermore, other evidence refers, 

specifically, to i) SWS disruption with a parallel increase in CSF Aβ levels ( Ju 

et al., 2017 ) and ii) correlation of subjective measures regarding sleep 

duration and Aβ levels in the brain ( Spira et al., 2013 ). 

Again, the importance of sleep in Aβ clearance has also been confirmed in 

relation with a significant increase in interstitial fluid space volume at the 

cortex level in sleeping rodents than in wakefulness periods ( Xie et al., 2013

; Ding et al., 2016 ). 

Animal and human models showed that Aβ levels in the interstitial fluid 

undergo diurnal oscillations ( Musiek et al., 2015 ) that seem to be due to 

decreased neural activity in SWS during NREM sleep in some brain areas, 

which could be linked to a decrement in Aβ production. Considering the 

specificity of SWS in clearing Aβ, a series of new experimental protocols have

been conducted to clarify the role of SWS on the light of the new findings 

mentioned above. 
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The Relation Between Slow-Wave Activity (Swa), Nrem 
Oscillation Components, β-Amyloid Burden, and Brain 
Structural and Functional Differences 
By reviewing recent literature on sleep and AD relationship, it is evident that 

most experimental contributions have been conducted in healthy samples, in

line with the concept of investigating the earliest preclinical pathological 

events related to AD and the possibility to target preventive and early-based 

sleep intervention. 

Furthermore, the most recent innovative framework in the field of sleep and 

AD relationship derives from another new methodological perspective. The 

most important findings of the last decade show as the combination of 

different measurements represent the best overview to provide a complete 

vision of anatomical, electrophysiological, metabolic, and behavioral aspects 

underlying this relationship ( Supplementary Table 1 ). In the light of SD 

animal and human models mentioned above, it emerges the need for 

examining specific brain regions—related to sleep—involved in AD 

pathogenesis. It becomes essential to investigate the complex interactions 

among the features related to AD with particular reference to the 

mechanistic pathways that could link specific Aβ accumulation in the brain, 

sleep state, and cognitive impairment (memory, at first). 

Concerning the electrophysiological measurement of brain activity, the 

investigation of changes in electrical oscillations of sleep through EEG, with 

particular reference to NREM constituent oscillations—such as slow 

oscillations and sleep spindles—acquires great importance in this research 

line. 
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In particular, one quantification of slow waves entails the measurement of 

spectral EEG power in the 0. 5- to 4. 5-Hz range during SWS, also known as 

SWA. Studies conducted in healthy populations showed significant SWA 

power reductions with aging progression ( Dijk et al., 1989 ; Landolt et al., 

1996 ; Mander et al., 2013 ). In particular, the highest decreases in SWA are 

observed within the prefrontal cortex (PFC) during the first part of the night, 

in correspondence with the first NREM cycle ( Landolt et al., 1996 ; Mander et

al., 2013 ). 

Slow wave is strictly related to gray matter within specific PFC regions: 

atrophy in these brain areas seems to predict the degree of changes in 

NREM slow-wave characteristics in elderly populations ( Mander et al., 2013 ;

Varga et al., 2016 ). 

At this purpose, a relevant contribution of Mander and co-workers (2013) 

that combined MRI, fMRI, EEG, and memory measurements demonstrated 

that atrophy in the prefrontal gray matter predicted NREM SWA disruption, 

and the interaction between those measures predicted cognitive 

performance in overnight episodic memory retention. fMRI scans obtained 

during memory task showed that memory impairment was related to 

continuous hippocampal activation and reduced connectivity between the 

hippocampus and prefrontal cortex ( Mander et al., 2013 ). 

Considering the importance of the early Aβ accumulation in the brain, SWA 

has been investigated in relation to Aβ levels in CSF and memory 

consolidation. It is well known that Aβ’s earliest occurrence appears at the 

cortical level and also includes the medial Prefrontal Cortex (mPFC) (
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Buckner et al., 2005 ). Indeed, subcortical structures are affected 

successively. For this reason, Mander et al. (2015) hypothesized involving 

the hippocampus since the preclinical stage of AD (clearly observed with 

early memory impairment) with regards the indirect pathways in which Aβ 

could impact the hippocampal–neocortical functioning. The hypothesized 

pathway is a sort of loop that includes NREM sleep disruption, SWA, and 

memory destruction ( Mander et al., 2013 ). 

The same research group conducted a successive study ( Mander et al., 2015

) on older adult population ( n = 26), to clarify whether the extent of Aβ 

accumulation at mPFC level was related to decreased NREM SWA. 

Furthermore, the authors had the aim of proving whether NREM SWA 

correlated with the degree of memory impairment. Memory evaluation 

referred, specifically, to overnight hippocampus-dependent memory 

consolidation. Experimental protocol combined PET-PiB scanning to measure 

regional Aβ burden for one night of sleep EEG recording of behavioral and 

functional fMRI for sleep-dependent memory consolidation. This elegant 

study is the first evidence to demonstrate the correlation between cortical 

Aβ and impaired generation of NREM SWS, also related to the prediction of 

successive decline in the hippocampal–neocortical memory transformation 

and related overnight memory retention. The results of this study extend 

prior studies that showed the association among the accumulation of Aβ 

within mPFC, the NREM SWA impairment, and the further correlation of 

disrupted NREM SWA with impaired hippocampal–neocortical memory 

transformation and related overnight memory retention. Taken together, 

these results provide important insights at anatomical and 
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electrophysiological levels, as discussed by the authors ( Mander et al., 2015

). Anatomically, through the analyses of source localization, a 

correspondence of mPFC regions impacted early by Aβ burden and slow-

wave generator has been observed in healthy young adults ( Sepulcre et al., 

2013 ; Mander et al., 2015 ). At the electrophysiological level, an important 

distinction within the delta frequency range (1–4 Hz) emerges: the relation 

between Aβ and NREM SWA regards only the low-frequency range of SWA (0.

6–1 Hz). So it suggests that only this specific frequency range is associated 

with Aβ pathology. 

Considering microstructural features of NREM sleep, both amplitude and 

density of slow waves are significantly reduced across aging ( Dubè et al., 

2015 ), showing the largest changes over the frontal lobe and be maximal 

during the greatest expression of NREM oscillation, in the first one to two 

NREM cycles. These changes in the morphology of waveforms could be due 

to the diminishing of synchronized neuronal firing that causes sleep 

oscillations, provoked by a disruption in the slow wave depolarized or 

hyperpolarized down states that shape the slow wave ( Beenhakker and 

Huguenard, 2009 ; Mander et al., 2017 ). Within the same frequency range of

slow waves, AD patients compared with healthy controls show a 40% 

decrease of frontal spontaneous K complex during NREM sleep, and this 

decrease was positively related with Mini Mental State Examination (MMSE) 

scores ( De Gennaro et al., 2017 ). The lack of a similar decrease in the 

amount of SWA suggests that the <1-Hz slow activity could be the potential 

sleep EEG marker, even though it does not differentiate AD from MCI 

patients ( Reda et al., 2017 ). 
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Concerning sleep spindles, these NREM characteristic features reflect 

transient bursts of oscillatory activity in the 12- to 15-Hz range and are 

generated through an interaction between cortico-thalamic networks and 

reticular nucleus of the thalamus ( De Gennaro and Ferrara, 2003 ). Rauchs 

and colleagues (2008) , for the first time, reported a specific decrease in 

spindle in AD patients in association with learning abilities, underlying that 

these changes involved only fast spindles (13–15 Hz). Other studies 

demonstrated that the spectral power in this frequency range is decreased in

middle-aged and older adults relative to young adults and is maximal over 

frontal EEG derivations ( De Gennaro and Ferrara, 2003 ; Mander et al., 2014

). A decreased rate of sleep spindles in older adults is also negatively 

associated with structural brain integrity: empirical evidence points to 

subcortical reductions in the gray matter within the hippocampus, and this 

decrement seems to predict the extent of decreased sleep spindle density at

frontal lobe level in older adults ( Fogel et al., 2017 ). In 2012, Wersterberg 

and colleagues investigated sleep physiology and memory in amnestic MCI 

patients (aMCI; n = 10) during stage 2 (i. e., the sleep stage where spindle 

activity is maximally expressed). The results showed that aMCI patients had 

fewer stage 2 spindles than aged-matched healthy adults ( n = 18). 

Furthermore, aMCI patients, if compared with controls, show less time spent 

in SWS and lower delta and theta power. Importantly, sleep deficiency in 

aMCI was also implicated in declarative memory consolidation: altered sleep 

patterns seem to contribute to memory impairments by contrasting with 

sleep-dependent memory consolidation. In this study, reduced stage 2 

spindles regarded fast (typically 13–15 Hz) but not slow spindles, in line with 
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previous contributions that showed that fast spindles are most disrupted in 

AD ( Rauchs et al., 2008 ), and these reductions were observed at frontal 

recording sites ( Bliwise, 1993 ). A decrease of parietal fast spindle density in

AD and MCI patients compared with healthy controls was confirmed by 

others ( Gorgoni et al., 2016 ). This decrease positively correlated with MMSE

scores. 

The role of NREM activity, including the expression of sleep spindle EEG 

oscillations, has been further investigated by Mander and colleagues (2014) .

The authors started from the hypothesis that sleep could have a role in 

improving learning ability, in terms of better restoring next-day encoding 

learning abilities (e. g., Yoo et al., 2007 ). This role could be due, specifically, 

to the activity of fast-frequency sleep spindles over the left prefrontal cortex,

as previously observed in healthy young adults ( Mander et al., 2011 ). 

Experimental protocol combined fMRI and EEG recordings to i) evaluate the 

role of prefrontal fast sleep spindles in predicting next-day episodic encoding

ability and ii) assess whether disruption in this EEG activity decreases the 

effectiveness of this positive benefit on hippocampal-dependent episodic 

learning ability. 

The results showed that decreased prefrontal sleep spindle in older adults 

statistically mediated the effect of old age on next-day episodic learning and 

that the extent of this impairment in learning ability seems to depend on the 

degree of decreased prefrontal sleep spindles. Prefrontal spindle activity also

seems to be related to hippocampal activation and could have an impact on 

learning ability in post-sleep phase. These results contribute to confirming 

https://assignbuster.com/sleep-and-amyloid-deposition-in-alzheimer-disease-
insights-on-mechanisms-and-possible-innovative-treatments/



 Sleep and β-amyloid deposition in alzhei... – Paper Example  Page 27

the hypothesis that disrupted sleep physiology has a role in the age-related 

cognitive decline in later life ( Mander et al., 2014 ). 

It is interesting to note that there is a strong resemblance concerning source 

generators of NREM SWS oscillations, which preponderate at mPFC level, and

brain areas in which Aβ mainly accumulate in both cognitively healthy older 

adults and AD patients (e. g., Murphy et al., 2009 ). 

NREM SWS disruption is exacerbated early in the course of AD, and this 

decrease predicts the severity of observed memory impairment (

Wersterberg et al., 2012 ; Liguori et al., 2014 ). Finally, recent studies in 

human and rodents demonstrate that interstitial Aβ levels rise and fall with 

the brain states of wake and NREM sleep, respectively: shorter NREM 

duration and greater NREM fragmentation have been reported in mice over-

expressing Aβ proteins ( Kang et al., 2009 ; Roh et al., 2012 ), while human 

subjective reports of reduced sleep duration and diminished sleep quality 

correlate with cortical Aβ burden in healthy older adults ( Spira et al., 2013 ).

Moreover, direct manipulations of sleep and Aβ production in rodent models 

of AD have established bidirectional relationships between both factors (

Kang et al., 2009 ; Roh et al., 2012 ; Xie et al., 2013 ). 

The role of disrupted NREM sleep in contributing to the impairment of new 

hippocampal-based memory has also been evaluated through an interesting 

experimental method. Evidence shows that disturbing deep NREM sleep by 

applying acoustic stimulation during SWS coupled with spindle activity [when

clicks are presented in synchrony with upcoming slow oscillation (SO) up 
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states] had an impact on next-day cognitive performance ( Ngo et al., 2013

). 

The experimentally induced increase in NREM SWA (in particular in the slow 

<1-Hz frequency range) seems causally enhancing subsequent consolidation

and, thus, long-term memory retention in young adults ( Marshall et al., 2006

). In sleeping humans, Ngo and colleagues (2013) applied auditory 

stimulation in the phase with the ongoing slow oscillatory EEG activity, in 

order to enhance train of slow-wave oscillation (SO; <1 Hz) and assess next-

day memory performance. Results show that declarative memory improved 

after stimulation, but only after in-phase stimulation with the ongoing slow 

oscillation rhythm ( Ngo et al., 2013 ), underlying the possible role of SO in 

getting better memory performance. 

These findings suggest that the effectiveness of acoustic stimulation in 

enhancing SO and improving memory performance could be mainly due to 

the timing in phase with slow oscillatory activity, as shown also in 

transcranial direct current stimulation: the experimental augmentation of SO

intensity improved cognitive abilities, in terms of better performance in post-

sleep hippocampal-dependent learning capacity ( Antonenko et al., 2013 ). 

To summarize, the role of SWS NREM components discussed above could 

inspire new experimental intervention approaches, based on non-invasive, 

low-cost, and effective preventive strategies. 
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Possible Innovative Treatments 
The importance of developing sleep preventive and intervention strategies 

derives from the assumption that sleep could be considered as a modifiable 

and treatable risk factor for AD. 

Some behavioral practices are well known and of concern, at first, due to the

use of sleep hygiene in AD. In general, sleep hygiene guidelines suggest 

some preventive behaviors in terms of i) limiting the use of psychoactive 

substances (e. g., caffeine, alcohol, or smoking); ii) avoiding light exposure 

from television or computer in the evening; iii) practicing regular physical 

exercise; and iv) keeping constant bed and wake times with adequate light 

exposure upon waking (e. g., McCurry et al., 2012 ). 

Some evidence suggests that physical and social activities could improve 

sleep quality, and the major benefits derived from multimodal treatments 

that combine sleep hygiene education, light physical exercise (walking), and 

bright light therapy have been observed ( McCurry et al., 2005 ). 

Concerning pharmacological treatment of sleep deficiency in AD, three drugs

have been tested as alternatives to traditional hypnotics: melatonin, 

trazodone, and ramelteon ( Mccleery et al., 2014 ), but the reported efficacy 

only concerned mild, moderate, and severe AD patients, without being 

proved in preclinical stages of AD. 

In general, the effectiveness of melatonin is the most investigated. A recent 

review ( Xu et al., 2015 ) evaluated the effectiveness of melatonin 

assumption for sleep disturbance and cognitive function in dementia patients
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observed in seven studies ( n = 520). Results showed that the use of 

melatonin protracted total sleep time (TST) and, marginally, sleep efficiency, 

but cognitive function did not change significantly. 

Going beyond the already known non-pharmacological strategies, in the light

of the new findings on the role of SWS related to AD, it is possible to propose

a possible intervention based on NREM SWS. In particular, Mander and 

colleagues (2016) suggest that NREM sleep enhancement in midlife to late 

life may lead to a preventive positive effect that could decrease AD risk, 

probably improving Aβ clearance or combating oxidative stress. 

Consequently, sleep restoration could also improve memory consolidation. 

Those authors suggest several promising tools for achieving NREM SWS 

enhancement benefit, with particular reference to <1-Hz NREM SWA. 

