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Alzheimer’s dementia (AD) is characterized by a progressive decline in behavioral and cognitive functions,
with sleep disorders (SDs) increasingly recognized as one of the noncognitive symptoms. Sleep plays a
critical role in the brain, supporting learning and memory, regulating synaptic plasticity, and facilitating
waste clearance. However, the mechanisms underlying sleep disturbances in AD remain poorly understood.
This review aims to explore these mechanisms and their potential relevance for clinicians managing AD. A
systematic search was conducted across multiple sources and databases, using keywords such as “Alzheimer
AND sleep disorder”, along with terms related to neurodegeneration and sleep disturbances. Of the 1,511
records identified, 18 were included in the final analysis. The findings highlight several mechanisms linking
AD and SDs, suggesting a bidirectional relationship. These mechanisms include (i) shared genetic factors;
(ii) disruption of the glymphatic system; (iii) circadian system dysregulation; (iv) neuroinflammation; (v)
abnormal functional connectivity between related brain regions; and (vi) atrophy in brain regions involved
in memory and sleep. In conclusion, the relationship between AD and SDs is complex and bidirectional.
Sleep disturbances not only precede the onset of AD but also worsen as the disease progresses. Sleep may,
therefore, serve as a promising biomarker for AD, with targeting sleep disturbances offering a potential early
therapeutic strategy in managing AD.
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Introduction And Background

Alzheimer’s dementia (AD) is the most prevalent form of dementia, typically presenting with an insidious
onset and progressive impairment of behavioral and cognitive functions, including memory,
comprehension, language, attention, reasoning, and judgment [1]. At the molecular level, AD is
characterized by the accumulation of extracellular amyloid-f plaques and intracellular neurofibrillary
tangles of hyperphosphorylated tau [2]. Sleep problems, often manifesting as sleep disorders (SDs) and
disturbances, play a significant role in the progression of AD, alongside the progressive cognitive decline.
Individuals with AD exhibit a wide range of symptoms, including sleep disruptions and disorders. Sleep and
circadian rhythm disturbances are more common in AD patients than in the general population and can
occur early in the disease course [3]. Conversely, sleep disturbances have been linked to an increased risk of
developing AD [4]. Growing evidence suggests that sleep disturbances are not only common symptoms of AD
but also a modifiable risk factor for its development [5].

SDs in AD

SDs are commonly identified as a major risk factor for early institutionalization in AD and have a significant
impact on both patients and caregivers [6]. The nature of sleep disturbances in AD is multifaceted, with
common issues including micro-architectural sleep alterations, nocturnal sleep fragmentation, reduced
nocturnal sleep duration, daytime napping, and even inversion of the sleep-wake cycle [7]. These sleep
problems have also been associated with the development of adverse brain health and the progression of AD

[8].

Epidemiology of SDs in AD

Sleep fragmentation, reduced slow-wave sleep, decreased eye-movement sleep, increased daytime napping,
and other forms of sleep disruption have been frequently reported in patients with AD [9,10]. A cross-
sectional study found the prevalence of SDs in AD to be 36% [11]. Additionally, the risk of developing SDs in
AD patients was 9.8% during the first year and 50.9% by the fourth year of follow-up [12]. Addressing SDs as
part of AD treatment may play a crucial role in managing the disease [10]. Sleep apnea syndrome is also
prevalent among AD patients [13] and has been linked to the APOE ¢4 allele, a well-known AD risk factor
[14]. These sleep disturbances often emerge early in the disease course, aligning with findings that brain
regions involved in sleep, such as the precuneus, medial prefrontal, and lateral parietal areas, are affected
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during AD development [15].

Aim

Despite growing evidence linking SDs with AD, the mechanisms underlying the connection between the two
conditions remain largely unexplored. The aim of this review is to summarize the current evidence in
humans and examine the potential mechanisms that drive sleep disturbances in AD. Understanding these
SDs presents an opportunity for potential prevention or treatment strategies that could alleviate the burden
of poor brain health in the population.

To the best of our knowledge, this is the first article to explore and synthesize multiple reviews on the
various mechanisms underlying SDs in AD. The review focuses on the following key research questions: Are
there links between AD and SDs? What mechanisms, if any, connect these two conditions? What are the
potential clinical and therapeutic implications of identifying these links?

