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REVIEW

Alzheimer’s disease and sleep disturbances:
areview

Doenca de Alzheimer e distarbios do sono: uma revisao
Conrado Regis BORGES', Dalva POYARES?, Ronaldo PIOVEZAN?, Ricardo NITRINI", Sonia BRUCKI'

ABSTRACT

The association between Alzheimer’s disease (AD) and sleep disturbances has received increasing scientific attention in the last decades.
However, little is known about the impact of sleep and its disturbances on the development of preclinical AD stages, such as mild cognitive
impairment. This review describes the evolution of knowledge about the potential bidirectional relationships between AD and sleep
disturbances exploring recent large prospective studies and meta-analyses and studies of the possible mechanisms through which sleep
and the neurodegenerative process could be associated. The review also makes a comprehensive exploration of the sleep characteristics of
older people, ranging from cognitively normal individuals, through patients with mild cognitive impairment, up to the those with dementia
with AD.
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RESUMO

A associacao entre Doenca de Alzheimer (DA) e distUrbios do sono vem recebendo atencao crescente nas Ultimas décadas. No entanto,
pouco se sabe sobre o impacto do sono e suas alteragcoes no desenvolvimento de estagios pré-clinicos da doenga, como é o caso do
Comprometimento Cognitivo Leve (CCL). Esta revisao descreve a evolugdo do conhecimento sobre as relacoes potencialmente bidirecionais
entre DA e distUrbios do sono, explorando grandes estudos prospectivos e meta-analises, assim como estudos dos possiveis mecanismos
da associacao entre o sono e as doencas neurodegenerativas. Também revisamos amplamente as caracteristicas do sono de pessoas
idosas, incluindo individuos cognitivamente normais, com CCL e com deméncia por DA.

Palavras-chave: Doenca de Alzheimer; distUrbios do inicio e da manutencéo do sono; disfuncao cognitiva.

Sleep is very important to the central nervous system
(CNS) physiology. Changes in sleep quality and structure
take place over a lifetime and are accentuated during healthy
aging. Several studies have shown an association between
sleep and CNS disorders, such as cerebrovascular disease,
Parkinsons disease, multiple sclerosis, epilepsy, headache,
pain and, especially, neurodegenerative disorders’.

Alzheimer’s disease (AD) is the most prevalent neuro-
degenerative disorder and is associated with sleep prob-
lems. Many previous studies have shown that sleep disor-
ders are risk factors for AD. On the other hand, patients with
mild cognitive impairment (MCI) and AD have shown an
increased frequency of sleep disorders. This evidence implies

an hypothesis of the existence of a bidirectional association
between sleep and AD~

Understanding this interaction is of utmost importance
because it would increase knowledge about the role of sleep
in the development of AD, and about the impact AD has on
sleep quality. This could offer cues about how sleep inter-
feres with cognitive and behavioural symptoms of demen-
tia. Additionally, understanding the association between AD
and sleep could lead to insights into the pathophysiological
mechanisms of AD.

The scientific community has widely discussed sleep dis-
turbances in normal aging. From the late "70s to early '80s,
interest in the characteristics of the sleep of patients with

'Universidade de Sao Paulo, Faculdade de Medicina, Hospital das Clinicas, Departamento de Neurologia, Grupo de Neurologia Cognitiva e do Comportamento,

Sao Paulo SP, Brasil;

2Universidade Federal de Sao Paulo, Escola Paulista de Medicina, Instituto do Sono, Sao Paulo SP, Brasil.

Conrado Regis BORGES
https://orcid.org/0000-0003-2537-8766; Ricardo NITRINI
https://orcid.org/0000-0002-8303-6732

https://orcid.org/0000-0003-3220-7746; Dalva POYARES
https://orcid.org/0000-0002-5721-1525; Sonia Maria Dozzi BRUCKI

https://orcid.org/0000-0003-0664-0968; Ronaldo PIOVEZAN

Correspondence: Conrado Regis Borges; R. Enéas de Carvalho Aguiar, 255; 05403-000 Sao Paulo SP, Brasil; E-mail: conradoborges@outlook.com

Conflict of interest: There is no conflict of interest to declare.