Currently, the experimental results associated with <1-Hz NREM SWA are 

contrasting: transcranial Direct Current Stimulation (tDCS) in the <1-Hz 

range seems to be effective in memory consolidation in young and older 

adults, in patients with schizophrenia, in individuals with attention-deficit 

hyperactivity disorders, and in patients with lobe epilepsy ( Prehn-Kristensen 

et al., 2014 ; Del Felice et al., 2015 ). The results of other contributions show 

no benefits in memory consolidation in young and older adults ( Eggert et al.,

2013 ; Sahlem et al., 2015 ). 

Enhancement of <1-Hz NREM SWA was also tested through auditory closed-

loop stimulation during NREM SWS with promising positive outcomes on 

hippocampus-dependent memory consolidation ( Ngo et al., 2013 ; 

Papalambros et al., 2017 ). Closed loop in phase auditory stimulation at low 
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intensity might be considered a novel implement to improve restorative 

aspects of sleep rhythms, also in case of sleep disturbance ( Riemann et al., 

2011 ). 

It is not possible to assume the real effectiveness of these methods, 

because, in our knowledge, there is no evidence of long-term benefits of this 

<1-Hz NREM SWA enhancement. 

Concluding Remarks 
This review recapitulates recent contributions on the relationship between 

sleep and Aβ. Evidence from the last decade, deriving from sleep 

disturbances and sleep deprivation in relation with Aβ, raises important 

conceptual and methodological issues in the field of AD research. The 

concept of AD as a multifactorial disease is growing up, and, consequently, 

the need for exploring different contributing factors in the pathogenesis and 

progression of the disease becomes fundamental in future perspectives. 

The current findings on the relationship between sleep and Aβ have been 

providing important contributions i) to increase the understanding of the 

mechanisms underlined this relationship; ii) to understand the role of the 

different sleep stages in the pathogenesis and progression of AD; and iii) to 

target innovative, non-invasive intervention strategies based on sleep 

restoration. 

Reviewing recent literature, the major contributions derive from studies that 

combine more measurements and foresee longitudinal experimental 

designs, extending their focus on many contributing factors, overlapping the 
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mere amyloid cascade hypothesis. Currently, these studies are few, and 

further investigations are needed to confirm and extend the new promising 

finding in the field of sleep and AD. 

Author Contributions 
SC wrote the manuscript with the contribution of LA in the bibliography 

search and in phase of writing. PR and LG have contributed and supervised 

to all the writing phases of the review. All authors agree to the final 

submitted version. 

Conflict of Interest Statement 
The authors declare that the research was conducted in the absence of any 

commercial or financial relationships that could be construed as a potential 

conflict of interest. 

Supplementary Material 
The Supplementary Material for this article can be found online at: 

https://www. frontiersin. org/articles/10. 3389/fphar. 2019. 

00695/full#supplementary-material 

References 
Aizenstein, H. J., Nebes, R. D., Saxton, J. A., Price, J. C., Mathis, C. A., 

Tsopelas, N. D., et al. (2008). Frequent amyloid deposition without significant

cognitive impairment among the elderly. Arch. Neurol. 65, 1509–1517. doi: 

10. 1001/archneur. 65. 11. 1509 

PubMed Abstract | CrossRef Full Text | Google Scholar 

https://assignbuster.com/sleep-and-amyloid-deposition-in-alzheimer-disease-
insights-on-mechanisms-and-possible-innovative-treatments/

http://scholar.google.com/scholar_lookup?author=H.%20J.+Aizenstein&author=R.%20D.+Nebes&author=J.%20A.+Saxton&author=J.%20C.+Price&author=C.%20A.+Mathis&author=N.%20D.+Tsopelas&publication_year=2008&title=Frequent%20amyloid%20deposition%20without%20significant%20cognitive%20impairment%20among%20the%20elderly&journal=Arch.+Neurol.&volume=65&pages=1509
https://doi.org/10.1001/archneur.65.11.1509
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=19001171
https://www.frontiersin.org/articles/10.3389/fphar.2019.00695/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fphar.2019.00695/full#supplementary-material


 Sleep and β-amyloid deposition in alzhei... – Paper Example  Page 33

Antonenko, D., Diekelmann, S., Olsen, C., Born, J., Mölle, M. (2013). Napping 

to renew learning capacity: enhanced encoding after stimulation of sleep 

slow oscillations. Eur. J. Neurosci. 37 (7), 1142–1151. doi: 10. 1111/ejn. 

12118 

PubMed Abstract | CrossRef Full Text | Google Scholar 

Aspelund, A., Antila, S., Proulx, S. T., Karlsen, T. V., Karaman, S., Detmar, M., 

et al. (2015). A dural lymphatic vascular system that drains brain interstitial 

fluid and macromolecules. J. Exp. Med. 212 (7), 991–999. doi: 10. 1084/jem. 

20142290 

PubMed Abstract | CrossRef Full Text | Google Scholar 

Bakker, A., Krauss, G. L., Albert, M. S., Speck, C. L., Jones, L. R., Stark, C. E., 

et al. (2012). Reduction of hippocampal hyperactivity improves cognition in 

amnestic mild cognitive impairment. Neuron 74 (3), 467–474. doi: 10. 1016/j.

neuron. 2012. 03. 023 

PubMed Abstract | CrossRef Full Text | Google Scholar 

Bali, J., Gheinani, A. H., Zurbriggen, S., Rajendran, L. (2012). Role of genes 

linked to sporadic Alzheimer’s disease risk in the production of β-amyloid 

peptides. Proc. Natl. Acad. Sci. U. S. A. 109 (38), 15307–15311. doi: 10. 

1073/pnas. 1201632109 

PubMed Abstract | CrossRef Full Text | Google Scholar 

https://assignbuster.com/sleep-and-amyloid-deposition-in-alzheimer-disease-
insights-on-mechanisms-and-possible-innovative-treatments/

http://scholar.google.com/scholar_lookup?author=J.+Bali&author=A.%20H.+Gheinani&author=S.+Zurbriggen&author=L.+Rajendran&publication_year=2012&title=Role%20of%20genes%20linked%20to%20sporadic%20Alzheimer%E2%80%99s%20disease%20risk%20in%20the%20production%20of%20%CE%B2-amyloid%20peptides&journal=Proc.+Natl.+Acad.+Sci.+U.+S.+A.&volume=109&pages=15307
https://doi.org/10.1073/pnas.1201632109
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=22949636
http://scholar.google.com/scholar_lookup?author=A.+Bakker&author=G.%20L.+Krauss&author=M.%20S.+Albert&author=C.%20L.+Speck&author=L.%20R.+Jones&author=C.%20E.+Stark&publication_year=2012&title=Reduction%20of%20hippocampal%20hyperactivity%20improves%20cognition%20in%20amnestic%20mild%20cognitive%20impairment&journal=Neuron&volume=74&pages=467
https://doi.org/10.1016/j.neuron.2012.03.023
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=22578498
http://scholar.google.com/scholar_lookup?author=A.+Aspelund&author=S.+Antila&author=S.%20T.+Proulx&author=T.%20V.+Karlsen&author=S.+Karaman&author=M.+Detmar&publication_year=2015&title=A%20dural%20lymphatic%20vascular%20system%20that%20drains%20brain%20interstitial%20fluid%20and%20macromolecules&journal=J.+Exp.+Med.&volume=212&pages=991
https://doi.org/10.1084/jem.20142290
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=26077718
http://scholar.google.com/scholar_lookup?author=D.+Antonenko&author=S.+Diekelmann&author=C.+Olsen&author=J.+Born&author=M.+M%C3%B6lle&publication_year=2013&title=Napping%20to%20renew%20learning%20capacity%3A%20enhanced%20encoding%20after%20stimulation%20of%20sleep%20slow%20oscillations&journal=Eur.+J.+Neurosci.&volume=37&pages=1142
https://doi.org/10.1111/ejn.12118
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=23301831


 Sleep and β-amyloid deposition in alzhei... – Paper Example  Page 34

Barth, A. L., Poulet, J. F. A. (2012). Experimental evidence for sparse firing in 

the neocortex. Trends Neurosci. 35, 345–355. doi: 10. 1016/j. tins. 2012. 03. 

008 

PubMed Abstract | CrossRef Full Text | Google Scholar 

Beenhakker, M. P., Huguenard, J. R. (2009). Neurons that fire together also 

conspire together: is normal sleep circuitry hijacked to generate epilepsy? 

Neuron 62 (5), 612–632. doi: 10. 1016/j. neuron. 2009. 05. 015 

PubMed Abstract | CrossRef Full Text | Google Scholar 

Benveniste, H. (2018). The brain’s waste-removal system. Cerebrum , pii: 

cer–09-18. 

Google Scholar 

Bliwise, D. L. (1993). Sleep in normal aging and dementia. Sleep 16 (1), 40–

81. doi: 10. 1093/sleep/16. 1. 40 

PubMed Abstract | CrossRef Full Text | Google Scholar 

Boespflug, E. L., Iliff, J. J. (2018). The emerging relationship between 

interstitial fluid–cerebrospinal fluid exchange, amyloid-β, and sleep. Biol. 

Psychiatry 83 (4), 328–336. doi: 10. 1016/j. biopsych. 2017. 11. 031 

PubMed Abstract | CrossRef Full Text | Google Scholar 

Boland, B., Yu, W. H., Corti, O., Mollereau, B., Henriques, A., Bezard, E., et al. 

(2018). Promoting the clearance of neurotoxic proteins in neurodegenerative

https://assignbuster.com/sleep-and-amyloid-deposition-in-alzheimer-disease-
insights-on-mechanisms-and-possible-innovative-treatments/

http://scholar.google.com/scholar_lookup?author=E.%20L.+Boespflug&author=J.%20J.+Iliff&publication_year=2018&title=The%20emerging%20relationship%20between%20interstitial%20fluid%E2%80%93cerebrospinal%20fluid%20exchange%2C%20amyloid-%CE%B2%2C%20and%20sleep&journal=Biol.+Psychiatry&volume=83&pages=328
https://doi.org/10.1016/j.biopsych.2017.11.031
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=29279202
http://scholar.google.com/scholar_lookup?author=D.%20L.+Bliwise&publication_year=1993&title=Sleep%20in%20normal%20aging%20and%20dementia&journal=Sleep&volume=16&pages=40
https://doi.org/10.1093/sleep/16.1.40
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=8456235
http://scholar.google.com/scholar_lookup?author=H.+Benveniste&publication_year=2018&title=The%20brain%E2%80%99s%20waste-removal%20system&journal=Cerebrum&
http://scholar.google.com/scholar_lookup?author=M.%20P.+Beenhakker&author=J.%20R.+Huguenard&publication_year=2009&title=Neurons%20that%20fire%20together%20also%20conspire%20together%3A%20is%20normal%20sleep%20circuitry%20hijacked%20to%20generate%20epilepsy&journal=Neuron&volume=62&pages=612
https://doi.org/10.1016/j.neuron.2009.05.015
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=19524522
http://scholar.google.com/scholar_lookup?author=A.%20L.+Barth&author=J.%20F.%20A.+Poulet&publication_year=2012&title=Experimental%20evidence%20for%20sparse%20firing%20in%20the%20neocortex&journal=Trends+Neurosci.&volume=35&pages=345
https://doi.org/10.1016/j.tins.2012.03.008
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=22579264


 Sleep and β-amyloid deposition in alzhei... – Paper Example  Page 35

disorders of ageing. Nat. Rev. Drug Discov. 17 (9), 660–688. doi: 10. 

1038/nrd. 2018. 109 

PubMed Abstract | CrossRef Full Text | Google Scholar 

Bonner, J. M., Boulianne, G. L. (2011). Drosophila as a model to study age-

related neurodegenerative disorders: Alzheimer’s disease. Exp. Gerontol. 46 

(5), 335–339. doi: 10. 1016/j. exger. 2010. 08. 004 

PubMed Abstract | CrossRef Full Text | Google Scholar 

Buckner, R. L., Snyder, A. Z., Shannon, B. J., LaRossa, G., Sachs, R., Fotenos, 

A. F., et al. (2005). Molecular, structural, and functional characterization of 

Alzheimer’s disease: evidence for a relationship between default activity, 

amyloid, and memory. J. Neurosci. 25 (34), 7709–7717. doi: 10. 

1523/JNEUROSCI. 2177-05. 2005 

PubMed Abstract | CrossRef Full Text | Google Scholar 

Carvalho, D. Z., St Louis, E. K., Knopman, D. S., Boeve, B. F., Lowe, V. J., 

Roberts, R. O., et al. (2018). Association of excessive daytime sleepiness 

with longitudinal β-amyloid accumulation in elderly persons without 

dementia. JAMA Neurol. 75 (6), 672–680. doi: 10. 1001/jamaneurol. 2018. 

0049 

PubMed Abstract | CrossRef Full Text | Google Scholar 

Cedernaes, J., Osorio, R. S., Varga, A. W., Kam, K., Schiöth, H. B., Benedict, C.

(2017). Candidate mechanisms underlying the association between sleep–

https://assignbuster.com/sleep-and-amyloid-deposition-in-alzheimer-disease-
insights-on-mechanisms-and-possible-innovative-treatments/

http://scholar.google.com/scholar_lookup?author=D.%20Z.+Carvalho&author=E.%20K.+St%20Louis&author=D.%20S.+Knopman&author=B.%20F.+Boeve&author=V.%20J.+Lowe&author=R.%20O.+Roberts&publication_year=2018&title=Association%20of%20excessive%20daytime%20sleepiness%20with%20longitudinal%20%CE%B2-amyloid%20accumulation%20in%20elderly%20persons%20without%20dementia&journal=JAMA+Neurol.&volume=75&pages=672
https://doi.org/10.1001/jamaneurol.2018.0049
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=29532057
http://scholar.google.com/scholar_lookup?author=R.%20L.+Buckner&author=A.%20Z.+Snyder&author=B.%20J.+Shannon&author=G.+LaRossa&author=R.+Sachs&author=A.%20F.+Fotenos&publication_year=2005&title=Molecular%2C%20structural%2C%20and%20functional%20characterization%20of%20Alzheimer%E2%80%99s%20disease%3A%20evidence%20for%20a%20relationship%20between%20default%20activity%2C%20amyloid%2C%20and%20memory&journal=J.+Neurosci.&volume=25&pages=7709
https://doi.org/10.1523/JNEUROSCI.2177-05.2005
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=16120771
http://scholar.google.com/scholar_lookup?author=J.%20M.+Bonner&author=G.%20L.+Boulianne&publication_year=2011&title=Drosophila%20as%20a%20model%20to%20study%20age-related%20neurodegenerative%20disorders%3A%20Alzheimer%E2%80%99s%20disease&journal=Exp.+Gerontol.&volume=46&pages=335
https://doi.org/10.1016/j.exger.2010.08.004
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=20719244
http://scholar.google.com/scholar_lookup?author=B.+Boland&author=W.%20H.+Yu&author=O.+Corti&author=B.+Mollereau&author=A.+Henriques&author=E.+Bezard&publication_year=2018&title=Promoting%20the%20clearance%20of%20neurotoxic%20proteins%20in%20neurodegenerative%20disorders%20of%20ageing&journal=Nat.+Rev.+Drug+Discov.&volume=17&pages=660
https://doi.org/10.1038/nrd.2018.109
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=30116051


 Sleep and β-amyloid deposition in alzhei... – Paper Example  Page 36

wake disruptions and Alzheimer’s disease. Sleep Med. Rev. 31, 102–111. doi:

10. 1016/j. smrv. 2016. 02. 002 

PubMed Abstract | CrossRef Full Text | Google Scholar 

Chauvette, S., Volgushev, M., Timofeev, I. (2010). Origin of active states in 

local neocortical networks during slow sleep oscillation. Cereb. Cort. 20, 

2660–2674. doi: 10. 1093/cercor/bhq009 

CrossRef Full Text | Google Scholar 

Chee, M. W., Chuah, L. Y. (2008). Functional neuroimaging insights into how 

sleep and sleep deprivation affect memory and cognition. Curr. Opin. Neurol.