Review
Methodology

By adopting a systematic review methodology, the aim of this article is to highlight recent advances in the
field and provide a comprehensive review of the potential mechanisms linking SDs with AD. A scoping
review approach, rather than a systematic review, was chosen due to the difficulty in methodologically
synthesizing the wide range of results. The Preferred Reporting Items for Systematic reviews and Meta-
Analyses (PRISMA) extension for scoping reviews was used as a guideline in writing this article. The
Patient/Population, Intervention, Comparison, and Outcomes (PICO) framework was also applied, with each
identified study reviewed in a descriptive paragraph. Similar studies were grouped based on their research
questions and outcome measures, allowing for logical comparisons and synthesis of results.

This review involved a systematic search of the literature in EBSCOhost Research Databases, including
EMBASE, PubMed, MEDLINE, CINAHL, and GreenFILE, up until January 9, 2024. No limit was applied to the
starting search date. The search criteria used Boolean operators with keywords such as “Alzheimer AND

—

sleep disorder”, along with variations like “neurodegeneration and sleep disturbance”, “neurodegeneration
»

and sleep disorder”, “Alzheimer’s and sleep disturbance”, “Dementia and Sleep Disorder”, and “Dementia
and Sleep Disorder”.

The inclusion criteria were as follows: studies published in English, conducted on human subjects (not
animal models or Al-generated reports), and directly addressing the review’s aim of exploring the
mechanisms underlying SDs in AD.

Following an initial screening of titles and abstracts, studies that met the research aim were extracted. The
full texts of the selected studies were then reviewed to ensure they specifically addressed the research
question. An independent reviewer assessed the search criteria, findings, abstracts, and full texts of the
studies identified. This process was facilitated by EBSCOhost folder sharing.

The studies were grouped based on the mechanisms they explored in linking AD and SDs, and summarized
according to sample age, methodology, and biomarkers used or referenced. No systematic reviews were
identified that could have synthesized earlier findings, so no additional references were sought. Publications
with an evidence hierarchy level of III or higher that met the study criteria were included.

As a literature review, this research is generally considered low risk, as there was no direct contact with
human subjects. No specific ethics application was required; however, appropriate ethics were considered for
each individual article referenced.

Results

A total of 1,511 results were obtained from the initial search. After automatically removing 220 duplicate
articles, 118 publications were reviewed in detail. Of these, 18 studies met the eligibility criteria and were
included in this review. The remaining studies were manually excluded after full-text analysis and
application of the study criteria to determine their eligibility and suitability. This is further presented in
Figure 1.
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Selection of records for the review

F Non-English records removed= 72
D: 5
Total records identified

S Duplicate records removed

automatically before screening= 220

Records excluded manually=1,055
Animal studies= 8

Records screened
for title and abstract=

> Records sought for retrieval= 38

Records assessed

Records further excluded after study
for eligibility= 118 1

criteria applied= 99

NI [N—

Records included
in the review= 18

FIGURE 1: Search protocol

Genes and Epigenetics

There is increasing evidence suggesting that AD and SDs may share a similar etiology, despite their distinct
pathogenic and clinical features. The irreversible neuronal loss and cell death observed in both conditions
are believed to stem from DNA damage or the accumulation of misfolded proteins through similar
mechanisms [16].

Through pathways related to neurodegeneration and various diseases, 10 hub genes - NDUFS3, COX5A,
ATP5A1, UQCRC1, GAPDH, ATP5B, SOD1, NDUFA9, NDUFV2, and UQCRC2 - have been identified as
differentially expressed in AD with SDs. These genes were identified using gene expression profiles GSE5281
for AD and GSE40562 for SD [17], and they may aid in accurate diagnosis and targeted treatment (Table ).