Received 03 May 2019; Received in final form 19 June 2019; Received in final form 23 June 2019.

@)er |

815



816

dementia started to increase. Studies using polysomnog-
raphy to compare AD patients in the healthy elderly® pro-
vided knowledge about sleep-disordered breathing® and
changes in sleep structure (especially in rapid eye movement
[REM] sleep) in AD®. The REM sleep behavioral disorder was
described’ late in the 1980s, but its association with Lewy
bodies dementia and Parkinson’s disease was uncovered only
a decade later”.

The knowledge in this area has developed impressively, but
the direction of the relationship between sleep disturbances
and AD remains unknown. Initially, the dominant hypothesis
was that the incidence of both disorders increased with age
and they merely coexisted. However, since the beginning of
the 21* century, many prospective longitudinal studies have
been published, revealing an association of sleep disorders
and an increased risk of dementias.

Consequently, studies in animal models and humans
were developed to explain how sleep disorders could lead
to AD and other dementias. Initial explanations linked the
impaired sleep observed in aged people with higher brain
metabolism, which would result in more neuronal damage in
the long term and, consequently, in the development of ADS.
However, this understanding changed dramatically when, in
2012, a group discovered a close association between sleep
and the glymphatic system, which is responsible for the
clearance of toxic substances from the CNS™.

Another recently expanding research topic is the role of
sleep disturbances in early phases of AD, such as MCI, espe-
cially the amnestic form, subjective cognitive decline and
cognitively normal individuals with AD biomarkers. As these
concepts are still recent, few studies addressing their rela-
tionship with sleep have been carried out'.

SLEEP ASSESSMENT AND COGNITIVE IMPAIRMENT

The study of sleep disorders demands the conduction
of an arsenal of diagnostic methods. Two types of tools are
commonly used: subjective and objective. Among the subjec-
tive methods are methods registering behaviour and scales
of sleep. The main objective methods are polysomnography
and actigraphy.

Despite the advantages of subjective methods, such as
convenience and reduced costs, these may lead to higher
rates of false positive and false negative results, interfering
in the clinical management. Some studies have shown a dis-
crepancy between the information obtained by subjective
and objective methods. For example, individuals with MCI
presented with greater misperception of their sleep onset
time than the corresponding healthy elderly"".

Actigraphy is a reliable method to assess sleep charac-
teristics, despite being less sensitive than polysomnogra-
phy. Some of its advantages are the low cost for an objec-
tive method, the convenience of execution, the low rate of
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interference in sleep quality and the possibility of mapping
the total motor activity of the participant for longer periods,
thus being suitable for circadian cycle studies. Also it is appro-
priate for diagnosing periodic limb movement syndrome'

On the other hand, polysomnography is a more accurate
test for diagnosing multiple kinds of sleep disorders (such as
sleep-disordered breathing, periodic limb movement syn-
drome, and REM sleep behavioural disorder) and alterations
in sleep structure. However, it is more challenging to perform
because of the higher costs and the need to keep the patients
in a sleep laboratory overnight. Moreover, polysomnography
does not allow the assessment of habitual sleep patterns,
mainly in older adults, who have a higher frequency of circa-
dian rhythm changes and daytime naps. In Table 1, we com-
pare the potential differences and advantages of the one sub-
jective and two objective methods.

SLEEP CHANGES IN NORMAL AGING

Studies assessing characteristics of sleep in individuals
of many age groups have shown that several sleep changes
occur in older adults compared with younger ones. Changes
in sleep structure occur and progress as the age advances.

Sleep structure and aging
Sleep quality worsens with aging. Older adults have
greater difficulty initiating and, maintaining sleep, present-

ing with longer sleep time latency'**

and increased sleep
fragmentation™'®. Thus, they tend to spend more time
awake at night (reduced total sleep time) and have reduced
sleep efficiency'. Indeed, some studies reported the wake
time after sleep onset as one of the sleep variables showing
a greater age-related effect size in polysomnographic and

actigraphic studies'.