21 (4), 417–423. doi: 10. 1097/WCO. 0b013e3283052cf7 

PubMed Abstract | CrossRef Full Text | Google Scholar 

Chemelli, R. M., Willie, J. T., Sinton, C. M., Elmquist, J. K., Scammell, T., Lee, 

C., et al. (1999). Narcolepsy in orexin knockout mice: molecular genetics of 

sleep regulation. Cell 98 (4), 437–451. doi: 10. 1016/S0092-8674(00)81973-X

PubMed Abstract | CrossRef Full Text | Google Scholar 

Chen, D. W., Wang, J., Zhang, L. L., Wang, Y. J., Gao, C. Y. (2018). 

Cerebrospinal fluid amyloid-β levels are increased in patients with insomnia. 

J. Alzheimers Dis. 61 (2), 645–651. doi: 10. 3233/JAD-170032 

PubMed Abstract | CrossRef Full Text | Google Scholar 

https://assignbuster.com/sleep-and-amyloid-deposition-in-alzheimer-disease-
insights-on-mechanisms-and-possible-innovative-treatments/

http://scholar.google.com/scholar_lookup?author=D.%20W.+Chen&author=J.+Wang&author=L.%20L.+Zhang&author=Y.%20J.+Wang&author=C.%20Y.+Gao&publication_year=2018&title=Cerebrospinal%20fluid%20amyloid-%CE%B2%20levels%20are%20increased%20in%20patients%20with%20insomnia&journal=J.+Alzheimers+Dis.&volume=61&pages=645
https://doi.org/10.3233/JAD-170032
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=29278891
http://scholar.google.com/scholar_lookup?author=R.%20M.+Chemelli&author=J.%20T.+Willie&author=C.%20M.+Sinton&author=J.%20K.+Elmquist&author=T.+Scammell&author=C.+Lee&publication_year=1999&title=Narcolepsy%20in%20orexin%20knockout%20mice%3A%20molecular%20genetics%20of%20sleep%20regulation&journal=Cell&volume=98&pages=437
https://doi.org/10.1016/S0092-8674(00)81973-X
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=10481909
http://scholar.google.com/scholar_lookup?author=M.%20W.+Chee&author=L.%20Y.+Chuah&publication_year=2008&title=Functional%20neuroimaging%20insights%20into%20how%20sleep%20and%20sleep%20deprivation%20affect%20memory%20and%20cognition&journal=Curr.+Opin.+Neurol.&volume=21&pages=417
https://doi.org/10.1097/WCO.0b013e3283052cf7
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=18607201
http://scholar.google.com/scholar_lookup?author=S.+Chauvette&author=M.+Volgushev&author=I.+Timofeev&publication_year=2010&title=Origin%20of%20active%20states%20in%20local%20neocortical%20networks%20during%20slow%20sleep%20oscillation&journal=Cereb.+Cort.&volume=20&pages=2660
https://doi.org/10.1093/cercor/bhq009
http://scholar.google.com/scholar_lookup?author=J.+Cedernaes&author=R.%20S.+Osorio&author=A.%20W.+Varga&author=K.+Kam&author=H.%20B.+Schi%C3%B6th&author=C.+Benedict&publication_year=2017&title=Candidate%20mechanisms%20underlying%20the%20association%20between%20sleep%E2%80%93wake%20disruptions%20and%20Alzheimer%E2%80%99s%20disease&journal=Sleep+Med.+Rev.&volume=31&pages=102
https://doi.org/10.1016/j.smrv.2016.02.002
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=26996255


 Sleep and β-amyloid deposition in alzhei... – Paper Example  Page 37

Cross, N., Terpening, Z., Rogers, N. L., Duffy, S. L., Hickie, I. B., Lewis, S. J., et

al. (2015). Napping in older people ‘ at risk’ of dementia: relationships with 

depression, cognition, medical burden and sleep quality. J. Sleep Res. 24 (5), 

494–502. doi: 10. 1111/jsr. 12313 

PubMed Abstract | CrossRef Full Text | Google Scholar 

Del Felice, A., Storti, S. F., Manganotti, P. (2015). Sleep affects cortical source

modularity in temporal lobe epilepsy: a high-density EEG study. Clin. 

Neurophysiol. 126 (9), 1677–1683. doi: 10. 1016/j. clinph. 2014. 12. 003 

PubMed Abstract | CrossRef Full Text | Google Scholar 

De Gennaro, L., Ferrara, M. (2003). Sleep spindles: an overview. Sleep Med. 

Rev. 7 (5), 423–440. doi: 10. 1053/smrv. 2002. 0252 

PubMed Abstract | CrossRef Full Text | Google Scholar 

De Gennaro, L., Gorgoni, M., Reda, F., Lauri, G., Truglia, I., Cordone, S., et al. 

(2017). The fall of sleep K-complex in Alzheimer disease. Sci. Rep. 7, 39688. 

doi: 10. 1038/srep39688 

PubMed Abstract | CrossRef Full Text | Google Scholar 

De Strooper, B., Karran, E. (2016). The cellular phase of Alzheimer’s disease. 

Cell 164 (4), 603–615. doi: 10. 1016/j. cell. 2015. 12. 056 

PubMed Abstract | CrossRef Full Text | Google Scholar 

https://assignbuster.com/sleep-and-amyloid-deposition-in-alzheimer-disease-
insights-on-mechanisms-and-possible-innovative-treatments/

http://scholar.google.com/scholar_lookup?author=B.+De%20Strooper&author=E.+Karran&publication_year=2016&title=The%20cellular%20phase%20of%20Alzheimer%E2%80%99s%20disease&journal=Cell&volume=164&pages=603
https://doi.org/10.1016/j.cell.2015.12.056
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=26871627
http://scholar.google.com/scholar_lookup?author=L.+De%20Gennaro&author=M.+Gorgoni&author=F.+Reda&author=G.+Lauri&author=I.+Truglia&author=S.+Cordone&publication_year=2017&title=The%20fall%20of%20sleep%20K-complex%20in%20Alzheimer%20disease&journal=Sci.+Rep.&volume=7&
https://doi.org/10.1038/srep39688
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=28045040
http://scholar.google.com/scholar_lookup?author=L.+De%20Gennaro&author=M.+Ferrara&publication_year=2003&title=Sleep%20spindles%3A%20an%20overview&journal=Sleep+Med.+Rev.&volume=7&pages=423
https://doi.org/10.1053/smrv.2002.0252
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=14573378
http://scholar.google.com/scholar_lookup?author=A.+Del%20Felice&author=S.%20F.+Storti&author=P.+Manganotti&publication_year=2015&title=Sleep%20affects%20cortical%20source%20modularity%20in%20temporal%20lobe%20epilepsy%3A%20a%20high-density%20EEG%20study&journal=Clin.+Neurophysiol.&volume=126&pages=1677
https://doi.org/10.1016/j.clinph.2014.12.003
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=25666728
http://scholar.google.com/scholar_lookup?author=N.+Cross&author=Z.+Terpening&author=N.%20L.+Rogers&author=S.%20L.+Duffy&author=I.%20B.+Hickie&author=S.%20J.+Lewis&publication_year=2015&title=Napping%20in%20older%20people%20%E2%80%98at%20risk%E2%80%99%20of%20dementia%3A%20relationships%20with%20depression%2C%20cognition%2C%20medical%20burden%20and%20sleep%20quality&journal=J.+Sleep+Res.&volume=24&pages=494
https://doi.org/10.1111/jsr.12313
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=26096839


 Sleep and β-amyloid deposition in alzhei... – Paper Example  Page 38

Dijk, D. J., Beersma, D. G., van den Hoofdakker, R. H. (1989). All night 

spectral analysis of EEG in young adult and middle aged male subjects. 

Neurobiol. Aging 10, 677–682. doi: 10. 1016/0197-4580(89)90004-3 

PubMed Abstract | CrossRef Full Text | Google Scholar 

Di Meco, A., Joshi, Y. B., Praticò, D. (2014). Sleep deprivation impairs 

memory, tau metabolism, and synaptic integrity of a mouse model of 

Alzheimer’s disease with plaques and tangles. Neurobiol. Aging 35 (8), 1813–

1820. doi: 10. 1016/j. neurobiolaging. 2014. 02. 011 

PubMed Abstract | CrossRef Full Text | Google Scholar 

Ding, F., O’Donnell, J., Xu, Q., Kang, N., Goldman, N., Nedergaard, M. (2016). 

Changes in the composition of brain interstitial ions control the sleep–wake 

cycle. Science (N. Y.) 352, 550. doi: 10. 1126/science. aad4821 

CrossRef Full Text | Google Scholar 

Dubé, J., Lafortune, M., Bedetti, C., Bouchard, M., Gagnon, J. F., Doyon, J., et 

al. (2015). Cortical thinning explains changes in sleep slow waves during 

adulthood. J. Neurosci. 35 (20), 7795–7807. doi: 10. 1523/JNEUROSCI. 3956-

14. 2015 

PubMed Abstract | CrossRef Full Text | Google Scholar 

Egan, M. F., Kost, J., Tariot, P. N., Aisen, P. S., Cummings, J. L., Vellas, B., et 

al. (2018). Randomized trial of verubecestat for mild-to-moderate 

https://assignbuster.com/sleep-and-amyloid-deposition-in-alzheimer-disease-
insights-on-mechanisms-and-possible-innovative-treatments/

http://scholar.google.com/scholar_lookup?author=J.+Dub%C3%A9&author=M.+Lafortune&author=C.+Bedetti&author=M.+Bouchard&author=J.%20F.+Gagnon&author=J.+Doyon&publication_year=2015&title=Cortical%20thinning%20explains%20changes%20in%20sleep%20slow%20waves%20during%20adulthood&journal=J.+Neurosci.&volume=35&pages=7795
https://doi.org/10.1523/JNEUROSCI.3956-14.2015
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=25995467
http://scholar.google.com/scholar_lookup?author=F.+Ding&author=J.+O%E2%80%99Donnell&author=Q.+Xu&author=N.+Kang&author=N.+Goldman&author=M.+Nedergaard&publication_year=2016&title=Changes%20in%20the%20composition%20of%20brain%20interstitial%20ions%20control%20the%20sleep%E2%80%93wake%20cycle&journal=Science+(N.+Y.)&volume=352&pages=550
https://doi.org/10.1126/science.aad4821
http://scholar.google.com/scholar_lookup?author=A.+Di%20Meco&author=Y.%20B.+Joshi&author=D.+Pratic%C3%B2&publication_year=2014&title=Sleep%20deprivation%20impairs%20memory%2C%20tau%20metabolism%2C%20and%20synaptic%20integrity%20of%20a%20mouse%20model%20of%20Alzheimer%E2%80%99s%20disease%20with%20plaques%20and%20tangles&journal=Neurobiol.+Aging&volume=35&pages=1813
https://doi.org/10.1016/j.neurobiolaging.2014.02.011
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=24629673
http://scholar.google.com/scholar_lookup?author=D.%20J.+Dijk&author=D.%20G.+Beersma&author=R.%20H.+van%20den%20Hoofdakker&publication_year=1989&title=All%20night%20spectral%20analysis%20of%20EEG%20in%20young%20adult%20and%20middle%20aged%20male%20subjects&journal=Neurobiol.+Aging&volume=10&pages=677
https://doi.org/10.1016/0197-4580(89)90004-3
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=2628779


 Sleep and β-amyloid deposition in alzhei... – Paper Example  Page 39

Alzheimer’s Disease. New Eng. J. Med. 378, 1691–1703. doi: 10. 

1056/NEJMoa1706441 

CrossRef Full Text | Google Scholar 

Eggert, T., Dorn, H., Sauter, C., Nitsche, M. A., Bajbouj, M., Danker-Hopfe, H. 

(2013). No effects of slow oscillatory transcranial direct current stimulation 

(tDCS) on sleep-dependent memory consolidation in healthy elderly subjects.

Brain Stimul. 6 (6), 938–945. doi: 10. 1016/j. brs. 2013. 05. 006 

PubMed Abstract | CrossRef Full Text | Google Scholar 

Fernandez, L. M. J., Comte, J.-C., Le Merre, P., Lin, J.-S., Salin, P.-A., Crochet, 

S. (2017). Highly dynamic spatiotemporal organization of low-frequency 

activities during behavioral states in the mouse cerebral cortex. Cereb. Cort. 

27, 5444–5462. doi: 10. 1093/cercor/bhw311 

CrossRef Full Text | Google Scholar 

Fogel, S., Vien, C., Karni, A., Benali, H., Carrier, J., Doyon, J. (2017). Sleep 

spindles: a physiological marker of age-related changes in gray matter in 

brain regions supporting motor skill memory consolidation. Neurobiol. Aging 

49, 154–164. doi: 10. 1016/j. neurobiolaging. 2016. 10. 009 

PubMed Abstract | CrossRef Full Text | Google Scholar 

Goel, N., Rao, H., Durmer, J. S., Dinges, D. F. (2009). Neurocognitive 

consequences of sleep deprivation. Semin. Neurol. 29 (4), 320–339. doi: 10. 

1055/s-0029-1237117 

https://assignbuster.com/sleep-and-amyloid-deposition-in-alzheimer-disease-
insights-on-mechanisms-and-possible-innovative-treatments/

http://scholar.google.com/scholar_lookup?author=S.+Fogel&author=C.+Vien&author=A.+Karni&author=H.+Benali&author=J.+Carrier&author=J.+Doyon&publication_year=2017&title=Sleep%20spindles%3A%20a%20physiological%20marker%20of%20age-related%20changes%20in%20gray%20matter%20in%20brain%20regions%20supporting%20motor%20skill%20memory%20consolidation&journal=Neurobiol.+Aging&volume=49&pages=154
https://doi.org/10.1016/j.neurobiolaging.2016.10.009
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=27815989
http://scholar.google.com/scholar_lookup?author=L.%20M.%20J.+Fernandez&author=J.-C.+Comte&author=P.+Le%20Merre&author=J.-S.+Lin&author=P.-A.+Salin&author=S.+Crochet&publication_year=2017&title=Highly%20dynamic%20spatiotemporal%20organization%20of%20low-frequency%20activities%20during%20behavioral%20states%20in%20the%20mouse%20cerebral%20cortex&journal=Cereb.+Cort.&volume=27&pages=5444
https://doi.org/10.1093/cercor/bhw311
http://scholar.google.com/scholar_lookup?author=T.+Eggert&author=H.+Dorn&author=C.+Sauter&author=M.%20A.+Nitsche&author=M.+Bajbouj&author=H.+Danker-Hopfe&publication_year=2013&title=No%20effects%20of%20slow%20oscillatory%20transcranial%20direct%20current%20stimulation%20(tDCS)%20on%20sleep-dependent%20memory%20consolidation%20in%20healthy%20elderly%20subjects&journal=Brain+Stimul.&volume=6&pages=938
https://doi.org/10.1016/j.brs.2013.05.006
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=23810208
http://scholar.google.com/scholar_lookup?author=M.%20F.+Egan&author=J.+Kost&author=P.%20N.+Tariot&author=P.%20S.+Aisen&author=J.%20L.+Cummings&author=B.+Vellas&publication_year=2018&title=Randomized%20trial%20of%20verubecestat%20for%20mild-to-moderate%20Alzheimer%E2%80%99s%20Disease&journal=New+Eng.+J.+Med.&volume=378&pages=1691
https://doi.org/10.1056/NEJMoa1706441


 Sleep and β-amyloid deposition in alzhei... – Paper Example  Page 40

PubMed Abstract | CrossRef Full Text | Google Scholar 

Gorgoni, M., Lauri, G., Truglia, I., Cordone, S., Sarasso, S., Scarpelli, S., et al. 