2025 Yusuff et al. Cureus 17(1): €76859. DOI 10.7759/cureus.76859

30f12


https://assets.cureus.com/uploads/figure/file/1355976/lightbox_26515640c8e711efb54487bb3c577405-Figure-1.png
javascript:void(0)
javascript:void(0)
javascript:void(0)

Cureus

Part of SPRINGER NATURE

Sample

AD

Study Methods i Results Values
characters biomarkers
10 hub genes related to
Liang et 87 AD, 3 SD, AD ngD h h
an rou
al. (2022) GSE40562 MEGENA Hub genes =
neurodegeneration-
[18] dataset, 1 NC
related pathways
X Premortem i L
96 non-¢4 carriers, . Sleep disturbance was significantly
neuropsychiatry . i o
94 €4 ) . associated with €4 heterozygosity in
Blackman inventory scores of APOE €4 homozygosity K e i
heterozygotes, 11 ) ) the group without clinical dementia
etal. sleep disturbance was independently
€4 homozygotes; APOE ¢4 . . (CDR 0/0.5) (B 1.28, p = 0.024) and
(2022) (NPI-K) plus post- associated with sleep ] o ”
[9] mean (SD) age: t disturb with €4 homozygosity in the cognitively
mortem isturbance
84.0 (9.2), MMSE: . ) impaired group (CDR 1/2/3) (B 2.95, p
histopathological
14.0 (11.8) o =0.045)
findings
APOE status is linked el e (6 s
- u inu
25 APOE ¢4 with the progression of i .
Yesavage . . ) WASO/stage; Wilcoxon signed rank
carriers, 19 non-¢4 6 monthly actigraph sleep/wake disturbances
etal. . ) ) ) test: p < 0.001) vs. APOE ¢4 status (17
carriers; average recordings and APOE €4 in AD. There is greater )
(2004) minutes WASO/stage; p < 0.05). SE

age: 71.8 years MMSE deterioration in negative . X i
[20] reduction for those patients with non-e4

(SD=7.9) €4 allele than €4 carriers
. status -8.6% SE/stage; p < 0.005)
in AD
APOE¢4 allele and IL-
123 newly
. 1B8-31TT genotype led to
. diagnosed, drug- ) ILs, TNF-a, ) .
Yin et al. i Sleep disturbance increased IL-18, IL-6, APOEE¢4/e4 increased the risk of AD
free AD patients, . APOE ¢4,
(2016) via PSG and blood and TNF-a (OR =4.33,95% Cl = 1.33-14.10, p =
120 matched and 31TT .
[21] tests overexpression and 0.015)
controls; mean genotype

sleep disturbance in AD

age: 72 + 7 years
9 y patients.

TABLE 1: Genetic and epigenetic studies

AD, Alzheimer’s dementia; CDR, Clinical Dementia Rating; MMSE, mini-mental state examination; PSG, polysomnography; SD, sleep disorder; SE, sleep
efficiency; WASO, wake after sleep onset

The APOE ¢4 status has also been shown to impact sleep, either independently or in combination with other
underlying mechanisms, though findings remain inconsistent [18-20]. ¢4 homozygosity is associated with
more sleep disturbances than heterozygosity, which in turn is more frequent than in noncarriers, regardless
of AD status, as assessed through NPI-K reports. However, APOE €4 also increases the risk of developing AD
[18] (Table 1).

Furthermore, sleep disturbances in AD are thought to be exacerbated by increased susceptibility due to
overexpression of IL6, IL-1B, and TNF-a. This mechanism is believed to be facilitated by the synergistic
effects of the APOE ¢4 allele and the IL-1B3-31TT genotype [20]. Manifestations include more awakenings,
less time spent in bed, increased sleep latency, lower slow-wave sleep, and longer rapid eye movement
(REM) latency.

In a different report [21], APOE status was linked to the progression of sleep/wake disturbances in AD.
However, greater deterioration of sleep parameters, including sleep efficiency and wake after sleep onset,
was observed in AD patients without the €4 allele compared to those with the €4 allele (Table 7).