Table 1. Potential advantages and differences between
self-report, actigraphy and polysomnography recordings.

Objective

Diagnostic methods  Subjective

Actigraphy Polysomnography

Applicability +++ ++ +

Costs i A AFrr
Reliability + ++ +++
Disturbed sleep? - +++
Circadian circle +++ +

Sleep structure - dedidt
Jeep eorcers !
Sililgﬂrcsjleerep behavioral n S
Periodic limb . st

movement syndrome




Additionally, sleep-disordered breathing and periodic
limb movement syndrome may contribute to worsening
these sleep parameters®, as well as medical comorbidities,
pain, and nocturia, which all have increased prevalence in
the elderly.

As aging progresses, the circadian rhythms become
weaker and less synchronized". Progressively, the weaker
circadian response to external cues blurs the boundaries
between asleep and awake'®. Moreover, advances in sleep
stages tend to occur with aging'*'. Older adults frequently
suffer from sleepiness in the early evening and may wake
up too early, becoming unable to return to sleep”. With the
impairment in the sleep-wake cycle, the frequency of day-
time naps and excessive daytime sleepiness increase. This
leads to reduced participation in daytime routines and activ-
ities of daily living".

Polysomnography studies describe a reduction in slow-
wave sleep and a compensatory increase in the lighter sleep
stages (N1 and N2) in the elderly compared with young and
middle-aged people'®!'**'. Figure 1 shows the sleep phases
organization with age published by Moraes et al.".

Fewer and shorter non-REM/REM cycles are observed®.
However, REM sleep reductions are subtler than those
observed in non-REM sleep, and fewer awakenings occur in
REM sleep. Similarly, a study in the Sdo Paulo general popula-
tion showed a small reduction in slow-wave sleep and REM

sleep and larger effect size for the wake time after sleep onset
and respiratory arousals'.

Despite these characteristics of sleep in the elderly, it is
necessary to consider that individual variability exists. For
example, people with the APOE E4 genotype show worse sleep
patterns®, and the coexistence of medical comorbidities.

Electroencephalographic (EEG) sleep changes

On a structural level, changes occur in several measures
of non-REM sleep in the elderly, such as reductions of the
amplitude of slow waves and, consequently, a decrease in
slow-wave activity, that is the quantification of the spectral
power in the 0.5-4.0 Hz range in non-REM sleep™". In young
people, the slow-wave activity in the first sleep cycles is usu-
ally higher, and decreases exponentially across consecutive
sleep cycles. Slow-wave activity is also linked to the homeo-
static drive of sleep following continued wakefulness. For
example, following sleep deprivation, an increase in slow-
wave activity occurs, especially in the initial sleep cycles.
In aged people, however, this variation is reduced, which
suggests an impaired non-REM regulation in this popula-
tion. These alterations are more prominent in anterior brain
regions in comparison with other regions®.

Moreover, the amplitude and the density of slow waves
are reduced progressively as aging proceeds. Furthermore,
there is also an average reduction of the non-REM frequency
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Figure 1. Organization of the sleep in a Brazilian population sample of normal individuals. (The authors authorized the use of

the image)'®.
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of about 0.1 Hz. The brain region that shows more promi-
nent alteration in the non-REM frequencies is the prefrontal
region, and there is a reduction in the gray matter, especially
in the medial prefrontal cortex and middle frontal gyrus".

The N2 light sleep stage comprises about 45% to 55% of
the sleep time. One of the most important markers of this
stage is the sleep spindles—brief bursts of oscillatory fast
activity (with frequencies between 12 Hz and 16 Hz), with
waxing and waning amplitudes. They are generated by the
thalamus reticularis nucleus neurons and have an associa-
tion especially with sensorimotor learning, but also with
visuospatial and memory functions®. Populational EEG
studies have revealed that the spectral power in the fre-
quency range of sleep spindles (12-16 Hz) is also reduced in
the elderly™. Spindle density and amplitude reductions occur
mainly in the frontal lobe regions. In contrast, reductions in
spindle durations are maximal over posterior EEG deriva-
tions®™. Altogether, these changes in the sleep spindles gen-
eration may be associated with impaired procedural learning
observed in the healthy elderly®.