(2016). Parietal fast sleep spindle density decrease in Alzheimer’s disease 

and amnesic mild cognitive impairment. Neural. Plast. 2016, 8376108. doi: 

10. 1155/2016/8376108 

PubMed Abstract | CrossRef Full Text | Google Scholar 

Grosmark, A. D., Mizuseki, K., Pastalkova, E., Diba, K., Buzsáki, G. (2012). 

REM sleep reorganizes hippocampal excitability. Neuron 75, 1001–1007. doi: 

10. 1016/j. neuron. 2012. 08. 015 

PubMed Abstract | CrossRef Full Text | Google Scholar 

Guarnieri, B., Adorni, F., Musicco, M., Appollonio, I., Bonanni, E., Caffarra, P., 

et al. (2012). Prevalence of sleep disturbances in mild cognitive impairment 

and dementing disorders: a multicenter Italian clinical cross-sectional study 

on 431 patients. Dement. Geriatr. Cogn. Disord. 33 (1), 50–58. doi: 10. 

1159/000335363 

PubMed Abstract | CrossRef Full Text | Google Scholar 

Guarnieri, B., Musicco, M., Caffarra, P., Adorni, F., Appollonio, I., Arnaldi, D., 

et al. (2014). Recommendations of the Sleep Study Group of the Italian 

Dementia Research Association (SINDem) on clinical assessment and 

management of sleep disorders in individuals with mild cognitive impairment

and dementia: a clinical review. Neurol. Sci. 35 (9), 1329–1348. doi: 10. 

1007/s10072-014-1873-7 
https://assignbuster.com/sleep-and-amyloid-deposition-in-alzheimer-disease-
insights-on-mechanisms-and-possible-innovative-treatments/

http://scholar.google.com/scholar_lookup?author=B.+Guarnieri&author=F.+Adorni&author=M.+Musicco&author=I.+Appollonio&author=E.+Bonanni&author=P.+Caffarra&publication_year=2012&title=Prevalence%20of%20sleep%20disturbances%20in%20mild%20cognitive%20impairment%20and%20dementing%20disorders%3A%20a%20multicenter%20Italian%20clinical%20cross-sectional%20study%20on%20431%20patients&journal=Dement.+Geriatr.+Cogn.+Disord.&volume=33&pages=50
https://doi.org/10.1159/000335363
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=22415141
http://scholar.google.com/scholar_lookup?author=A.%20D.+Grosmark&author=K.+Mizuseki&author=E.+Pastalkova&author=K.+Diba&author=G.+Buzs%C3%A1ki&publication_year=2012&title=REM%20sleep%20reorganizes%20hippocampal%20excitability&journal=Neuron&volume=75&pages=1001
https://doi.org/10.1016/j.neuron.2012.08.015
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=22998869
http://scholar.google.com/scholar_lookup?author=M.+Gorgoni&author=G.+Lauri&author=I.+Truglia&author=S.+Cordone&author=S.+Sarasso&author=S.+Scarpelli&publication_year=2016&title=Parietal%20fast%20sleep%20spindle%20density%20decrease%20in%20Alzheimer%E2%80%99s%20disease%20and%20amnesic%20mild%20cognitive%20impairment&journal=Neural.+Plast.&volume=2016&
https://doi.org/10.1155/2016/8376108
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=27066274
http://scholar.google.com/scholar_lookup?author=N.+Goel&author=H.+Rao&author=J.%20S.+Durmer&author=D.%20F.+Dinges&publication_year=2009&title=Neurocognitive%20consequences%20of%20sleep%20deprivation&journal=Semin.+Neurol.&volume=29&pages=320
https://doi.org/10.1055/s-0029-1237117
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=19742409


 Sleep and β-amyloid deposition in alzhei... – Paper Example  Page 41

PubMed Abstract | CrossRef Full Text | Google Scholar 

Herrup, K. (2015). The case for rejecting the amyloid cascade hypothesis. 

Nat. Neurosci. 18, 794–799. doi: 10. 1038/nn. 4017 

PubMed Abstract | CrossRef Full Text | Google Scholar 

Holth, J., Patel, T., Holtzman, D. M. (2017). Sleep in Alzheimer’s disease—

beyond amyloid. Neurobiol. Sleep Circadian Rhythms 2, 4–14. doi: 10. 1016/j.

nbscr. 2016. 08. 002 

PubMed Abstract | CrossRef Full Text | Google Scholar 

Horovitz, S. G., Braun, A. R., Carr, W. S., Picchioni, D., Balkin, T. J., Fukunaga, 

M., et al. (2009). Decoupling of the brain’s default mode network during deep

sleep. Proc. Natl. Acad. Sci. U. S. A. 106 (27), 11376–13781. doi: 10. 

1073/pnas. 0901435106 

PubMed Abstract | CrossRef Full Text | Google Scholar 

Huang, Y., Potter, R., Sigurdson, W., Santacruz, A., Shih, S., Ju, Y. E., et al. 

(2012). Effects of age and amyloid deposition on Aβ dynamics in the human 

central nervous system. Arch. Neurol. 69 (1), 51–58. doi: 10. 

1001/archneurol. 2011. 235 

PubMed Abstract | CrossRef Full Text | Google Scholar 

Iliff, J. J., Wang, M., Liao, Y., Plogg, B. A., Peng, W., Gundersen, G. A., et al. 

(2012). A paravascular pathway facilitates CSF flow through the brain 

https://assignbuster.com/sleep-and-amyloid-deposition-in-alzheimer-disease-
insights-on-mechanisms-and-possible-innovative-treatments/

http://scholar.google.com/scholar_lookup?author=Y.+Huang&author=R.+Potter&author=W.+Sigurdson&author=A.+Santacruz&author=S.+Shih&author=Y.%20E.+Ju&publication_year=2012&title=Effects%20of%20age%20and%20amyloid%20deposition%20on%20A%CE%B2%20dynamics%20in%20the%20human%20central%20nervous%20system&journal=Arch.+Neurol.&volume=69&pages=51
https://doi.org/10.1001/archneurol.2011.235
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=21911660
http://scholar.google.com/scholar_lookup?author=S.%20G.+Horovitz&author=A.%20R.+Braun&author=W.%20S.+Carr&author=D.+Picchioni&author=T.%20J.+Balkin&author=M.+Fukunaga&publication_year=2009&title=Decoupling%20of%20the%20brain%E2%80%99s%20default%20mode%20network%20during%20deep%20sleep&journal=Proc.+Natl.+Acad.+Sci.+U.+S.+A.&volume=106&pages=11376
https://doi.org/10.1073/pnas.0901435106
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=19549821
http://scholar.google.com/scholar_lookup?author=J.+Holth&author=T.+Patel&author=D.%20M.+Holtzman&publication_year=2017&title=Sleep%20in%20Alzheimer%E2%80%99s%20disease%E2%80%94beyond%20amyloid&journal=Neurobiol.+Sleep+Circadian+Rhythms&volume=2&pages=4
https://doi.org/10.1016/j.nbscr.2016.08.002
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=28217760
http://scholar.google.com/scholar_lookup?author=K.+Herrup&publication_year=2015&title=The%20case%20for%20rejecting%20the%20amyloid%20cascade%20hypothesis&journal=Nat.+Neurosci.&volume=18&pages=794
https://doi.org/10.1038/nn.4017
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=26007212
http://scholar.google.com/scholar_lookup?author=B.+Guarnieri&author=M.+Musicco&author=P.+Caffarra&author=F.+Adorni&author=I.+Appollonio&author=D.+Arnaldi&publication_year=2014&title=Recommendations%20of%20the%20Sleep%20Study%20Group%20of%20the%20Italian%20Dementia%20Research%20Association%20(SINDem)%20on%20clinical%20assessment%20and%20management%20of%20sleep%20disorders%20in%20individuals%20with%20mild%20cognitive%20impairment%20and%20dementia%3A%20a%20clinical%20review&journal=Neurol.+Sci.&volume=35&pages=1329
https://doi.org/10.1007/s10072-014-1873-7
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=25037740


 Sleep and β-amyloid deposition in alzhei... – Paper Example  Page 42

parenchyma and the clearance of interstitial solutes, including amyloid β. 

Sci. Transl. Med. 4 (147), 147ra111. doi: 10. 1126/scitranslmed. 3003748 

PubMed Abstract | CrossRef Full Text | Google Scholar 

Iliff, J. J., Chen, M. J., Plog, B. A., Zeppenfeld, D. M., Soltero, M., Yang, L., et al.

(2014). Impairment of glymphatic pathway function promotes tau pathology 

after traumatic brain injury. J. Neurosci. 34 (49), 16180–16193. doi: 10. 

1523/JNEUROSCI. 3020-14. 2014 

PubMed Abstract | CrossRef Full Text | Google Scholar 

Jessen, N. A., Munk, A. S., Lundgaard, I., Nedergaard, M. (2015). The 

glymphatic system: a beginner’s guide. Neurochem. Res. 40 (12), 2583–

2599. doi: 10. 1007/s11064-015-1581-6 

PubMed Abstract | CrossRef Full Text | Google Scholar 

Ju, Y. E., Lucey, B. P., Holtzman, D. M. (2014). Sleep and Alzheimer disease 

pathology—a bidirectional relationship. Nat. Rev. Neurol. 10 (2), 115–119. 

doi: 10. 1038/nrneurol. 2013. 269 

PubMed Abstract | CrossRef Full Text | Google Scholar 

Ju, Y. S., Ooms, S. J., Sutphen, C., Macauley, S. L., Zangrilli, M. A., Jerome, G., 

et al. (2017). Slow wave sleep disruption increases cerebrospinal fluid 

amyloid-β levels. Brain 140 (8), 2104–2111. doi: 10. 1093/brain/awx148 

PubMed Abstract | CrossRef Full Text | Google Scholar 

https://assignbuster.com/sleep-and-amyloid-deposition-in-alzheimer-disease-
insights-on-mechanisms-and-possible-innovative-treatments/

http://scholar.google.com/scholar_lookup?author=Y.%20S.+Ju&author=S.%20J.+Ooms&author=C.+Sutphen&author=S.%20L.+Macauley&author=M.%20A.+Zangrilli&author=G.+Jerome&publication_year=2017&title=Slow%20wave%20sleep%20disruption%20increases%20cerebrospinal%20fluid%20amyloid-%CE%B2%20levels&journal=Brain&volume=140&pages=2104
https://doi.org/10.1093/brain/awx148
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=28899014
http://scholar.google.com/scholar_lookup?author=Y.%20E.+Ju&author=B.%20P.+Lucey&author=D.%20M.+Holtzman&publication_year=2014&title=Sleep%20and%20Alzheimer%20disease%20pathology%E2%80%94a%20bidirectional%20relationship&journal=Nat.+Rev.+Neurol.&volume=10&pages=115
https://doi.org/10.1038/nrneurol.2013.269
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=24366271
http://scholar.google.com/scholar_lookup?author=N.%20A.+Jessen&author=A.%20S.+Munk&author=I.+Lundgaard&author=M.+Nedergaard&publication_year=2015&title=The%20glymphatic%20system%3A%20a%20beginner%E2%80%99s%20guide&journal=Neurochem.+Res.&volume=40&pages=2583
https://doi.org/10.1007/s11064-015-1581-6
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=25947369
http://scholar.google.com/scholar_lookup?author=J.%20J.+Iliff&author=M.%20J.+Chen&author=B.%20A.+Plog&author=D.%20M.+Zeppenfeld&author=M.+Soltero&author=L.+Yang&publication_year=2014&title=Impairment%20of%20glymphatic%20pathway%20function%20promotes%20tau%20pathology%20after%20traumatic%20brain%20injury&journal=J.+Neurosci.&volume=34&pages=16180
https://doi.org/10.1523/JNEUROSCI.3020-14.2014
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=25471560
http://scholar.google.com/scholar_lookup?author=J.%20J.+Iliff&author=M.+Wang&author=Y.+Liao&author=B.%20A.+Plogg&author=W.+Peng&author=G.%20A.+Gundersen&publication_year=2012&title=A%20paravascular%20pathway%20facilitates%20CSF%20flow%20through%20the%20brain%20parenchyma%20and%20the%20clearance%20of%20interstitial%20solutes%2C%20including%20amyloid%20%CE%B2&journal=Sci.+Transl.+Med.&volume=4&
https://doi.org/10.1126/scitranslmed.3003748
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=22896675


 Sleep and β-amyloid deposition in alzhei... – Paper Example  Page 43

Kang, J. E., Lim, M. M., Bateman, R. J., Lee, J. J., Smyth, L. P., Cirrito, J. R., et 

al. (2009). Amyloid-beta dynamics are regulated by orexin and the sleep–

wake cycle. Science 326 (5955), 1005–1007. doi: 10. 1126/science. 1180962 

PubMed Abstract | CrossRef Full Text | Google Scholar 

Kress, B. T., Iliff, J. J., Xia, M., Wang, M., Wei, H. S., Zeppenfeld, D., et al. 

(2014). Impairment of paravascular clearance pathways in the aging brain. 