AD Proteinopathies

Sleep impairment and dysregulation have been reported to occur before the clinical onset of objective
cognitive deterioration, potentially linked to B-amyloid pathology [21] and other CSF biomarkers [22].
Current studies report correlations between sleep-wake cycle dysregulation and biomarkers of
neurodegeneration (tau proteins), cognitive status (mini-mental state examination, MMSE), and CSF orexin
levels [21-23] (Table 2). Lower CSF total tau (t-tau) and phosphorylated tau (p-tau) levels have been observed
in individuals with subjective cognitive impairment and cognitively normal (CN) status compared to those
with mild cognitive impairment (MCI), mild AD, and moderate to severe AD. Notably, there is a reciprocal
relationship between sleep, cognition, and CSF AD biomarkers at various stages of AD [22].
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Study

Liguori
etal.
(2020)
[22]

Liguori
etal.
(2020)
(23]

Liguori
etal.
(2014)
[24]

Liguori
etal.
(2016)
[26]

Sample
characters

56 mAD, 48 AD-
msAD, 59 MCl,
54 SCI, 41 CN; all
drug-naive; age
range: 44-80
years

18 AD patients,
10 controls; 61.8
+11.2 years

48 drug-naive AD
patients (21 mAD
group, 27 msAD
group), 29
matched controls;
average age:
69.5 (8.4) years

10 MCI SC, 10
MCIwSC, 15 NC
SC, 11 NCwSC

AD

Methods/type .
biomarkers

Recording

EEG, PSG, CSF AB42,

brain MR, t-tau, p-tau

and LP for proteins

CSF

Actigraphic t—tau., p-tau,

monitoring orexin, A40,
A42
CSF orexin,
tau

PSG proteins, B-
amyloid 1-
42

REM

disturbance

and sleep CSF orexin

fragmentation

on EEG

TABLE 2: AD proteinopathies

AD, Alzheimer’s dementia; CN, cognitively normal; LP, lumbar puncture; mAD, mild Alzheimer's dementia; msAD, moderate to severe AD; NC, normal
control; PSG, polysomnography; REM, rapid eye movement; SC, with sleep complaints; SCI, subjective cognitive impairment; wSC, without sleep

complaints

Results

Sleep
dysregulation
appears earlier
than cognitive
deterioration,
with a reduction
of CSF AB42
level

Correlation
between sleep-
wake cycle
dysregulation
and tau proteins,
and CSF orexin
levels linked with
circadian
dysfunction

Overexpression
of orexinergic
output with
disease
progression,
increasing CSF
orexin and
promoting
wakefulness

CSF orexin
levels negatively
correlated with
REM sleep and
orexin system
dysregulation
may contribute
to sleep
impairment

Values

Significant correlations between AB42, tau proteins,
neurodegeneration, and multiple sleep
parameters/fragments

Moderate to strong correlations (r = 0.50) between sleep-
wake cycle dysregulation, cognitive performance
impairment, and alteration of CSF biomarkers

msAD showed earlier bed- times compared with those
with mAD (p = 0.04). Positive correlation in the global AD
group between CSF orexin and t-tau levels (r = 0.32; p =
0.03). A positive correlation was evident between CSF
orexin and t-tau (r = 0.64; p< 0.001) and p-tau (r = 0.56; p
=0.002) protein levels in AD association between CSF
orexin levels and sleep onset latency (8 = 0.091; p = 0.03)
in AD

Increased CSF orexin levels in MCI due to AD (p < 0.05).
CSF orexin was higher in MCI SC (PSQI 25, n = 10)
compared with MCI wSC (PSQI <5, n =10, p <0.001) and
compared with both NC (with sleep complaints, PSQI =5,
n =11, p <0.001; without sleep complaints, PSQI <5, n =
15, p < 0.001)

Tau protein levels, through tau-mediated neurodegeneration, disrupt the sleep-wake rhythm and
significantly correlate with changes in nocturnal sleep and activity levels during sleep [22].

Orexin-A (hypocretin-1), a neuropeptide produced by lateral hypothalamic neurons, regulates the sleep-
wake cycle by increasing arousal and maintaining wakefulness [24]. The relationship between CSF orexin

concentrations and central phase measure (minutes) reflects delays in the sleep phase, making sleep appear

less continuous and more fragmented [22]. Furthermore, elevated CSF orexin levels are associated with
concurrent sleep deterioration, which appears to be linked to cognitive decline [23].

REM sleep disruption and sleep fragmentation are also associated with increased CSF orexin-A in AD

patients [25]. In AD, orexinergic output and function seem to be overexpressed as the disease progresses and
worsens, likely due to an imbalance in the neurotransmitter networks regulating the wake-sleep cycle, with

the orexinergic system driving wakefulness.

