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Alzheimer’s disease (AD) pathology, characterized by Aβ deposition in the brain as 

insoluble extracellular plaques and intracellular tau aggregation in paired helical filaments, 

begins to develop ~10–15 years before the onset of memory impairment (1). By the time 

cognitive symptoms and signs are present, substantial synaptic and neuronal injury has 

already occurred. In recent years, one focus of AD research has been to define the 

preclinical phase of AD, when Aβ with or without neocortical tau deposition has begun to 

occur, but before clear cognitive decline. The ultimate goal is therapeutic intervention at this 

stage to prevent progression to symptomatic AD (2). AD pathology has long been associated 

with memory impairment in older adults, but recent evidence has also shown Aβ deposition 

to be associated with disruption in sleep quality even in the absence of cognitive impairment 

(3). Furthermore, recent evidence supports a role for sleep in the development of AD, at 

least in part by influencing Aβ. Aβ fluctuates diurnally: soluble Aβ levels are higher during 

wakefulness and lower during sleep (4,5). Sleep deprivation accelerates Aβ deposition in 

APP transgenic mice (4), whereas orexin deficiency, which increases sleep, decreases it (6). 

In addition, amyloid deposition disrupts sleep in APP transgenic mice (7). The relationship 

between sleep and Aβ deposition has thus been proposed to be bidirectional: sleep disruption 

leads to protein deposits and protein deposits result in sleep disturbance (8). The relationship 

among Aβ deposition, other aspects of AD pathology, sleep and memory impairment are not 

well defined in humans.

In this issue of Nature Neuroscience, Mander et al. (9) report a link between brain Aβ 

deposition, sleep and memory dysfunction. They hypothesize that Aβ accumulation in the 

medial prefrontal cortex (mPFC) is associated with diminished slow-wave activity (SWA) 

during non-REM (NREM) sleep that further correlates with the extent of impaired overnight 

hippocampus-dependent memory consolidation in older adults. Previous work from this 

group has shown that mPFC atrophy is associated with reduced NREM SWA and that this 

association correlates with overnight memory retention (10). To further investigate whether 

amyloid deposition rather than brain atrophy has a similar effect, the authors recruited 26 

cognitively normal older adults who underwent positron emission tomography imaging with 

Pittsburgh compound B to determine the amount of fibrillar Aβ deposited in the brain. To 

assess memory function, all participants trained on a set of word pairs in the evening. Then 
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sleep was monitored overnight with polysomnography to assess different sleep stages, such 

as NREM sleep, and to obtain electroencephalography (EEG) for power analysis. 

Participants took the word-pair test again in the morning during a functional MRI scanning 

session.

The authors found that higher amyloid burden in the mPFC correlated with decreased 

NREM SWA in this brain region, but not with higher frequencies of EEG activity or with 

decreased NREM SWA in other regions. This decrease in mPFC NREM SWA further 

correlated with worse overnight memory retention, even after controlling for age and sex. 

The authors then sought to determine the interaction of these factors using path analysis. 

Three models were constructed to determine the nature of the interactions between the 

factors. The standardized metrics used to determine the interactions were root-mean-square 

residual, goodness of fit and Bayesian information criterion. Using parameters for mPFC 

amyloid, SWA, hippocampal activation and memory retention, the model with the best 

statistical fit to emerge was a sleep-dependent model in which the influence of mPFC 

fibrillar Aβ deposition on impaired memory retention was not direct, but was mediated 

through sleep, implying a causative relationship (Fig. 1a).

Sleep and memory are both network processes in the brain and are not the properties of one 

specific brain region. For example, the encoding and recognition phases of working memory 

and long-term memory involve the prefrontal cortex and many other brain regions, including 

cingulate, parietal and temporal lobe regions (11). Similarly, functional neuroimaging has 

shown sleep stage–dependent changes in regional brain connectivity (12). Furthermore, 

there are changes in other brain networks during sleep. The transition from wakefulness to 

progressively deeper stages of sleep, for example, has been associated with decreased 

connectivity of the mPFC to the default mode network (13).