Ann. Neurol. 76 (6), 845–861. doi: 10. 1002/ana. 24271 

PubMed Abstract | CrossRef Full Text | Google Scholar 

Krueger, J. M., Frank, M. G., Wisor, J. P., Roy, S. (2016). Sleep function: 

toward elucidating an enigma. Sleep Med. Rev. 28, 46–54. doi: 10. 1016/j. 

smrv. 2015. 08. 005 

PubMed Abstract | CrossRef Full Text | Google Scholar 

Landolt, H. P., Dijk, D. J., Achermann, P., Borbely, A. A. (1996). Effect of age 

on the sleep EEG: slow wave activity and spindle frequency activity in young 

and middle-aged men. Brain Res. 738, 205–212. doi: 10. 1016/S0006-

8993(96)00770-6 

PubMed Abstract | CrossRef Full Text | Google Scholar 

Liguori, C., Romigi, A., Nuccetelli, M., Zannino, S., Sancesario, G., Martorana, 

A. (2014). Orexinergic system dysregulation, sleep impairment, and 

cognitive decline in Alzheimer disease. JAMA Neurol. 71 (12), 1498–1505. doi:

10. 1001/jamaneurol. 2014. 2510 

https://assignbuster.com/sleep-and-amyloid-deposition-in-alzheimer-disease-
insights-on-mechanisms-and-possible-innovative-treatments/

http://scholar.google.com/scholar_lookup?author=H.%20P.+Landolt&author=D.%20J.+Dijk&author=P.+Achermann&author=A.%20A.+Borbely&publication_year=1996&title=Effect%20of%20age%20on%20the%20sleep%20EEG%3A%20slow%20wave%20activity%20and%20spindle%20frequency%20activity%20in%20young%20and%20middle-aged%20men&journal=Brain+Res.&volume=738&pages=205
https://doi.org/10.1016/S0006-8993(96)00770-6
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=8955514
http://scholar.google.com/scholar_lookup?author=J.%20M.+Krueger&author=M.%20G.+Frank&author=J.%20P.+Wisor&author=S.+Roy&publication_year=2016&title=Sleep%20function%3A%20toward%20elucidating%20an%20enigma&journal=Sleep+Med.+Rev.&volume=28&pages=46
https://doi.org/10.1016/j.smrv.2015.08.005
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=26447948
http://scholar.google.com/scholar_lookup?author=B.%20T.+Kress&author=J.%20J.+Iliff&author=M.+Xia&author=M.+Wang&author=H.%20S.+Wei&author=D.+Zeppenfeld&publication_year=2014&title=Impairment%20of%20paravascular%20clearance%20pathways%20in%20the%20aging%20brain&journal=Ann.+Neurol.&volume=76&pages=845
https://doi.org/10.1002/ana.24271
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=25204284
http://scholar.google.com/scholar_lookup?author=J.%20E.+Kang&author=M.%20M.+Lim&author=R.%20J.+Bateman&author=J.%20J.+Lee&author=L.%20P.+Smyth&author=J.%20R.+Cirrito&publication_year=2009&title=Amyloid-beta%20dynamics%20are%20regulated%20by%20orexin%20and%20the%20sleep%E2%80%93wake%20cycle&journal=Science&volume=326&pages=1005
https://doi.org/10.1126/science.1180962
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=19779148


 Sleep and β-amyloid deposition in alzhei... – Paper Example  Page 44

PubMed Abstract | CrossRef Full Text | Google Scholar 

Lim, A. S., Kowgier, M., Yu, L., Buchman, A. S., Bennett, D. A. (2013). Sleep 

fragmentation and the risk of incident Alzheimer’s disease and cognitive 

decline in older persons. Sleep 36 (7), 1027–1032. doi: 10. 5665/sleep. 2802 

PubMed Abstract | CrossRef Full Text | Google Scholar 

Louveau, A., Smirnov, I., Keyes, T. J., Eccles, J. D., Rouhani, S. J., Peske, J. D., 

et al. (2015). Structural and functional features of central nervous system 

lymphatic vessels. Nature 523 (7560), 337–341. doi: 10. 1038/nature14432 

PubMed Abstract | CrossRef Full Text | Google Scholar 

Lucey, B. P., Bateman, R. J. (2014). Amyloid-β diurnal pattern: possible role of

sleep in Alzheimer’s disease pathogenesis. Neurobiol. Aging 35, S29eS34. 

doi: 10. 1016/j. neurobiolaging. 2014. 03. 035 

CrossRef Full Text | Google Scholar 

Lucey, B. P., Hicks, T. J., McLeland, J. S., Toedebusch, C. D., Boyd, J., Elbert, 

D. L., et al. (2017). Effect of sleep on overnight cerebrospinal fluid amyloid β 

kinetics. Ann. Neurol. 83, 197–204. doi: 10. 1002/ana. 25117 

CrossRef Full Text | Google Scholar 

Mander, B. A., Winer, J. R., Jagust, W. J., Walker, M. P. (2016). Sleep: a novel 

mechanistic pathway, biomarker, and treatment target in the pathology of 

Alzheimer’s disease? Trends Neurosci. 39 (8), 552–566. doi: 10. 1016/j. tins. 

2016. 05. 002 
https://assignbuster.com/sleep-and-amyloid-deposition-in-alzheimer-disease-
insights-on-mechanisms-and-possible-innovative-treatments/

http://scholar.google.com/scholar_lookup?author=B.%20P.+Lucey&author=T.%20J.+Hicks&author=J.%20S.+McLeland&author=C.%20D.+Toedebusch&author=J.+Boyd&author=D.%20L.+Elbert&publication_year=2017&title=Effect%20of%20sleep%20on%20overnight%20cerebrospinal%20fluid%20amyloid%20%CE%B2%20kinetics&journal=Ann.+Neurol.&volume=83&pages=197
https://doi.org/10.1002/ana.25117
http://scholar.google.com/scholar_lookup?author=B.%20P.+Lucey&author=R.%20J.+Bateman&publication_year=2014&title=Amyloid-%CE%B2%20diurnal%20pattern%3A%20possible%20role%20of%20sleep%20in%20Alzheimer%E2%80%99s%20disease%20pathogenesis&journal=Neurobiol.+Aging&volume=35&pages=S29eS34
https://doi.org/10.1016/j.neurobiolaging.2014.03.035
http://scholar.google.com/scholar_lookup?author=A.+Louveau&author=I.+Smirnov&author=T.%20J.+Keyes&author=J.%20D.+Eccles&author=S.%20J.+Rouhani&author=J.%20D.+Peske&publication_year=2015&title=Structural%20and%20functional%20features%20of%20central%20nervous%20system%20lymphatic%20vessels&journal=Nature&volume=523&pages=337
https://doi.org/10.1038/nature14432
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=26030524
http://scholar.google.com/scholar_lookup?author=A.%20S.+Lim&author=M.+Kowgier&author=L.+Yu&author=A.%20S.+Buchman&author=D.%20A.+Bennett&publication_year=2013&title=Sleep%20fragmentation%20and%20the%20risk%20of%20incident%20Alzheimer%E2%80%99s%20disease%20and%20cognitive%20decline%20in%20older%20persons&journal=Sleep&volume=36&pages=1027
https://doi.org/10.5665/sleep.2802
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=23814339
http://scholar.google.com/scholar_lookup?author=C.+Liguori&author=A.+Romigi&author=M.+Nuccetelli&author=S.+Zannino&author=G.+Sancesario&author=A.+Martorana&publication_year=2014&title=Orexinergic%20system%20dysregulation%2C%20sleep%20impairment%2C%20and%20cognitive%20decline%20in%20Alzheimer%20disease&journal=JAMA+Neurol.&volume=71&pages=1498
https://doi.org/10.1001/jamaneurol.2014.2510
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=25322206


 Sleep and β-amyloid deposition in alzhei... – Paper Example  Page 45

PubMed Abstract | CrossRef Full Text | Google Scholar 

Mander, B. A., Winer, J. R., Walker, M. P. (2017). Sleep and human aging. 

Neuron 94 (1), 19–36. doi: 10. 1016/j. neuron. 2017. 02. 004 

PubMed Abstract | CrossRef Full Text | Google Scholar 

Mander, B. A., Santhanam, S., Saletin, J. M., Walker, M. P. (2011). Wake 

deterioration and sleep restoration of human learning. Curr. Biol. 21, 183–

184. doi: 10. 1016/j. cub. 2011. 01. 019 

CrossRef Full Text | Google Scholar 

Mander, B. A., Rao, V., Lu, B., Saletin, J., Lindquist, J. R., Ancoli-Israel, S., et 

al. (2013). Prefrontal atrophy, disrupted NREM slow waves and impaired 

hippocampal-dependent memory in aging. Nat. Neurosci. 16 (3), 357–364. 

doi: 10. 1038/nn. 3324 

PubMed Abstract | CrossRef Full Text | Google Scholar 

Mander, B. A., Rao, V., Lu, B., Saletin, J. M., Ancoli-Israel, S., Jagust, W. J., et 

al. (2014). Impaired prefrontal sleep spindle regulation of hippocampal-

dependent learning in older adults. Cereb. Cort. 24, 3301–3309. doi: 10. 

1093/cercor/bht188 

CrossRef Full Text | Google Scholar 

Mander, B. A., Marks, S. M., Vogel, J. W., Rao, V., Lu, B., Saletin, J. M., et al. 

(2015). β-Amyloid disrupts human NREM slow waves and related 

https://assignbuster.com/sleep-and-amyloid-deposition-in-alzheimer-disease-
insights-on-mechanisms-and-possible-innovative-treatments/

http://scholar.google.com/scholar_lookup?author=B.%20A.+Mander&author=V.+Rao&author=B.+Lu&author=J.%20M.+Saletin&author=S.+Ancoli-Israel&author=W.%20J.+Jagust&publication_year=2014&title=Impaired%20prefrontal%20sleep%20spindle%20regulation%20of%20hippocampal-dependent%20learning%20in%20older%20adults&journal=Cereb.+Cort.&volume=24&pages=3301
https://doi.org/10.1093/cercor/bht188
http://scholar.google.com/scholar_lookup?author=B.%20A.+Mander&author=V.+Rao&author=B.+Lu&author=J.+Saletin&author=J.%20R.+Lindquist&author=S.+Ancoli-Israel&publication_year=2013&title=Prefrontal%20atrophy%2C%20disrupted%20NREM%20slow%20waves%20and%20impaired%20hippocampal-dependent%20memory%20in%20aging&journal=Nat.+Neurosci.&volume=16&pages=357
https://doi.org/10.1038/nn.3324
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=23354332
http://scholar.google.com/scholar_lookup?author=B.%20A.+Mander&author=S.+Santhanam&author=J.%20M.+Saletin&author=M.%20P.+Walker&publication_year=2011&title=Wake%20deterioration%20and%20sleep%20restoration%20of%20human%20learning&journal=Curr.+Biol.&volume=21&pages=183
https://doi.org/10.1016/j.cub.2011.01.019
http://scholar.google.com/scholar_lookup?author=B.%20A.+Mander&author=J.%20R.+Winer&author=M.%20P.+Walker&publication_year=2017&title=Sleep%20and%20human%20aging&journal=Neuron&volume=94&pages=19
https://doi.org/10.1016/j.neuron.2017.02.004
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=28384471
http://scholar.google.com/scholar_lookup?author=B.%20A.+Mander&author=J.%20R.+Winer&author=W.%20J.+Jagust&author=M.%20P.+Walker&publication_year=2016&title=Sleep%3A%20a%20novel%20mechanistic%20pathway%2C%20biomarker%2C%20and%20treatment%20target%20in%20the%20pathology%20of%20Alzheimer%E2%80%99s%20disease&journal=Trends+Neurosci.&volume=39&pages=552
https://doi.org/10.1016/j.tins.2016.05.002
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=27325209


 Sleep and β-amyloid deposition in alzhei... – Paper Example  Page 46

hippocampus-dependent memory consolidation. Nat. Neurosci. 18 (7), 1051–

1057. doi: 10. 1038/nn. 4035 

PubMed Abstract | CrossRef Full Text | Google Scholar 

Marshall, L., Helgadòttir, H., Mölle, M., Born, J. (2006). Boosting slow 

oscillations during sleep potentiates memory. Nature. 444, 60–613. doi: 10. 

1038/nature05278 

CrossRef Full Text | Google Scholar 

McCleery, J., Cohen, D. A., Sharpley, A. L. (2014). Pharmacotherapies for 

sleep disturbances in Alzheimer’s disease. Cochrane Database Syst. Rev. (3),

CD009178. doi: 10. 1002/14651858. CD009178. pub2 

PubMed Abstract | CrossRef Full Text | Google Scholar 

McCoy, J. G., Strecker, R. E. (2011). The cognitive cost of sleep lost. 

Neurobiol. Learn Mem. 96 (4), 564–582. doi: 10. 1016/j. nlm. 2011. 07. 004 

PubMed Abstract | CrossRef Full Text | Google Scholar 

McCurry, S. M., Gibbons, L. E., Logsdon, R. G., Vitiello, M. V., Teri, L. (2005). 

Nighttime insomnia treatment and education for Alzheimer’s disease: a 

randomized, controlled trial. J. Am. Geriatr. Society 53 (5), 793–802. doi: 10. 

1111/j. 1532-5415. 2005. 53252. x 

CrossRef Full Text | Google Scholar 

https://assignbuster.com/sleep-and-amyloid-deposition-in-alzheimer-disease-
insights-on-mechanisms-and-possible-innovative-treatments/

http://scholar.google.com/scholar_lookup?author=S.%20M.+McCurry&author=L.%20E.+Gibbons&author=R.%20G.+Logsdon&author=M.%20V.+Vitiello&author=L.+Teri&publication_year=2005&title=Nighttime%20insomnia%20treatment%20and%20education%20for%20Alzheimer%E2%80%99s%20disease%3A%20a%20randomized%2C%20controlled%20trial&journal=J.+Am.+Geriatr.+Society&volume=53&pages=793
https://doi.org/10.1111/j.1532-5415.2005.53252.x
http://scholar.google.com/scholar_lookup?author=J.%20G.+McCoy&author=R.%20E.+Strecker&publication_year=2011&title=The%20cognitive%20cost%20of%20sleep%20lost&journal=Neurobiol.+Learn+Mem.&volume=96&pages=564
https://doi.org/10.1016/j.nlm.2011.07.004
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=21875679
http://scholar.google.com/scholar_lookup?author=J.+McCleery&author=D.%20A.+Cohen&author=A.%20L.+Sharpley&publication_year=2014&title=Pharmacotherapies%20for%20sleep%20disturbances%20in%20Alzheimer%E2%80%99s%20disease&journal=Cochrane+Database+Syst.+Rev.&
https://doi.org/10.1002/14651858.CD009178.pub2
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=24659320
http://scholar.google.com/scholar_lookup?author=L.+Marshall&author=H.+Helgad%C3%B2ttir&author=M.+M%C3%B6lle&author=J.+Born&publication_year=2006&title=Boosting%20slow%20oscillations%20during%20sleep%20potentiates%20memory&journal=Nature.&volume=444&pages=60
https://doi.org/10.1038/nature05278
http://scholar.google.com/scholar_lookup?author=B.%20A.+Mander&author=S.%20M.+Marks&author=J.%20W.+Vogel&author=V.+Rao&author=B.+Lu&author=J.%20M.+Saletin&publication_year=2015&title=%CE%B2-Amyloid%20disrupts%20human%20NREM%20slow%20waves%20and%20related%20hippocampus-dependent%20memory%20consolidation&journal=Nat.+Neurosci.&volume=18&pages=1051
https://doi.org/10.1038/nn.4035
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=26030850


 Sleep and β-amyloid deposition in alzhei... – Paper Example  Page 47

McCurry, S. M., LaFazia, D. M., Pike, K. C., Logsdon, R. G., Teri, L. (2012). 

Development and evaluation of a sleep education program for older adults 

with dementia living in adult family homes. Am. J. Geriatr. Psychiatry 20 (6), 

494–504. doi: 10. 1097/JGP. 0b013e318248ae79 

PubMed Abstract | CrossRef Full Text | Google Scholar 

McGeer, P. L., McGeer, E., Rogers, J., Sibley, J. (1990). Anti-inflammatory 

drugs and Alzheimer disease. Lancet 335 (8696), 1037. doi: 10. 1016/0140-

6736(90)91101-F 

CrossRef Full Text | Google Scholar 

Moe, K. E., Vitiello, M. V., Larsen, L. H., Prinz, P. N. (1995). Sleep/wake 

patterns in Alzheimer’s disease: relationships with cognition and function. J. 

Sleep Res. 4, 15–20. doi: 10. 1111/j. 1365-2869. 1995. tb00145. x 

CrossRef Full Text | Google Scholar 

Monk, T. H., Buysse, D. J., Billy, B. D., Fletcher, M. E., Kennedy, K. S., Schlarb,

J. E., et al. (2011). Circadian type and bed-timing regularity in 654 retired 

seniors: correlations with subjective sleep measures. Sleep 34 (2), 235–239. 

doi: 10. 1093/sleep/34. 2. 235 

PubMed Abstract | CrossRef Full Text | Google Scholar 

Moran, M., Lynch, C. A., Walsh, C., Coen, R., Coakley, D., Lawlor, B. A. (2005).