Circadian System and Melatonin Secretion in AD
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Study

Weissova
etal.
(2016)
[27]

Mishima
(1999)
[28]

Methodsl/type

Sleep/wake
diaries, clock
genes assay in
a 24-hour cycle

Sleep diary
plus luminous
intensity at the
eye position
(beside the
head)

While the differences in mean melatonin profiles between AD patients and healthy subjects may not be
statistically significant, AD patients exhibit more aberrancies and lower amplitudes in their melatonin

rhythms [26]. Additionally, the daily rhythm of BMALI (clock genes) appears phase-delayed in AD patients,

suggesting functional differences in the circadian system between AD patients and healthy controls (Table

3).

Sample
characters

13 AD subjects,
13 controls; 78.9
+ 1.9 years and
78.1 £ 2.0 years,
respectively

10 SDAT, 10
controls; average
age: 75.7 years
and 78.3 years,
respectively

AD biomarkers

Melatonin assay
via saliva and
buccal mucosal,
Clock genes
PER1 and
BMAL1

Serum melatonin

Results

Aberrancies and lower
amplitudes of the melatonin
rhythms involved in AD patients
with sleep disturbance

Melatonin rhythm disturbances
in patients with dementia, which
serve as causal or exacerbating
factors of their disturbed sleep-
wake rhythms

TABLE 3: Circadian system and melatonin secretion rhythm disorders

AD, Alzheimer’s dementia; SDAT, senile dementia of the Alzheimer’s type

Values

Cross-data correlation did not
reach statistical significance in
most parameters, but higher
incidence of rhythm disruptions in
AD

Luminous intensity at the eye
position in the SDAT group was
significantly diminished
compared with the ND group (F =
3.92, df = 11, p < 0.001)

These irregularities in melatonin secretion in AD patients with SDs (ADSD) are reflected in significantly
higher percentages of night activity, abnormalities in melatonin rhythmicity, and greater variation in peak

secretion times compared to the control group. These disruptions may serve as causal or exacerbating factors

contributing to the disturbed sleep-wake rhythms observed in AD patients [27].

Other Types of Biomarkers Identified

Inflammatory/immune markers (Table 4): In addition to genetic, blood, and CSF markers, AD patients with

daytime sleepiness exhibit significantly elevated levels of inflammatory proteins, such as serum TNF-a (p <

0.05) [28]. Compared to AD patients without daytime sleepiness and healthy controls, this increase is
thought to be mediated by activated microglia and other brain parenchyma in AD patients, which leads to
exaggerated secretion of these serum proteins.
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S I AD
Study Methods/type A i Results Values
characters biomarkers

43 drug-free

Chen AD patients TNF-a is increased in AD patients with DS (no

Serum IL-
etal. ESS tool and PSG and 22 NC; 18 and TNF-q med.iates daytime DS and control, respectively) (40.9 + 22.3 vs. 5.8
(2012) 66.9 +6.7- TNE-q sleepiness in AD +21,p<0.05409+223vs.52+24,p<
[29] 7111 0.05)
years
Premortem EEG, . . .
PSG. and 33 AD, 20 The control of sleep- Tau+ TMN neurons were higher in those with AD
,an ) L
Oh et ostmorter PSP, 32 Subcortical ~ wake homeostasis is vs. PSP (mean (SD), 24.23% (12.71%) vs. 9.83%
al. :Iinico athological HC; mean nuclei: LC,  disturbed in patients with  (4.40%); p = 0.03). Tau+ LHA neurons were
(2022) d P 9 SD age at LHA, and loss of subcortical wake-  significantly higher in those with PSP vs. AD
an
[30] ) . . death 70.53 TMN promoting neurons (LC,  (mean (SD), 44.14% (18.35%) vs. 24.78%
immunohistochemical
(7.75) years LHA, and TMN) (10.38%); p = 0.03)

analysis

TABLE 4: Other types of biomarkers identified

AD, Alzheimer’s dementia; DS, daytime sleepiness; ESS, Epworth Sleepiness Scale; LC, noradrenergic locus coeruleus; LHA, orexinergic lateral
hypothalamic area; NC, normal control; PSG, polysomnography; PSP, progressive supranuclear palsy; TMN, histaminergic tuberomammillary nucleus