Cognitive decline in AD progression involves memory dysfunction coincident with 

disruption of entorhinal-hippocampal connectivity, but disruption of brain networks such as 

the default mode network has also been shown, even during the preclinical phase (14). 

Recent work has also shown that sleep quality is worse in cognitively normal older adults 

with amyloid deposition than in those without (3). These findings support the hypothesis 

that Aβ deposition disrupts sleep as a network process. Furthermore, the interaction between 

sleep and memory is likely more complicated than the authors’ model suggests. For 

instance, their research group previously reported that age-related mPFC atrophy was 

associated with decreased NREM SWA and sleep-dependent memory retention (10), 

suggesting that processes related to normal aging are involved.

Mander et al. (9) provide associative evidence of a possible sleep-mediated mechanism that 

leads linearly from amyloid deposition to slow-wave sleep disruption to abnormal 

hippocampal activation to memory impairment in AD (Fig. 1a). As the authors 

acknowledge, this study is cross-sectional and correlational, limiting its interpretation in 

terms of establishing causation. The proposed sleep-dependent model fits the study data 

statistically, but there are plausible alternative hypotheses. For example, amyloid deposition 

may affect memory and sleep simultaneously by disrupting their respective networks (Fig. 

1b). AD risk is related to increasing age, genetics and environmental factors (such as 
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exercise and diet) that influence AD pathology. Age is also associated with changes in sleep 

such as decreased NREM slow-wave sleep and modification of sleep has been associated 

with changes in Aβ in both mice and humans (4,15). Sleep disturbances related to aging may 

impair memory while also precipitating and/or amplifying Aβ deposition, leading to a 

feedback loop of amyloid plaque formation causing further sleep disruption in addition to 

memory loss (Fig. 1c). Tau deposition may contribute to the observations here and will be 

especially important to follow, as it initially deposits and accumulates in the medial 

temporal lobe, begins to spread to the neocortex as amyloid deposition progresses and is 

strongly correlated with cognitive decline in AD. The question may best ultimately be 

answered with a longitudinal approach following Aβ, other AD pathologies including tau, 

sleep, memory and brain network function in older adults over several years.

In addition to decreasing sleep quality, amyloid effects on sleep may also hinder adaptability 

to new environments. Mander et al. (9) assessed sleep in the home setting with sleep logs 

and then monitored it overnight in a sleep laboratory with polysomnography. Although 

participants were permitted to sleep at times similar to their home sleep periods, the authors 

did not compare participant sleep quality during the sleep study compared with self-report 

nor assess the sleep-wake cycle by a constant measure across the entire study period, as 

would be possible with methods such as actigraphy. Without these data, a possible 

explanation for the study findings is that Aβ deposition results in poor adaptability to new 

sleep environments (that is, the sleep laboratory) and that decreased sleep quality from 

baseline led to the observed changes in NREM SWA and memory. As the authors note, 

EEG-based sleep stage monitoring in the home with memory testing would be more 

representative of the participants’ sleep quality.

Despite these issues, the study by Mander et al. (9) provides important new insights into the 

changes in sleep and memory in preclinical AD, as well as indicating potential new avenues 

for investigations. Future longitudinal studies will be helpful to define the cascade of 

changes in brain functions, such as memory and sleep, caused by AD pathologies, including 

amyloid and tau deposition as well as neuroinflammation. Hypothetically, sleep could be 

used as a diagnostic marker for Aβ deposition and/or a disease-modifying treatment. Further 

understanding the relationships between AD pathology, sleep and memory may lead to 

important diagnostic and therapeutic interventions for patients at risk for AD.
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Figure 1. 
Models for the relationship among amyloid, sleep and memory. (a) Model proposed by 

Mander et al. (9). Aβ deposition leads to changes in sleep, such as decreased NREM SWA. 

This then affects memory function that is dependent on sleep. This model suggests a linear 

relationship from amyloid to sleep to memory. (b) Alternative model. Aβ deposition 

independently affects both sleep and memory function. Sleep has additional adverse effects 

on memory. This model suggests that there are parallel relationships between amyloid and 

sleep, and amyloid and memory. (c) Alternative model. Aβ deposition and sleep have a 

bidirectional interaction resulting in a feedback loop, and both affect memory function.
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