Sleep disturbance in mild to moderate Alzheimer’s disease. Sleep Med. 6 (4),

347–352. doi: 10. 1016/j. sleep. 2004. 12. 005 

https://assignbuster.com/sleep-and-amyloid-deposition-in-alzheimer-disease-
insights-on-mechanisms-and-possible-innovative-treatments/

http://scholar.google.com/scholar_lookup?author=T.%20H.+Monk&author=D.%20J.+Buysse&author=B.%20D.+Billy&author=M.%20E.+Fletcher&author=K.%20S.+Kennedy&author=J.%20E.+Schlarb&publication_year=2011&title=Circadian%20type%20and%20bed-timing%20regularity%20in%20654%20retired%20seniors%3A%20correlations%20with%20subjective%20sleep%20measures&journal=Sleep&volume=34&pages=235
https://doi.org/10.1093/sleep/34.2.235
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=21286245
http://scholar.google.com/scholar_lookup?author=K.%20E.+Moe&author=M.%20V.+Vitiello&author=L.%20H.+Larsen&author=P.%20N.+Prinz&publication_year=1995&title=Sleep%2Fwake%20patterns%20in%20Alzheimer%E2%80%99s%20disease%3A%20relationships%20with%20cognition%20and%20function&journal=J.+Sleep+Res.&volume=4&pages=15
https://doi.org/10.1111/j.1365-2869.1995.tb00145.x
http://scholar.google.com/scholar_lookup?author=P.%20L.+McGeer&author=E.+McGeer&author=J.+Rogers&author=J.+Sibley&publication_year=1990&title=Anti-inflammatory%20drugs%20and%20Alzheimer%20disease&journal=Lancet&volume=335&pages=1037
https://doi.org/10.1016/0140-6736(90)91101-F
http://scholar.google.com/scholar_lookup?author=S.%20M.+McCurry&author=D.%20M.+LaFazia&author=K.%20C.+Pike&author=R.%20G.+Logsdon&author=L.+Teri&publication_year=2012&title=Development%20and%20evaluation%20of%20a%20sleep%20education%20program%20for%20older%20adults%20with%20dementia%20living%20in%20adult%20family%20homes&journal=Am.+J.+Geriatr.+Psychiatry&volume=20&pages=494
https://doi.org/10.1097/JGP.0b013e318248ae79
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=22367233


 Sleep and β-amyloid deposition in alzhei... – Paper Example  Page 48

PubMed Abstract | CrossRef Full Text | Google Scholar 

Morris, J. C., Roe, C. M., Grant, E. A., Head, D., Storandt, M., Goate, A. M., et 

al. (2009). Pittsburgh compound B imaging and prediction of progression 

from cognitive normality to symptomatic Alzheimer disease. Arch. Neurol. 66

(12), 1469–1475. doi: 10. 1001/archneurol. 2009. 269 

PubMed Abstract | CrossRef Full Text | Google Scholar 

Mullane, K., Williams, M. (2018). Alzheimer’s disease (AD) therapeutics—2: 

beyond amyloid—re-defining AD and its causality to discover effective 

therapeutics. Biochem. Pharmacol. 158, 376–401. doi: 10. 1016/j. bcp. 2018. 

09. 027 

PubMed Abstract | CrossRef Full Text | Google Scholar 

Murphy, M., Riedner, B. A., Huber, R., Massimini, M., Ferrarelli, F., Tononi, G. 

(2009). Source modeling sleep slow waves. Proc. Natl. Acad. Sci. U. S. A. 106 

(5), 1608–1613. doi: 10. 1073/pnas. 0807933106 

PubMed Abstract | CrossRef Full Text | Google Scholar 

Musiek, E. S., Xiong, D. D., Holtzman, D. M. (2015). Sleep, circadian rhythms, 

and the pathogenesis of Alzheimer disease. Exp. Mol. Med. 47, e148. doi: 10.

1038/emm. 2014. 121 

PubMed Abstract | CrossRef Full Text | Google Scholar 

Nelson, P. T., Head, E., Schmitt, F. A., Davis, P. R., Neltner, J. H., Jicha, J. A., et

al. (2011). Alzheimer’s disease is not “ brain aging”: neuropathological, 
https://assignbuster.com/sleep-and-amyloid-deposition-in-alzheimer-disease-
insights-on-mechanisms-and-possible-innovative-treatments/

http://scholar.google.com/scholar_lookup?author=E.%20S.+Musiek&author=D.%20D.+Xiong&author=D.%20M.+Holtzman&publication_year=2015&title=Sleep%2C%20circadian%20rhythms%2C%20and%20the%20pathogenesis%20of%20Alzheimer%20disease&journal=Exp.+Mol.+Med.&volume=47&pages=e148
https://doi.org/10.1038/emm.2014.121
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=25766617
http://scholar.google.com/scholar_lookup?author=M.+Murphy&author=B.%20A.+Riedner&author=R.+Huber&author=M.+Massimini&author=F.+Ferrarelli&author=G.+Tononi&publication_year=2009&title=Source%20modeling%20sleep%20slow%20waves&journal=Proc.+Natl.+Acad.+Sci.+U.+S.+A.&volume=106&pages=1608
https://doi.org/10.1073/pnas.0807933106
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=19164756
http://scholar.google.com/scholar_lookup?author=K.+Mullane&author=M.+Williams&publication_year=2018&title=Alzheimer%E2%80%99s%20disease%20(AD)%20therapeutics%E2%80%942%3A%20beyond%20amyloid%E2%80%94re-defining%20AD%20and%20its%20causality%20to%20discover%20effective%20therapeutics&journal=Biochem.+Pharmacol.&volume=158&pages=376
https://doi.org/10.1016/j.bcp.2018.09.027
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=30273552
http://scholar.google.com/scholar_lookup?author=J.%20C.+Morris&author=C.%20M.+Roe&author=E.%20A.+Grant&author=D.+Head&author=M.+Storandt&author=A.%20M.+Goate&publication_year=2009&title=Pittsburgh%20compound%20B%20imaging%20and%20prediction%20of%20progression%20from%20cognitive%20normality%20to%20symptomatic%20Alzheimer%20disease&journal=Arch.+Neurol.&volume=66&pages=1469
https://doi.org/10.1001/archneurol.2009.269
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=20008650
http://scholar.google.com/scholar_lookup?author=M.+Moran&author=C.%20A.+Lynch&author=C.+Walsh&author=R.+Coen&author=D.+Coakley&author=B.%20A.+Lawlor&publication_year=2005&title=Sleep%20disturbance%20in%20mild%20to%20moderate%20Alzheimer%E2%80%99s%20disease&journal=Sleep+Med.&volume=6&pages=347
https://doi.org/10.1016/j.sleep.2004.12.005
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=15978517


 Sleep and β-amyloid deposition in alzhei... – Paper Example  Page 49

genetic, and epidemiological human studies. Acta Neuropathol. 121, 571–

587. doi: 10. 1007/s00401-011-0826-y 

PubMed Abstract | CrossRef Full Text | Google Scholar 

Ngo, H. V., Martinetz, T., Born, J., Mölle, M. (2013). Auditory closed-loop 

stimulation of the sleep slow oscillation enhances memory. Neuron 78, 545–

553. doi: 10. 1016/j. neuron. 2013. 03. 006 

PubMed Abstract | CrossRef Full Text | Google Scholar 

O’Donnell, J., Ding, F., Nedergaard, M. (2015). Distinct functional states of 

astrocytes during sleep and wakefulness: is norepinephrine the master 

regulator? Curr. Seep Med. Rep. 1, 1–8. doi: 10. 1007/s40675-014-0004-6 

CrossRef Full Text | Google Scholar 

Olsson, M., Ärlig, J., Hedner, J., Blennow, K., Zetterberg, H. (2018). Sleep 

deprivation and cerebrospinal fluid biomarkers for Alzheimer’s disease. Sleep

41 (5), 1–8. doi: 10. 1093/sleep/zsy025 

CrossRef Full Text | Google Scholar 

Ooms, S., Overeem, S., Besse, K., Rikkert, M. O., Verbeek, M., Claassen, J. A. 

(2014). 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. 71 (8), 971–7. doi: 10. 1001/jamaneurol. 2014. 1173 

PubMed Abstract | CrossRef Full Text | Google Scholar 

https://assignbuster.com/sleep-and-amyloid-deposition-in-alzheimer-disease-
insights-on-mechanisms-and-possible-innovative-treatments/

http://scholar.google.com/scholar_lookup?author=S.+Ooms&author=S.+Overeem&author=K.+Besse&author=M.%20O.+Rikkert&author=M.+Verbeek&author=J.%20A.+Claassen&publication_year=2014&title=Effect%20of%201%20night%20of%20total%20sleep%20deprivation%20on%20cerebrospinal%20fluid%20%CE%B2-amyloid%2042%20in%20healthy%20middle-aged%20men%3A%20a%20randomized%20clinical%20trial&journal=JAMA+Neurol.&volume=71&pages=971-7
https://doi.org/10.1001/jamaneurol.2014.1173
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=24887018
http://scholar.google.com/scholar_lookup?author=M.+Olsson&author=J.+%C3%84rlig&author=J.+Hedner&author=K.+Blennow&author=H.+Zetterberg&publication_year=2018&title=Sleep%20deprivation%20and%20cerebrospinal%20fluid%20biomarkers%20for%20Alzheimer%E2%80%99s%20disease&journal=Sleep&volume=41&pages=1
https://doi.org/10.1093/sleep/zsy025
http://scholar.google.com/scholar_lookup?author=J.+O%E2%80%99Donnell&author=F.+Ding&author=M.+Nedergaard&publication_year=2015&title=Distinct%20functional%20states%20of%20astrocytes%20during%20sleep%20and%20wakefulness%3A%20is%20norepinephrine%20the%20master%20regulator&journal=Curr.+Seep+Med.+Rep.&volume=1&pages=1
https://doi.org/10.1007/s40675-014-0004-6
http://scholar.google.com/scholar_lookup?author=H.%20V.+Ngo&author=T.+Martinetz&author=J.+Born&author=M.+M%C3%B6lle&publication_year=2013&title=Auditory%20closed-loop%20stimulation%20of%20the%20sleep%20slow%20oscillation%20enhances%20memory&journal=Neuron&volume=78&pages=545
https://doi.org/10.1016/j.neuron.2013.03.006
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=23583623
http://scholar.google.com/scholar_lookup?author=P.%20T.+Nelson&author=E.+Head&author=F.%20A.+Schmitt&author=P.%20R.+Davis&author=J.%20H.+Neltner&author=J.%20A.+Jicha&publication_year=2011&title=Alzheimer%E2%80%99s%20disease%20is%20not%20%E2%80%9Cbrain%20aging%E2%80%9D%3A%20neuropathological%2C%20genetic%2C%20and%20epidemiological%20human%20studies&journal=Acta+Neuropathol.&volume=121&pages=571
https://doi.org/10.1007/s00401-011-0826-y
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=21516511


 Sleep and β-amyloid deposition in alzhei... – Paper Example  Page 50

Papalambros, N. A., Santostasi, G., Malkani, R. G., Braun, R., Weintraub, S., 

Paller, K. A., et al. (2017). Acoustic enhancement of sleep slow oscillations 

and concomitant memory improvement in older adults. Front. Hum. 

Neurosci. 11, 109. doi: 10. 3389/fnhum. 2017. 00109 

PubMed Abstract | CrossRef Full Text | Google Scholar 

Prehn-Kristensen, A., Munz, M., Göder, R., Wilhelm, I., Korr, K., Vahl, W., et al.

(2014). Transcranial oscillatory direct current stimulation during sleep 

improves declarative memory consolidation in children with attention-

deficit/hyperactivity disorder to a level comparable to healthy controls. Brain

Stimul. 7 (6), 793–799. doi: 10. 1016/j. brs. 2014. 07. 036 

PubMed Abstract | CrossRef Full Text | Google Scholar 

Prinz, P. N., Vitaliano, P. P., Vitiello, M. V., Bokan, J., Raskind, M., Peskind, E., 

et al. (1982). Sleep, EEG and mental function changes in senile dementia of 

the Alzheimer’s type. Neurobiol. Aging Winter 3 (4), 361–370. doi: 10. 

1016/0197-4580(82)90024-0 

CrossRef Full Text | Google Scholar 

Qiu, H., Zhong, R., Liu, H., Zhang, F., Li, S., Le, W. (2016). Chronic sleep 

deprivation exacerbates learning-memory disability and Alzheimer’s disease-

like pathologies in AβPP(swe)/PS1(DE9) mice. J. Alzheimers Dis. 50 (3), 669–

685. doi: 10. 3233/JAD-150774 

PubMed Abstract | CrossRef Full Text | Google Scholar 

https://assignbuster.com/sleep-and-amyloid-deposition-in-alzheimer-disease-
insights-on-mechanisms-and-possible-innovative-treatments/

http://scholar.google.com/scholar_lookup?author=H.+Qiu&author=R.+Zhong&author=H.+Liu&author=F.+Zhang&author=S.+Li&author=W.+Le&publication_year=2016&title=Chronic%20sleep%20deprivation%20exacerbates%20learning-memory%20disability%20and%20Alzheimer%E2%80%99s%20disease-like%20pathologies%20in%20A%CE%B2PP(swe)%2FPS1(DE9)%20mice&journal=J.+Alzheimers+Dis.&volume=50&pages=669
https://doi.org/10.3233/JAD-150774
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=26757041
http://scholar.google.com/scholar_lookup?author=P.%20N.+Prinz&author=P.%20P.+Vitaliano&author=M.%20V.+Vitiello&author=J.+Bokan&author=M.+Raskind&author=E.+Peskind&publication_year=1982&title=Sleep%2C%20EEG%20and%20mental%20function%20changes%20in%20senile%20dementia%20of%20the%20Alzheimer%E2%80%99s%20type&journal=Neurobiol.+Aging+Winter&volume=3&pages=361
https://doi.org/10.1016/0197-4580(82)90024-0
http://scholar.google.com/scholar_lookup?author=A.+Prehn-Kristensen&author=M.+Munz&author=R.+G%C3%B6der&author=I.+Wilhelm&author=K.+Korr&author=W.+Vahl&publication_year=2014&title=Transcranial%20oscillatory%20direct%20current%20stimulation%20during%20sleep%20improves%20declarative%20memory%20consolidation%20in%20children%20with%20attention-deficit%2Fhyperactivity%20disorder%20to%20a%20level%20comparable%20to%20healthy%20controls&journal=Brain+Stimul.&volume=7&pages=793
https://doi.org/10.1016/j.brs.2014.07.036
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=25153776
http://scholar.google.com/scholar_lookup?author=N.%20A.+Papalambros&author=G.+Santostasi&author=R.%20G.+Malkani&author=R.+Braun&author=S.+Weintraub&author=K.%20A.+Paller&publication_year=2017&title=Acoustic%20enhancement%20of%20sleep%20slow%20oscillations%20and%20concomitant%20memory%20improvement%20in%20older%20adults&journal=Front.+Hum.+Neurosci.&volume=11&
https://doi.org/10.3389/fnhum.2017.00109
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=28337134


 Sleep and β-amyloid deposition in alzhei... – Paper Example  Page 51

Rauchs, G., Schabus, M., Parapatics, S., Bertran, F., Clochon, P., Hot, P., et al.

(2008). Is there a link between sleep changes and memory in Alzheimer’s 

disease? Neuroreport. 19 (11), 1159–1162. doi: 10. 1097/WNR. 

0b013e32830867c4 

PubMed Abstract | CrossRef Full Text | Google Scholar 

Reda, F., Gorgoni, M., Lauri, G., Truglia, I., Cordone, S., Scarpelli, S., et al. 