Loss of wake-promoting neurons: In a cohort study of 53 patients with neurodegenerative diseases (33 with
AD, 20 with progressive supranuclear palsy) and 32 healthy controls, participants were assessed premorbidly
for sleep using EEG and PSG, with results later corroborated through post-mortem clinicopathological and
immunohistochemical analysis [29]. In the subcortical neuropathological profiles, all three nuclei (locus
coeruleus (LC), lateral hypothalamic area (LHA), and tuberomammillary nucleus (TMN)) showed greater loss
of wake-promoting neurons in AD patients than in the other groups. This suggests primary and early
involvement of the subcortical system in neurodegenerative diseases, even at the premorbid stage.

Studies Conducted Via Neuroimaging

Functional connectivity (FC): FC is defined as “temporal correlations between spatially remote
neurophysiological events” [30]. In ADSD, decreased static ReHo and increased dynamic ReHo are observed
in the left posterior central gyrus and right cuneus [31]. These brain regions (Table 5), along with the left
calcarine, left cuneus, and parts of the primary sensory cortex, play roles in both sleep and cognitive
functions. They also exhibit decreased FC, highlighting the relationship between SDs and cognitive
impairment. Additionally, there is an enhancement of functional activity during MCI, which compensates
for these changes but later leads to decompensation as the condition progresses to AD, following a biphasic
trajectory [32].
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Study Methods/type
Wang et ReHo using
I. (202
al. (2023) R
[32]
Burke et Structural MRI
al. (2022) APOE
[33] genotype
Lietal. Static and
(2019) dynamic
[34] ALFF
Matsuoka
etal. Structural MRI
(2018)
[35]
Ismail et
al. (2009) SPECT
[36]
Wang

P
andPeng Rl
(2021)
[37]

Sample
characters

38 ADSD,
21 ADNSD,
right-
handed
individuals;
average
age: 73.6 £
8.14 years

1533
participants,
209 ADSD;
average
age: 71.9
years

123 NC-NS,
69 NC-PS,
39 MCI-NS,
72 MCI-PS,
14 AD-NS,
16 AD-PS;
average
age: 70.76
+8.24
years

19 8D, 44
SD; age
range: 77.8
+6.9

35AD, 37
NC; age
range
72.487.4

38 ADSD.
21 ADNSD;
all right-
handed;
age range:
73.6+84

AD biomarkers

Left PCG and the
right cuneus

Whole brain
analysis

Precentral gyrus,
and sleep regions
(insula, thalamus,
cerebellum)

Precuneus, PGV,
PPV, PVH, and
DWMH

Whole brain
analysis

The calcarine
gyrus, the lingual
gyrus, the fusiform
gyrus extending to
the
parahippocampal
gyrus, the
precentral gyrus,
the postcentral
gyrus (all in the left
hemisphere), and
the left brainstem

Results

Abnormal FC between right
cuneus and left PCG

Atrophy across multiple brain
regions and ventricular
hydrocephalus is associated
with disrupted sleep. The
decrease in left, right, and total
parietal lobe cortical gray
volume for those with sleep
disturbance was greater for
APOE ¢4 carriers than non-¢4
carriers

Biphasic functional change,
with a compensatory
enhancement in the MCI stage
but decompensation in the AD
stage. The intrinsic brain
activity located in regions
involved in memory are the
supramarginal gyrus, HP,
STG, and gyrus rectus, and
sleep is the thalamus, insula,
and cerebellum.