Are sleep impairments part of normal aging?

Whether these sleep changes are part of the normal pro-
cess of aging or are caused by comorbid conditions is still
controversial. For example, psychiatric disorders such as
depression and anxiety, pain syndromes, pulmonary, cardiac,
neurologic and endocrinological diseases, among others,
have consistently been correlated with higher incidences of
sleep disturbances in older people'. However, healthy elderly
adults have also exhibited higher frequencies of sleep distur-
bances and changes in sleep architecture even after control-
ling for other variables.

Another controversy is whether aged people need less
sleep time or not. Arguments in favour say that older peo-
ple sleep much less than younger when offered an extended
period in bed. Moreover, after sleep-deprivation, aged peo-
ple suffer from less rebound of non-REM sleep. Furthermore,
older individuals present with less somnolence after non-
REM sleep deprivation than young ones'. However, a recent
meta-analysis including 27 cohort studies and more than
70,000 elderly individuals, followed up from 3.4 to 35 years,
demonstrated that both long and short sleep duration, as
well as daytime napping for 30 minutes or more, were asso-
ciated with increased all-cause mortality*’. More recently,
a prospective cohort study of community-dwelling elderly
without dementia found higher incidence rates of demen-
tia (all-cause dementia, AD and vascular dementia) among
those with short and long sleep durations®.

Alternatively, researchers arguing against this thesis claim
that old people continue to have a homeostatic sleep drive.
They feel less impact from sleep deprivation, presenting with
less somnolence due to sleep loss and, instead, showing more
cognitive alterations. One possible explanation is a chronic
adaptation to the age-related sleep changes. For example,
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some studies have revealed that older adults without sleep
deprivation show a cognitive performance that is similar to
that observed in sleep-deprived younger people®. Moreover,
the disruption of non-REM sleep could explain the worse
memory performance shown by the elderly®.

Addressing sleep in preclinical AD is still a gray zone and
complex matter. Musiek et al.* performed a cross-section
study of 205 cognitively-normal patients, who underwent
7-14 days of wrist actigraphy and assessment of AD biomark-
ers (such as positron emission tomography (PET)- Pittsburgh
Compound B and cerebrospinal fluid biomarkers). The study
showed that cognitively healthy people with AD biomark-
ers (i.e., preclinical AD) had more rest-activity rhythm frag-
mentation, independent of age or sex.* Studies like this shed
some light on the distinction between sleep in healthy aging
and the initial phases of AD.

SLEEP CHANGES IN MILD COGNITIVE IMPAIRMENT

Mild cognitive impairment is characterized by a mem-
ory impairment beyond that expected for age and education,
although the patients do not manifest critical functional
alterations. Cognitive scientists classified MCI as amnestic
and non-amnestic MCI, and subdivided each category into
unique domains and multiple domains according to neuro-
psychological evaluations. This classification is important
because patients with multiple domain amnestic MCI have
a higher rate of conversion to dementia®.

Large population studies have linked MCI to an increased
rate of sleeping problems compared with healthy people of
the same age. The prevalence of sleep disturbances in patients
with MCI ranges from 8.8% to 59%. Moreover, primary sleep
disorders, such as sleep-disordered breathing, periodic limb
movement syndrome, restless leg syndrome, and REM sleep
behavioural disorder are more common in MCI?. As well,
prospective cohort studies have shown associations of sleep
disturbances with a higher rate of progression of MCI to AD*.

A meta-analysis of studies comparing objective sleep
measures of patients with MCI with those of the healthy
elderly showed that the former had shorter total sleep time,
sleep efficiency, cycling alternating pattern (a measure of
sleep instability) and longer sleep latency. Patients with non-
amnestic MCI, on the other hand, had a greater total sleep
time compared with the healthy elderly'. Other parameters,
such as the wake time after sleep onset, slow-wave sleep,
REM latency and REM (%), and periodic limb movement syn-
drome did not differ between the groups'>. However, patients
with MCI showed increased night-time behaviors®.