(2017). In search of sleep biomarkers of Alzheimer’s disease: K-complexes do

not discriminate between patients with mild cognitive impairment and 

healthy controls. Brain Sci. 7 (5), E51. doi: 10. 3390/brainsci7050051 

PubMed Abstract | CrossRef Full Text | Google Scholar 

Riemann, D., Spiegelhalder, K., Espie, C., Pollmächer, T., Léger, D., Bassetti, 

C. (2011). Chronic insomnia: clinical and research challenges—an agenda. 

Pharmacopsychiatry 44 (1), 1–14. doi: 10. 1055/s-0030-1267978 

PubMed Abstract | CrossRef Full Text | Google Scholar 

Roh, J. H., Huang, Y., Bero, A. W., Kasten, T., Stewart, F. R., Bateman, R. J., et

al. (2012). Disruption of the sleep–wake cycle and diurnal fluctuation of β-

amyloid in mice with Alzheimer’s disease pathology. Sci. Transl. Med. 4 

(150), 150ra122. doi: 10. 1126/scitranslmed. 3004291 

PubMed Abstract | CrossRef Full Text | Google Scholar 

Roh, J. H., Jiang, H., Finn, M. B., Stewart, F. R., Mahan, T. E., Cirrito, J. R., et al.

(2014). Potential role of orexin and sleep modulation in the pathogenesis of 

https://assignbuster.com/sleep-and-amyloid-deposition-in-alzheimer-disease-
insights-on-mechanisms-and-possible-innovative-treatments/

http://scholar.google.com/scholar_lookup?author=J.%20H.+Roh&author=Y.+Huang&author=A.%20W.+Bero&author=T.+Kasten&author=F.%20R.+Stewart&author=R.%20J.+Bateman&publication_year=2012&title=Disruption%20of%20the%20sleep%E2%80%93wake%20cycle%20and%20diurnal%20fluctuation%20of%20%CE%B2-amyloid%20in%20mice%20with%20Alzheimer%E2%80%99s%20disease%20pathology&journal=Sci.+Transl.+Med.&volume=4&
https://doi.org/10.1126/scitranslmed.3004291
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=22956200
http://scholar.google.com/scholar_lookup?author=D.+Riemann&author=K.+Spiegelhalder&author=C.+Espie&author=T.+Pollm%C3%A4cher&author=D.+L%C3%A9ger&author=C.+Bassetti&publication_year=2011&title=Chronic%20insomnia%3A%20clinical%20and%20research%20challenges%E2%80%94an%20agenda&journal=Pharmacopsychiatry&volume=44&pages=1
https://doi.org/10.1055/s-0030-1267978
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=21161882
http://scholar.google.com/scholar_lookup?author=F.+Reda&author=M.+Gorgoni&author=G.+Lauri&author=I.+Truglia&author=S.+Cordone&author=S.+Scarpelli&publication_year=2017&title=In%20search%20of%20sleep%20biomarkers%20of%20Alzheimer%E2%80%99s%20disease%3A%20K-complexes%20do%20not%20discriminate%20between%20patients%20with%20mild%20cognitive%20impairment%20and%20healthy%20controls&journal=Brain+Sci.&volume=7&
https://doi.org/10.3390/brainsci7050051
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=28468235
http://scholar.google.com/scholar_lookup?author=G.+Rauchs&author=M.+Schabus&author=S.+Parapatics&author=F.+Bertran&author=P.+Clochon&author=P.+Hot&publication_year=2008&title=Is%20there%20a%20link%20between%20sleep%20changes%20and%20memory%20in%20Alzheimer%E2%80%99s%20disease&journal=Neuroreport.&volume=19&pages=1159
https://doi.org/10.1097/WNR.0b013e32830867c4
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=18596620


 Sleep and β-amyloid deposition in alzhei... – Paper Example  Page 52

Alzheimer’s disease. J. Exp. Med. 211 (13), 2487–2496. doi: 10. 1084/jem. 

20141788 

PubMed Abstract | CrossRef Full Text | Google Scholar 

Rothman, S. M., Herdener, N., Frankola, K. A., Mughal, M. R., Mattson, M. P. 

(2013). Chronic mild sleep restriction accentuates contextual memory 

impairments, and accumulations of cortical Aβ and pTau in a mouse model of

Alzheimer’s disease. Brain Res. 5 (1529), 200–208. doi: 10. 1016/j. brainres. 

2013. 07. 010 

CrossRef Full Text | Google Scholar 

Sahlem, G. L., Badran, B. W., Halford, J. J., Williams, N. R., Korte, J. E., Leslie, 

K., et al. (2015). Oscillating square wave transcranial direct current 

stimulation (tDCS) delivered during slow wave sleep does not improve 

declarative memory more than sham: a randomized sham controlled 

crossover study. Brain Stimul. 8 (3), 528–534. doi: 10. 1016/j. brs. 2015. 01. 

414 

PubMed Abstract | CrossRef Full Text | Google Scholar 

Scullin, M. K., Bliwise, D. L. (2015). Is cognitive aging associated with levels 

of REM sleep or slow wave sleep? Sleep 38 (3), 335–336. doi: 10. 5665/sleep.

4482 

PubMed Abstract | CrossRef Full Text | Google Scholar 

https://assignbuster.com/sleep-and-amyloid-deposition-in-alzheimer-disease-
insights-on-mechanisms-and-possible-innovative-treatments/

http://scholar.google.com/scholar_lookup?author=M.%20K.+Scullin&author=D.%20L.+Bliwise&publication_year=2015&title=Is%20cognitive%20aging%20associated%20with%20levels%20of%20REM%20sleep%20or%20slow%20wave%20sleep&journal=Sleep&volume=38&pages=335
https://doi.org/10.5665/sleep.4482
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=25669196
http://scholar.google.com/scholar_lookup?author=G.%20L.+Sahlem&author=B.%20W.+Badran&author=J.%20J.+Halford&author=N.%20R.+Williams&author=J.%20E.+Korte&author=K.+Leslie&publication_year=2015&title=Oscillating%20square%20wave%20transcranial%20direct%20current%20stimulation%20(tDCS)%20delivered%20during%20slow%20wave%20sleep%20does%20not%20improve%20declarative%20memory%20more%20than%20sham%3A%20a%20randomized%20sham%20controlled%20crossover%20study&journal=Brain+Stimul.&volume=8&pages=528
https://doi.org/10.1016/j.brs.2015.01.414
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=25795621
http://scholar.google.com/scholar_lookup?author=S.%20M.+Rothman&author=N.+Herdener&author=K.%20A.+Frankola&author=M.%20R.+Mughal&author=M.%20P.+Mattson&publication_year=2013&title=Chronic%20mild%20sleep%20restriction%20accentuates%20contextual%20memory%20impairments%2C%20and%20accumulations%20of%20cortical%20A%CE%B2%20and%20pTau%20in%20a%20mouse%20model%20of%20Alzheimer%E2%80%99s%20disease&journal=Brain+Res.&volume=5&pages=200
https://doi.org/10.1016/j.brainres.2013.07.010
http://scholar.google.com/scholar_lookup?author=J.%20H.+Roh&author=H.+Jiang&author=M.%20B.+Finn&author=F.%20R.+Stewart&author=T.%20E.+Mahan&author=J.%20R.+Cirrito&publication_year=2014&title=Potential%20role%20of%20orexin%20and%20sleep%20modulation%20in%20the%20pathogenesis%20of%20Alzheimer%E2%80%99s%20disease&journal=J.+Exp.+Med.&volume=211&pages=2487
https://doi.org/10.1084/jem.20141788
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=25422493


 Sleep and β-amyloid deposition in alzhei... – Paper Example  Page 53

Sepulcre, J., Sabuncu, M. R., Becker, A., Sperling, R., Johnson, K. A. (2013). In 

vivo characterization of the early states of the amyloid-beta network. Brain 

136 (Pt 7), 2239–2252. doi: 10. 1093/brain/awt146 

PubMed Abstract | CrossRef Full Text | Google Scholar 

Sharma, R. A., Varga, A. W., Bubu, O. M., Pirraglia, E., Kam, K., Parekh, A., et 

al. (2017). Obstructive sleep apnea severity affects amyloid burden in 

cognitively normal elderly. Am. J. Respir. Crit. Care Med. 197 (7), 933–943. 

doi: 10. 1164/rccm. 201704-0704OC 

CrossRef Full Text | Google Scholar 

Shokri-Kojori, E., Wang, G. J., Wiers, C. E., Demiral, S. B., Guo, M., Won Kim, 

S., et al. (2018). β amyloid accumulation in the human brain after one night 

of sleep deprivation. PNAS 115 (17), 4483–4488. doi: 10. 1073/pnas. 

1721694115 

PubMed Abstract | CrossRef Full Text | Google Scholar 

Sperling, R. A., Aisen, P. S., Beckett, L. A., Bennett, D. A., Craft, S., Fagan, A. 

M., et al. (2011). Toward defining the preclinical stages of Alzheimer’s 

disease: recommendations from the National Institute on Aging–Alzheimer’s 

Association workgroups on diagnostic guidelines for Alzheimer’s disease. 

Alzheimers Dement. 7 (3), 280–292. doi: 10. 1016/j. jalz. 2011. 03. 003 

PubMed Abstract | CrossRef Full Text | Google Scholar 

https://assignbuster.com/sleep-and-amyloid-deposition-in-alzheimer-disease-
insights-on-mechanisms-and-possible-innovative-treatments/

http://scholar.google.com/scholar_lookup?author=R.%20A.+Sperling&author=P.%20S.+Aisen&author=L.%20A.+Beckett&author=D.%20A.+Bennett&author=S.+Craft&author=A.%20M.+Fagan&publication_year=2011&title=Toward%20defining%20the%20preclinical%20stages%20of%20Alzheimer%E2%80%99s%20disease%3A%20recommendations%20from%20the%20National%20Institute%20on%20Aging%E2%80%93Alzheimer%E2%80%99s%20Association%20workgroups%20on%20diagnostic%20guidelines%20for%20Alzheimer%E2%80%99s%20disease&journal=Alzheimers+Dement.&volume=7&pages=280
https://doi.org/10.1016/j.jalz.2011.03.003
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=21514248
http://scholar.google.com/scholar_lookup?author=E.+Shokri-Kojori&author=G.%20J.+Wang&author=C.%20E.+Wiers&author=S.%20B.+Demiral&author=M.+Guo&author=S.+Won%20Kim&publication_year=2018&title=%CE%B2%20amyloid%20accumulation%20in%20the%20human%20brain%20after%20one%20night%20of%20sleep%20deprivation&journal=PNAS&volume=115&pages=4483
https://doi.org/10.1073/pnas.1721694115
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=29632177
http://scholar.google.com/scholar_lookup?author=R.%20A.+Sharma&author=A.%20W.+Varga&author=O.%20M.+Bubu&author=E.+Pirraglia&author=K.+Kam&author=A.+Parekh&publication_year=2017&title=Obstructive%20sleep%20apnea%20severity%20affects%20amyloid%20burden%20in%20cognitively%20normal%20elderly&journal=Am.+J.+Respir.+Crit.+Care+Med.&volume=197&pages=933
https://doi.org/10.1164/rccm.201704-0704OC
http://scholar.google.com/scholar_lookup?author=J.+Sepulcre&author=M.%20R.+Sabuncu&author=A.+Becker&author=R.+Sperling&author=K.%20A.+Johnson&publication_year=2013&title=In%20vivo%20characterization%20of%20the%20early%20states%20of%20the%20amyloid-beta%20network&journal=Brain&volume=136&pages=2239
https://doi.org/10.1093/brain/awt146
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=23801740


 Sleep and β-amyloid deposition in alzhei... – Paper Example  Page 54

Spira, A. P., Gottesman, R. F. (2017). Sleep disturbance: an emerging 

opportunity for Alzheimer’s disease prevention? Int. Psychogeriatr. 29 (4), 

529–531. doi: 10. 1017/S1041610216002131 

PubMed Abstract | CrossRef Full Text | Google Scholar 

Spira, A. P., Gamaldo, A. A., An, Y., Wu, M. N., Simonsick, E. M., Bilgel, M., et 

al. (2013). Self-reported sleep and β-amyloid deposition in community-

dwelling older adults. JAMA Neurol. 70 (12), 1537–1543. doi: 10. 

1001/jamaneurol. 2013. 4258 

PubMed Abstract | CrossRef Full Text | Google Scholar 

Sweeney, M. D., Zlokovic, B. V. (2018). A lymphatic waste-disposal system 

implicated in Alzheimer’s disease. Nature 560 (7717), 172–174. doi: 10. 

1038/d41586-018-05763-0 

PubMed Abstract | CrossRef Full Text | Google Scholar 

Tabuchi, M., Lone, S. R., Liu, S., Liu, Q., Zhang, J., Spira, A. P., et al. (2015). 

Sleep interacts with aβ to modulate intrinsic neuronal excitability. Curr. Biol. 

25 (6), 702–712. doi: 10. 1016/j. cub. 2015. 01. 016 

PubMed Abstract | CrossRef Full Text | Google Scholar 

van Someren, E. J., Hagebeuk, E. E., Lijzenga, C., Scheltens, P., de Rooij, S. 

E., Jonker, C., et al. (1996). Circadian rest–activity rhythm disturbances in 

Alzheimer’s disease. Biol. Psychiatry 40 (4), 259–70. doi: 10. 1016/0006-

3223(95)00370-3 

https://assignbuster.com/sleep-and-amyloid-deposition-in-alzheimer-disease-
insights-on-mechanisms-and-possible-innovative-treatments/

http://scholar.google.com/scholar_lookup?author=M.+Tabuchi&author=S.%20R.+Lone&author=S.+Liu&author=Q.+Liu&author=J.+Zhang&author=A.%20P.+Spira&publication_year=2015&title=Sleep%20interacts%20with%20a%CE%B2%20to%20modulate%20intrinsic%20neuronal%20excitability&journal=Curr.+Biol.&volume=25&pages=702
https://doi.org/10.1016/j.cub.2015.01.016
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=25754641
http://scholar.google.com/scholar_lookup?author=M.%20D.+Sweeney&author=B.%20V.+Zlokovic&publication_year=2018&title=A%20lymphatic%20waste-disposal%20system%20implicated%20in%20Alzheimer%E2%80%99s%20disease&journal=Nature&volume=560&pages=172
https://doi.org/10.1038/d41586-018-05763-0
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=30076374
http://scholar.google.com/scholar_lookup?author=A.%20P.+Spira&author=A.%20A.+Gamaldo&author=Y.+An&author=M.%20N.+Wu&author=E.%20M.+Simonsick&author=M.+Bilgel&publication_year=2013&title=Self-reported%20sleep%20and%20%CE%B2-amyloid%20deposition%20in%20community-dwelling%20older%20adults&journal=JAMA+Neurol.&volume=70&pages=1537
https://doi.org/10.1001/jamaneurol.2013.4258
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=24145859
http://scholar.google.com/scholar_lookup?author=A.%20P.+Spira&author=R.%20F.+Gottesman&publication_year=2017&title=Sleep%20disturbance%3A%20an%20emerging%20opportunity%20for%20Alzheimer%E2%80%99s%20disease%20prevention&journal=Int.+Psychogeriatr.&volume=29&pages=529
https://doi.org/10.1017/S1041610216002131
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=27938445


 Sleep and β-amyloid deposition in alzhei... – Paper Example  Page 55

PubMed Abstract | CrossRef Full Text | Google Scholar 

Varga, A. W., Wohlleber, M. E., Gimènes, S., Romero, S., Alonso, J. F., Ducca, 

E. L., et al. (2016). Reduced slow-wave sleep is associated with high 

cerebrospinal fluid Aβ42 levels in cognitively normal elderly. Sleep Aging 39 

(11), 2041–2048. doi: 10. 5665/sleep. 6240 

CrossRef Full Text | Google Scholar 

Vecchio, F., Miraglia, F., Gorgoni, M., Ferrara, M., Iberite, F., Bramanti, P., et 

al. (2017). Cortical connectivity modulation during sleep onset: a study via 

graph theory on EEG data. Hum. Brain Mapp. 38 (11), 5456–5464. doi: 10. 