Precuneus may play an
important role in both cognitive
function and sleep disturbance
in AD

Right middle frontal gyrus may
play a role in sleep

Pathologically impaired
brainstem in the early stage of
AD might contribute to the
onset of sleep disturbances

TABLE 5: Studies conducted via neuroimaging

AD, Alzheimer's dementia; ADNS, Alzheimer’s dementia with normal sleep; ADNSD, Alzheimer's dementia without sleep disturbances; ADSD, Alzheimer’s

p-value and other statistics

Decreased static ReHo p

Total CSF volume left, total lateral
ventricle volume, left hippocampus
volume, total third ventricle volume, and
lateral ventricle volume. Total brain
volume, the left, right, and total frontal
lobe cortical gray matter volume, total
white and gray matter volume, the left,
right, and total temporal lobe cortical
gray matter, total hippocampal volume,
and total cerebrum brain volume

sALFF and cognition in IPG across
groups show a positive correlation
(WMS-LM immediate memory: r = 0.16,
p = 0.005; MS-LM delayed memory: r =
0.16, p = 0.005)

Lower precuneus volume (cluster size
1026; p = 0.016) in ADSD

SPM analysis showed increased
perfusion in the right middle frontal
gyrus (R-MFG, Brodman area 9, p =
0.016)

Decreased PerAF in the left brainstem,
the left calcarine gyrus extending to the
left lingual gyrus, the left fusiform gyrus
extending to the left parahippocampal
gyrus, and the left precentral gyrus
extending to the left postcentral gyrus in
ADSD relative to ADNSD

dementia with sleep disturbances; ALFF, amplitude of low-frequency fluctuation; FC, functional connectivity; GRF, Gaussian random field; IBA, intrinsic
brain activity; MCI NS, MCI with normal sleep; MCI PS, MCI with poor sleep; NC-NS, normal controls with normal sleep; NC-PS, NC with poor sleep;
PCG, posterior central gyrus; PerAF, percent amplitude of fluctuation; R-MFG, right middle frontal gyrus; SPM, statistical parametric mapping; STG,
superior temporal gyrus; WMS-LM, Wechsler Memory Scale Logical Memory

2025 Yusuff et al. Cureus 17(1): €76859. DOI 10.7759/cureus.76859

8 of 12


javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)

Cureus

Part of SPRINGER NATURE

Brain MRI and APO-e genotype: Ventricular hydrocephalus ex vacuo and atrophy across multiple brain
regions have been linked to disrupted sleep in AD [33]. The decrease in cortical gray volume in the left, right,
and total parietal lobes was greater in APOE ¢4 carriers with sleep disturbance than in non-¢4 carriers. The
precuneus, involved in memory, is also connected to sleep [34].

SPECT: Whole-brain mapping using statistical parametric mapping indicated significantly higher perfusion
in the right middle frontal gyrus (R-MFG) in individuals with nocturnal sleep loss (NSL) compared to those
without NSL (Table 5) [35]. No regions showed significantly lower perfusion in those with sleep loss (SL).
This suggests that relative hyperperfusion in the R-MFG is associated with reports of SL in mild-to-
moderate AD and that this region may play a role in regulating sleep.

Intrinsic brain activity (IBA): In the early stages of AD, brainstem impairment may contribute to the onset of
sleep disturbances, creating a bidirectional relationship. These disturbances, in turn, affect the
sensorimotor cortex and ventral visual pathway, leading to memory and motor skill impairment, which are
observed in AD [36]. Compared to healthy individuals, AD patients exhibit decreased IBA, affecting specific
brain regions including the calcarine gyrus, lingual gyrus, fusiform gyrus extending to the parahippocampal
gyrus, precentral gyrus, postcentral gyrus (all in the left hemisphere), and the left brainstem (Table 5).

Discussion

This analysis and extensive review of the literature aim to understand the mechanisms underlying SDs in AD
(Figure 2). Sleep is essential for the brain, as it supports learning and memory, regulates synaptic plasticity,
and enhances waste clearance from the brain [37]. Insomnia is one of the most common SDs, yet its
relationship to the biology of AD remains unclear [38]. Emerging research has shown connections between
sleep disturbances and AD, both due to the underlying disease and its contribution to the clinical and
pathological manifestations of AD. This forms a bidirectional vicious cycle of neuroinflammation and
neurodegeneration. Pathological changes in the metabolism of B-amyloid and tau proteins in the brain can
be induced by sleep disturbances [13, 39].