A well-designed study compared the cognitive per-
formance of patients with amnestic MCI with that of the
healthy elderly using neuropsychological tests. The partici-
pants underwent neuropsychological evaluation before and
after sleep for two consecutive days and polysomnography



during the two nights of sleep. In the control group, mem-
ory performance increased in the tests after sleep com-
pared with the period before the sleep (in the tests of word
pair recall, fact recognition, and object priming). However,
memory performance did not improve in participants with
amnestic MCI (even decreased in the word pair recall test)
after sleep consolidation®.

In patients with non-amnestic MCI, sleep problems are
also common. Sleep fragmentation has been associated with
memory dysfunction and increased wake time after sleep
onset with executive dysfunctions (impairments in atten-
tion, response inhibition, concept forming, and problem-
solving)®'. Studies assessing sleep architecture revealed that
patients with MCI had decreased slow-wave sleep compared
with the normal elderly’®* and increased fragmentation of
non-REM sleep'®. Moreover, borderline changes have been
found in REM, wake time after sleep onset, REM latency, and
sleep efficiency™.

The assessment of EEG power across non-REM and REM
sleep also revealed differences between patients with amnes-
tic MCI and the healthy elderly. The former showed a reduc-
tion in power of delta and theta EEG frequency bands®. The
same reduction occurred in the fast spindle counts on fron-
tal locations®. When correlating cognitive performance and
sleep parameters, researchers observed an association of the
reductions in delta and theta power with a decreased cog-
nitive performance after sleep®. Furthermore, the duration
of REM was reduced by 5% in MCI patients. Increasing REM
sleep time improved the performance of immediate recall™.

SLEEP CHANGES IN ALZHEIMER’S DISEASE
DEMENTIA

Electroencephalographic studies on AD patients in the
1980s and 1990s provided valuable information about sleep
patterns in AD dementia compared with the healthy elderly
and neuropsychiatric disorders, such as depression. Sleep
disturbances in patients with AD dementia were qualitatively
similar to those seen in the healthy elderly*>. However, the
severity of the changes was usually higher, and the REM sleep
had specific alterations. Wakefulness commonly increased
and, consequently, sleep was more disrupted at night in
AD dementia, with an increase in number and duration of
awakenings, resulting in a shorter total sleep time and lower
sleep efficiency®. As a result, a higher percentage of stage
1 and 2 sleep and lower percentage of slow-wave sleep was
observed in these patients*.

Additionally, AD dementia is related to reductions of spe-
cific features of the N2 light sleep stage, such as sleep spin-
dles and K complexes, which become poorly formed, with
lower amplitudes and frequencies*. These alterations have
been reported to worsen with the severity of dementia®™*
and, as the disease progresses, distinguishing N1 and N2

becomes a challenge. Because of this, some authors classify
the sleep without distinguishable stages observed in late AD
as indeterminate nonREM**+%,

Alzheimer’s dementia-related REM sleep alterations may
be attributed to dysfunction of the cholinergic system during
the evolution of the disease. The basal forebrain degeneration
in AD leads to lower cortical activation during REM sleep**".
Likewise, quantitative EEG studies have shown higher power
in theta and delta frequencies, and lower power in alpha and
beta frequencies during the REM sleep of patients with AD.
However, the total number of REM sleep episodes and REM
sleep latency remain intact™.

The first studies evaluating sleep structure in AD patients
were made without segmentation by severity. However, further
studies have also been done characterizing sleep in patients
with mild stage AD dementia. Overall, the main change in
sleep/wake patterns observed was the marked intrusion of
wakefulness into sleep time®. In Table 2 we show the sleep
characteristics in the healthy elderly, MCI and AD patients.

SLEEP DISORDERS AS RISK FACTORS FOR
ALZHEIMER’S DISEASE

Despite some early studies in the 20" century hypothesiz-
ing that the sleep disturbances could act as a risk factor to
the incidence of dementia, initially, the dominant theory was
that both conditions occurred in parallel as aging advanced.
This hypothesis changed recently when some prospective
cohort studies of incident dementia showed that people with
a history of sleep complaints in middle age had an increased
risk of developing AD than those without sleep complaints.
Moreover, more recently, meta-analyses have confirmed the
potential role of poor sleep and sleep disorders as predictors
of AD development.