1002/hbm. 23736 

PubMed Abstract | CrossRef Full Text | Google Scholar 

Vitiello, M. V., Prinz, P. N., Williams, D. E., Frommlet, M. S., Ries, R. K. (1990). 

Sleep disturbances in patients with mild-stage Alzheimer’s disease. J. 

Gerontol. 45 (4), M131–8. doi: 10. 1093/geronj/45. 4. M131 

PubMed Abstract | CrossRef Full Text | Google Scholar 

Vitiello, M. V., Prinz, P. N. (1989). Alzheimer’s disease. Clin. Geriatr. Med. 5 

(2), 289–299. doi: 10. 1016/S0749-0690(18)30679-7 

PubMed Abstract | CrossRef Full Text | Google Scholar 

Vyazovskiy, V. V., Olcese, U., Lazimy, Y. M., Faraguna, U., Esser, S. K., 

Williams, J. C., et al. (2009). Cortical firing and sleep homeostasis. Neuron 63,

865–878. doi: 10. 1016/j. neuron. 2009. 08. 024 
https://assignbuster.com/sleep-and-amyloid-deposition-in-alzheimer-disease-
insights-on-mechanisms-and-possible-innovative-treatments/

http://scholar.google.com/scholar_lookup?author=M.%20V.+Vitiello&author=P.%20N.+Prinz&publication_year=1989&title=Alzheimer%E2%80%99s%20disease&journal=Clin.+Geriatr.+Med.&volume=5&pages=289
https://doi.org/10.1016/S0749-0690(18)30679-7
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=2665912
http://scholar.google.com/scholar_lookup?author=M.%20V.+Vitiello&author=P.%20N.+Prinz&author=D.%20E.+Williams&author=M.%20S.+Frommlet&author=R.%20K.+Ries&publication_year=1990&title=Sleep%20disturbances%20in%20patients%20with%20mild-stage%20Alzheimer%E2%80%99s%20disease&journal=J.+Gerontol.&volume=45&pages=M131-8
https://doi.org/10.1093/geronj/45.4.M131
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=2365965
http://scholar.google.com/scholar_lookup?author=F.+Vecchio&author=F.+Miraglia&author=M.+Gorgoni&author=M.+Ferrara&author=F.+Iberite&author=P.+Bramanti&publication_year=2017&title=Cortical%20connectivity%20modulation%20during%20sleep%20onset%3A%20a%20study%20via%20graph%20theory%20on%20EEG%20data&journal=Hum.+Brain+Mapp.&volume=38&pages=5456
https://doi.org/10.1002/hbm.23736
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=28744955
http://scholar.google.com/scholar_lookup?author=A.%20W.+Varga&author=M.%20E.+Wohlleber&author=S.+Gim%C3%A8nes&author=S.+Romero&author=J.%20F.+Alonso&author=E.%20L.+Ducca&publication_year=2016&title=Reduced%20slow-wave%20sleep%20is%20associated%20with%20high%20cerebrospinal%20fluid%20A%CE%B242%20levels%20in%20cognitively%20normal%20elderly&journal=Sleep+Aging&volume=39&pages=2041
https://doi.org/10.5665/sleep.6240
http://scholar.google.com/scholar_lookup?author=E.%20J.+van%20Someren&author=E.%20E.+Hagebeuk&author=C.+Lijzenga&author=P.+Scheltens&author=S.%20E.+de%20Rooij&author=C.+Jonker&publication_year=1996&title=Circadian%20rest%E2%80%93activity%20rhythm%20disturbances%20in%20Alzheimer%E2%80%99s%20disease&journal=Biol.+Psychiatry&volume=40&pages=259-70
https://doi.org/10.1016/0006-3223(95)00370-3
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=8871772


 Sleep and β-amyloid deposition in alzhei... – Paper Example  Page 56

PubMed Abstract | CrossRef Full Text | Google Scholar 

Volkow, N. D., Tomasi, D., Wang, G. J., Telang, F., Fowler, J. S., Logan, J., et al.

(2012). Evidence that sleep deprivation downregulates dopamine D2R in 

ventral striatum in the human brain. J. Neurosci. 32, 6711–6717. doi: 10. 

1523/JNEUROSCI. 0045-12. 2012 

PubMed Abstract | CrossRef Full Text | Google Scholar 

Watson Brendon, O., Levenstein, D., Greene, J. P., Gelinas Jennifer, N., 

Buzsáki, G. (2016). Network homeostasis and state dynamics of neocortical 

sleep. Neuron 90, 839–852. doi: 10. 1016/j. neuron. 2016. 03. 036 

PubMed Abstract | CrossRef Full Text | Google Scholar 

Wei, M., Zhao, B., Huo, K., Deng, Y., Shang, S., Liu, J., et al. (2017). Sleep 

deprivation induced plasma amyloid-β transport disturbance in healthy 

young adults. J. Alz. Dis. 57 (3), 899–906. doi: 10. 3233/JAD-161213 

CrossRef Full Text | Google Scholar 

Westerberg, C. E., Mander, B. A., Florczak, S. M., Weintraub, S., Mesulam, M. 

M., Zee, P. C., et al. (2012). Concurrent impairments in sleep and memory in 

amnestic mild cognitive impairment. J. Int. Neuropsychol. Soc. 18 (3), 490–

500. doi: 10. 1017/S135561771200001X 

PubMed Abstract | CrossRef Full Text | Google Scholar 

https://assignbuster.com/sleep-and-amyloid-deposition-in-alzheimer-disease-
insights-on-mechanisms-and-possible-innovative-treatments/

http://scholar.google.com/scholar_lookup?author=C.%20E.+Westerberg&author=B.%20A.+Mander&author=S.%20M.+Florczak&author=S.+Weintraub&author=M.%20M.+Mesulam&author=P.%20C.+Zee&publication_year=2012&title=Concurrent%20impairments%20in%20sleep%20and%20memory%20in%20amnestic%20mild%20cognitive%20impairment&journal=J.+Int.+Neuropsychol.+Soc.&volume=18&pages=490
https://doi.org/10.1017/S135561771200001X
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=22300710
http://scholar.google.com/scholar_lookup?author=M.+Wei&author=B.+Zhao&author=K.+Huo&author=Y.+Deng&author=S.+Shang&author=J.+Liu&publication_year=2017&title=Sleep%20deprivation%20induced%20plasma%20amyloid-%CE%B2%20transport%20disturbance%20in%20healthy%20young%20adults&journal=J.+Alz.+Dis.&volume=57&pages=899
https://doi.org/10.3233/JAD-161213
http://scholar.google.com/scholar_lookup?author=O.+Watson%20Brendon&author=D.+Levenstein&author=J.%20P.+Greene&author=N.+Gelinas%20Jennifer&author=G.+Buzs%C3%A1ki&publication_year=2016&title=Network%20homeostasis%20and%20state%20dynamics%20of%20neocortical%20sleep&journal=Neuron&volume=90&pages=839
https://doi.org/10.1016/j.neuron.2016.03.036
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=27133462
http://scholar.google.com/scholar_lookup?author=N.%20D.+Volkow&author=D.+Tomasi&author=G.%20J.+Wang&author=F.+Telang&author=J.%20S.+Fowler&author=J.+Logan&publication_year=2012&title=Evidence%20that%20sleep%20deprivation%20downregulates%20dopamine%20D2R%20in%20ventral%20striatum%20in%20the%20human%20brain&journal=J.+Neurosci.&volume=32&pages=6711
https://doi.org/10.1523/JNEUROSCI.0045-12.2012
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=22573693
http://scholar.google.com/scholar_lookup?author=V.%20V.+Vyazovskiy&author=U.+Olcese&author=Y.%20M.+Lazimy&author=U.+Faraguna&author=S.%20K.+Esser&author=J.%20C.+Williams&publication_year=2009&title=Cortical%20firing%20and%20sleep%20homeostasis&journal=Neuron&volume=63&pages=865
https://doi.org/10.1016/j.neuron.2009.08.024
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=19778514


 Sleep and β-amyloid deposition in alzhei... – Paper Example  Page 57

Xie, L., Kang, H., Xu, Q., Chen, M. J., Liao, Y., Thiyagarajan, M., et al. (2013). 

Sleep drives metabolite clearance from the adult brain. Science 342 (6156), 

373–377. doi: 10. 1126/science. 1241224 

PubMed Abstract | CrossRef Full Text | Google Scholar 

Xu, J., Wang, L. L., Dammer, E. B., Li, C. B., Xu, G., Chen, S. D., et al. (2015). 

Melatonin for sleep disorders and cognition in dementia: a meta-analysis of 

randomized controlled trials. Am. J. Alzheimers Dis. Other. Demen. 30 (5), 

439–447. doi: 10. 1177/1533317514568005 

PubMed Abstract | CrossRef Full Text | Google Scholar 

Yaffe, K., Falvey, C. M., Hoang, T. (2014). Connections between sleep and 

cognition in older adults. Lancet Neurol. 13 (10), 1017–1028. doi: 10. 

1016/S1474-4422(14)70172-3 

PubMed Abstract | CrossRef Full Text | Google Scholar 

Yoo, S. S., Hu, P. T., Gujar, N., Jolesz, F. A., Walker, M. P. (2007). A deficit in 

the ability to form new human memories without sleep. Nat. Neurosci. 10 (3),

385–392. doi: 10. 1038/nn1851 

PubMed Abstract | CrossRef Full Text | Google Scholar 

Yulug, B., Hanoglu, L., Kilic, E. (2017). Does sleep disturbance affect the 

amyloid clearance mechanisms in Alzheimer’s disease? Psychiatry Clin. 

Neurosci. 71 (10), 673–677. doi: 10. 1111/pcn. 12539 

PubMed Abstract | CrossRef Full Text | Google Scholar 
https://assignbuster.com/sleep-and-amyloid-deposition-in-alzheimer-disease-
insights-on-mechanisms-and-possible-innovative-treatments/

http://scholar.google.com/scholar_lookup?author=B.+Yulug&author=L.+Hanoglu&author=E.+Kilic&publication_year=2017&title=Does%20sleep%20disturbance%20affect%20the%20amyloid%20clearance%20mechanisms%20in%20Alzheimer%E2%80%99s%20disease&journal=Psychiatry+Clin.+Neurosci.&volume=71&pages=673
https://doi.org/10.1111/pcn.12539
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=28523718
http://scholar.google.com/scholar_lookup?author=S.%20S.+Yoo&author=P.%20T.+Hu&author=N.+Gujar&author=F.%20A.+Jolesz&author=M.%20P.+Walker&publication_year=2007&title=A%20deficit%20in%20the%20ability%20to%20form%20new%20human%20memories%20without%20sleep&journal=Nat.+Neurosci.&volume=10&pages=385
https://doi.org/10.1038/nn1851
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=17293859
http://scholar.google.com/scholar_lookup?author=K.+Yaffe&author=C.%20M.+Falvey&author=T.+Hoang&publication_year=2014&title=Connections%20between%20sleep%20and%20cognition%20in%20older%20adults&journal=Lancet+Neurol.&volume=13&pages=1017
https://doi.org/10.1016/S1474-4422(14)70172-3
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=25231524
http://scholar.google.com/scholar_lookup?author=J.+Xu&author=L.%20L.+Wang&author=E.%20B.+Dammer&author=C.%20B.+Li&author=G.+Xu&author=S.%20D.+Chen&publication_year=2015&title=Melatonin%20for%20sleep%20disorders%20and%20cognition%20in%20dementia%3A%20a%20meta-analysis%20of%20randomized%20controlled%20trials&journal=Am.+J.+Alzheimers+Dis.+Other.+Demen.&volume=30&pages=439
https://doi.org/10.1177/1533317514568005
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=25614508
http://scholar.google.com/scholar_lookup?author=L.+Xie&author=H.+Kang&author=Q.+Xu&author=M.%20J.+Chen&author=Y.+Liao&author=M.+Thiyagarajan&publication_year=2013&title=Sleep%20drives%20metabolite%20clearance%20from%20the%20adult%20brain&journal=Science&volume=342&pages=373
https://doi.org/10.1126/science.1241224
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=24136970


 Sleep and β-amyloid deposition in alzhei... – Paper Example  Page 58

Zeppenfeld, D. M., Simon, M., Haswell, J. D., D’Abreo, D., Murchison, C., 

Quinn, J. F., et al. (2017). Association of perivascular localization of 

aquaporin-4 with cognition and Alzheimer disease in aging brains. JAMA 

Neurol. 74 (1), 91–99. doi: 10. 1001/jamaneurol. 2016. 4370 

PubMed Abstract | CrossRef Full Text | Google Scholar 

Zhao, H. Y., Wu, H. J., He, J. L., Zhuang, J. H., Liu, Z. Y., Huang, L. Q., et al. 

(2017). Chronic sleep restriction induces cognitive deficits and cortical beta-

amyloid deposition in mice via BACE1-antisense activation. CNS Neurosci. 

Ther. 23 (3), 233–240. doi: 10. 1111/cns. 12667 

PubMed Abstract | CrossRef Full Text | Google Scholar 

https://assignbuster.com/sleep-and-amyloid-deposition-in-alzheimer-disease-
insights-on-mechanisms-and-possible-innovative-treatments/

http://scholar.google.com/scholar_lookup?author=H.%20Y.+Zhao&author=H.%20J.+Wu&author=J.%20L.+He&author=J.%20H.+Zhuang&author=Z.%20Y.+Liu&author=L.%20Q.+Huang&publication_year=2017&title=Chronic%20sleep%20restriction%20induces%20cognitive%20deficits%20and%20cortical%20beta-amyloid%20deposition%20in%20mice%20via%20BACE1-antisense%20activation&journal=CNS+Neurosci.+Ther.&volume=23&pages=233
https://doi.org/10.1111/cns.12667
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=28145081
http://scholar.google.com/scholar_lookup?author=D.%20M.+Zeppenfeld&author=M.+Simon&author=J.%20D.+Haswell&author=D.+D%E2%80%99Abreo&author=C.+Murchison&author=J.%20F.+Quinn&publication_year=2017&title=Association%20of%20perivascular%20localization%20of%20aquaporin-4%20with%20cognition%20and%20Alzheimer%20disease%20in%20aging%20brains&journal=JAMA+Neurol.&volume=74&pages=91
https://doi.org/10.1001/jamaneurol.2016.4370
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=27893874

	Sleep and β-amyloid deposition in alzheimer disease: insights on mechanisms and p...
	Introduction
	Sleep and Aβ: A Bidirectional Relationship
	Aβ and Sleep Disturbances: A New Perspective
	The Effects of Sleep Deprivation on the β-Amyloid Accumulation
	Animal Models
	Human Models

	AD as a Multifactorial Disease: Beyond Amyloid
	The Role of Sleep in Clearing the Brain of Toxic Metabolic By-Products
	The Relation Between Slow-Wave Activity (Swa), Nrem Oscillation Components, β-Amyloid Burden, and Brain Structural and Functional Differences
	Possible Innovative Treatments
	Concluding Remarks
	Author Contributions
	Conflict of Interest Statement
	Supplementary Material
	References