Sleep Disorder in Midlife Genetic Predisposition
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FIGURE 2: Interconnected factors in AD and SDs

AD, Alzheimer's dementia; SD, sleep disorder

Image credit: Ayobami S. Yusuff

This review has highlighted the following mechanisms underlying sleep disturbances in AD (Figure 2):

Genetic Predisposition

Through shared pathways related to neurodegeneration, AD and SD candidate genes cause DNA damage by
accumulating misfolded proteins. Additionally, the IL-1B8-31TT genotype, in synergy with the APOE &4
allele, has been shown to contribute to sleep disturbances in AD. Finally, the APOE ¢4 allele status leads to
the deterioration of relevant neuroendocrine functions (e.g., melatonin) and neuroanatomical structures
(e.g., suprachiasmatic nucleus, SCN), which in turn causes sleep disturbances.

Glymphatic System
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The lymphatic system of the CNS, known as the glymphatic system, resides in the perivascular space of the
cerebral vasculature, formed by astrocytic endfeet that is rich in polarized aquaporin-4 receptors [40].
Disturbances in the glymphatic system are mediated by the aggregation, impaired clearance, and toxicity of
AD proteinopathies (such as AR, APOE4, tau, and others). This results in a cascade of hypoxia-ischemia and
atrophy in the brain's sleep-regulating regions.

Circadian Dysregulation

The circadian timing system is an evolutionarily conserved program that generates oscillations with a period
of approximately 24 hours, temporally orchestrating the physiology of nearly all organisms on Earth [41].
Dysregulation of this system is mediated by increased TNF-a secretion, leading to daytime sleepiness, and
disturbances in melatonin rhythms (including aberrancies and lower amplitudes), which disrupt sleep-wake
cycles in AD patients with sleep disturbances. Additionally, there is a loss of subcortical wake-promoting
neurons (such as the LC, LHA, and TMN) and disruption of SCN signaling in AD patients, which affects
melatonin secretion. APOE status is also associated with the progression of sleep/wake disturbances in AD,
with greater deterioration observed in AD patients who are negative for the €4 allele. Finally, the IL-1B-31TT
genotype, in synergy with the APOE ¢4 allele, contributes to sleep disturbances in AD patients, likely
mediated through the overexpression and increased susceptibility to TNF-a, IL-6, and IL-1pB.

Neuroinflammation

Excessive production of TNF-a, through its independent effect on activating microglia and the synergistic
effect of the IL-1B-31TT genotype and APOEe4 allele, induces the production of IL-1B and IL-6. This
cascade of events leads to daytime somnolence and activation of wake-promoting neurons, which is also
interconnected with dysregulation of the circadian system.

Abnormal FC in Brain Regions

Brain regions associated with sleep and cognitive functions exhibit decreased FC. Additionally, the
impairment of the ventral visual pathway and sensorimotor cortex due to sleep disturbances has been shown
to contribute to the progression of AD.

Abnormal Structural Changes

Multiple regions of the brain have been shown to have reduced volume and size. Atrophy, often caused by
normal aging, hypoxia, toxic protein deposition, and eventual ischemia, affects signalling and the normal
regulation of brain function, thereby impairing sleep and circadian regulation.

Limitations

The main limitation of this work is the hypothesis that a link exists between SDs and AD. This is an
emerging area of research, and most studies are still focused on establishing temporal relationships rather
than identifying specific links or causation. However, this work serves as a foundation for new research
directions, potentially leading to systematic reviews and meta-analyses focused on specific identified areas.
Longitudinal and large-scale studies could provide new insights into the relationship between SDs and AD.

Conclusions

This review has summarized the growing body of evidence demonstrating the bidirectional and multifaceted
relationship between AD and SDs. There is a shared pathophysiology in the development of both conditions.
Changes in sleep during mid-to-late life are associated with an increased risk for AD. Even healthy
individuals who experience short periods of sleep deprivation may exhibit impaired cognitive performance
and altered AB42 CSF levels. Sleep disruption impairs sleep-dependent memory formation and accelerates
cognitive decline. Additionally, poorer subjective sleep quality, more sleep problems, and daytime
somnolence are linked to greater AD pathology.

SDs may serve as both a potential marker and a modifiable risk factor for AD, although the relationship is
not linear. Therefore, targeting sleep could represent an intervention in the management of AD. Sleep
history should be routinely incorporated into the assessment of AD patients, with both objective and
subjective measurements considered, as it should be an essential aspect of AD management.
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