Epidemiological studies

Prospective cohort studies assessing the hypothesis that
sleep deterioration and disorders may increase the risk of
cognitive impairment and dementia began being published
around the year 2000. They provided information on many
different aspects of sleep disturbances, and most of them
showed an association with the development of dementia.
For example, insomnia®, excessive daytime sleepiness®*,
long sleep duration®*! and short sleep duration*** have
been linked to the development of cognitive impairment
and/or dementia. Moreover, studies assessing sleep time
revealed both short and long sleep times as risk factors, sug-
gesting a U-shaped association between sleep duration and
cognitive impairment/dementia®.

The first studies followed only a few participants and
did not use objective methods of assessment of sleep or
detailed cognitive evaluation. However, they did show the
first results arguing in favour of the association between
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Table 2. Comparative summary of sleep characteristics of healthy elderly, old people with mild cognitive impairment and with

AD dementia.

Variable Healthy elderly Mild cognitive impairment Alzheimer’s dementia
Total sleep time N% Jbor NANZ IS
Sleep efficiency N% NN NN
Sleep latency 0 ™~ P
REM sleep latency ™ ™ T
Waking after the sleep onset ™ ™ M
Phase advance I AF +++ or delay
Excessive daytime sleepiness + ++ +++

N1 & N2 sleep stages 0 0 T
Slow-wave sleep N2 NY NN
REM sleep N N2 N2

REM cycles (number) NE N N2

REM cycles (duration) N% NY N2

Fast waves in REM N% N N2

REM: rapid eye movement.

sleep disturbances and cognitive impairment®*. In the early
2000s, cohort studies with a higher number of participants
provided more detailed information on the dementia diag-
nosis and used standardized scales to assess sleep. However,
follow-up times of less than five years™ prevented reliable
conclusions. In 2010, one study with a follow-up between
10 and 14 years showed that sleeping more than nine hours
per night was associated with an increased risk of cognitive
impairment. An important limitation of this study was the
lack of a proper evaluation of dementia, as cognition was
assessed only by telephone.

Some of these methodological limitations were addressed
the following year by Tranah and colleagues® in a longitudi-
nal study that use wrist actigraphy to assess the sleep and the
daily activity of 1,282 healthy community-dwelling women.
After 4.9 years of follow-up, the participants underwent a
neuropsychological battery and screening for dementia. The
authors found that healthy women with impaired circadian
rhythms had increased odds of developing dementia and
MCI. Further studies corroborated and refined these findings
using standardized sleep screening tools and more detailed
wrist actigraphy information®.

Adding to the findings that change in the circadian
rhythms may lead to cognitive disorders, Yaffe et a.* dem-
onstrated that healthy women with sleep-disordered breath-
ing were more likely to develop mild cognitive impairment
or dementia than women with normal sleep. The study used
overnight polysomnography to assess the baseline status of
sleep of participants and found sleep-disordered breathing to
be a potential risk factor of MCI and dementia. Further poly-
somnographic studies with larger numbers of participants
and with longer follow-ups have confirmed the association
between sleep-disordered breathing and incident demen-
tia®. One of these studies found a reduction of REM sleep, but
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not non-REM sleep, associated with the incidence of clinical
dementia, which could implicate the preponderance of REM
sleep-related mechanisms as predictors of dementia™.

Despite the progressive methodological improvement of the
studies, until 2013, most of the longitudinal studies assessing
the incidence of cognitive disorders in patients with sleep dis-
turbances had follow-up times of less than 15 years. This could
be considered a limitation because the progression of the AD
pathology precedes the emergence of the cognitive manifesta-
tions by 10-15 years. The first study to address this problem with
a median follow-up time of 22.5 years was conducted by Virta
and colleagues™ in a Finnish cohort of patients aged at least 65
years old. They found that patients with short (< 7 hours/day)
and long (> 8 hours/day) sleep times, and with poor sleep quality
at baseline, had lower cognitive scores. In 2017, two more stud-
ies with similar follow-up times also showed evidence of sleep
disturbances as risk factors for the development of dementia®.

Some studies provided additional information. For exam-
ple, Elwood and colleagues® found an association between
sleep disturbances with cognitive impairment non-AD of vas-
cular origin, but not with AD. Potvin and colleagues®, in turn,
showed that different kinds of sleep disturbances could cause
impairments in different cognitive domains (amnestic or non-
amnestic) and affected each sex differently. However, the liter-
ature available is insufficient to relate specific sleep problems
to specific cognitive disorders. Therefore, there is an expecta-
tion of more studies designed specifically to this end.

Report on systematic reviews and meta-analyses
Because of the availability of several epidemiological
studies on the association between sleep disturbances and
cognitive disorders, recent systematic reviews and meta-
analyses have been conducted on this topic. Almondes and
collaborators® analysed five community-based prospective



cohorts aiming to evaluate the risk of dementia in peo-
ple with a history of insomnia. They found an association
of insomnia with a significant risk of all-cause dementia
(RR = 1.53; 95%CI 1.07-2.18).

Moreover, Bubu et al.*? included 27 studies (69,216 partic-
ipants) in their meta-analysis. Using broader inclusion crite-
ria and accepting sleep disorders other than insomnia, they
found that individuals with sleep problems, in general, had
a 1.55 (95%CIL: 1.25-1.93), 1.65 (95%CIL: 1.45-1.86) and 3.78
(95%CI: 2.27-6.30) times higher risk of AD, cognitive impair-
ment and preclinical AD, respectively. In addition to these
findings, they could also estimate an average magnitude of
effect, concluding that sleep problems could cause approxi-
mately 15% of the AD cases in the population®™.

Further research by Shi et al.” also aimed to meta-analyse
the predictive role of overall sleep disturbances in incident cog-
nitive disorders. Moreover, they expanded the investigation,
distinguishing different subtypes of sleep disturbances such as
insomnia, sleep-disordered breathing and other sleep problems
(e.g., excessive daytime sleepiness, sleep-related movement dis-
order, circadian rhythm sleep disorder, and nonspecific sleep
problems). Furthermore, they analysed all-cause dementia, AD
and vascular cognitive impairment separately. Eighteen out of a
total of 12,926 papers were included in the meta-analysis. In the
subgroup analysis, they found that insomnia increased the risk
of AD but not vascular or all-cause dementia. On the contrary,
sleep-disordered breathing was associated with both all-cause
dementia, AD and vascular dementia®. These results, however,
need to be confirmed by further studies specifically designed to
better comprehend the difference of specific sleep disorders in
the different types of dementia.

Biomarkers

In the last decade, biomarkers started to become part of
the diagnostic criteria for AD%. Since then, some studies tar-
geting sleep and AD began to include the biomarkers, improv-
ing the evidence of the link between sleep disturbances and
AD pathology. A cross-sectional study of 95 healthy elderly,
applying polysomnography and lumbar puncture, found an
association between sleep-disordered breathing and cerebro-
spinal fluid (CSF) AD biomarkers™. Additionally, studies with
other biomarkers, such as PET with amyloid and tau tracers,
are being conducted.

Potential mechanisms linking sleep disorders and
ADrisk

Given the possible associations between sleep distur-
bances and AD, studies aiming to uncover the underlying
mechanisms have been conducted in animal models and
humans. Sleep disorders may be related to the develop-
ment of AD by reduction of non-REM sleep. Individuals in
an awake state and sleep were studied with f-fluorodeoxy-
glucose (FDG-PET), which is a marker of metabolic activity
in the brain. Their cerebral metabolic activity was similar in

REM sleep and wakefulness but declined substantially dur-
ing slow-wave sleep (a decline of around 40%)*°. Regionally,
reductions of brain activity were located in subcortical and
cortical (prefrontal, anterior cingulate and pre-cuneus corti-
ces) regions®. This reduction is caused by the hyperpolarized
silent state that happens to the neurons during slow-wave
sleep. Synaptic activity is related to releases of amyloid-f3
(AB) in the interstitial fluid%, which can be observed in vitro
by the fluctuations of the AP levels in murine* models and
humans®. The greater the duration of the awake state, the
greater the AP concentration. Moreover, a further increase
occurs in acute sleep deprivation experiments. Conversely,
a decrease in the AP levels occurs during sleep (especially in
slow-wave sleep)®.

An important clearance mechanism of the brains toxic
substances was discovered recently and called the glym-
phatic system because of the central role of the glial cells
on its physiology and the functional similarity to the lym-
phatic system. Rodent studies found that CSF is driven from
the subarachnoid space to the periarterial spaces of the
larger cerebral arteries, flowing along them as they branch
into penetrating arteries. The CSF flows from the perivas-
cular spaces to the brain interstitium facilitated by AQP4
transporters on the astrocyte's end-feet. The same transport
mechanism occurs from the interstitium to the perivenous
spaces and, in turn, CSF is dropped again in the subarach-
noid space. Several mechanisms generate a convective bulk
flow of interstitial fluid (ISF) from the periarterial to the peri-
venous space, through the interstitium, promoting washout
of toxic substances accumulated in the brain, including AP
and tau protein®®. A study published in 2012 revealed that
a 60% expansion in the interstitium occurs during sleep,
which facilitates convective exchange between CSF and ISF,
promoting an increased AP clearance during sleep’. Sleep
disturbances, according to this mechanism, could lead to
a decreased convective exchange between the CSF and ISF
and, consequently, a decreased A clearance.

Altogether, both potential consequences of disordered
sleep states (an increased cerebral activity with increased
AP accumulation and decreased functioning of the glym-
phatic exchanges with decreased AP clearance) would
lead to an increased concentration of soluble A in the ISF,
which is associated with amyloid deposition®. The default
mode network, which includes the pre-cuneus, lateral pari-
etal and medial prefrontal brain regions, is more active dur-
ing the rest state (when the individual is not attending to a
specific task) and is the brain network with the highest lev-
els of neuronal activity®. Not surprisingly, it is also the most
susceptible brain region to accumulate AB during the early
progression of AD.

Other possible risk factors in the development of neu-
rodegeneration and AD are the circadian rhythm disorders.
Despite the evidence indicating that the structures respon-
sible for circadian rhythms are dysfunctional in patients with
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Figure 2. Graphic summary of the mechanisms of interaction between sleep disturbances and the pathogenesis of AD. Adapted
from Ju et al.®®. Sleep disturbances, by reduction of the slow-wave sleep, lead to an increased neuronal activity and reduced
clearance of amyloid, resulting in increased Ap levels in the brain interstitial fluid, augmenting the risk of A plaque formation and
astrocyte dysfunction, and, consequently, neurodegeneration and AD dementia.

definitive AD pathology, few studies have addressed the role
of circadian rhythm misalignment in the pathogenesis of AD.
Some studies showed that the circadian clocks might regulate
hippocampal-dependent learning’. Another, conducted in an
animal model of “jetlag”, showed that the animals exposed to
circadian cycle disruption exhibited diminished hippocam-
pal neurogenesis and impaired learning and memory, as well
as increased blood inflammatory markers’. However, one of
the best pieces of evidence underlying the circadian rhythm
disruption in AD patients and the sundown syndrome is the
degeneration of the suprachiasmatic nucleus®".

Finally, other negative consequences of disordered sleep
have been studied, such as increases in neuronal oxidative
stress, impairment in the blood-brain barrier and reduction
in the hippocampal neurogenesis®. In Figure 2 we show a
diagram with the proposed causal mechanisms.

Amyloid plaque formation occurs in various brain areas,
including regions that control sleep, which would worsen
the sleep disturbances, perpetuating the cycle. Likewise,
many behavioural symptoms occur as AD dementia devel-
ops, such as changes in lifestyle, less exposure to daylight and
use of polypharmacy, also interfering in the sleep quality of
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