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Abstract

Alzheimer’s disease is the most common type of dementia, and its prevalence is increasing
world-wide. This disease incurs a wide range of complications for individuals and society. No
current therapies exist to cure or stop the progression of the disease once diagnosed within
an individual. Many risk factors for Alzheimer’s disease are known, although one which has
recently emerged within the scientific literature is sleep disturbance. The true implications of
the research are at present, incomplete, yet the studies available have shown promise of the
potential diagnostic and therapeutic value of sleep. Therefore, this study aimed to examine
the extent and nature of research available discussing the role of sleep in Alzheimer’s disease
development, as well as the potential utility of specific sleep disturbances to be diagnostic
biomarkers for Alzheimer’s disease. A five-stage scoping review framework developed by
Arksey and O’Malley was utilised to ensure an in-depth review of the relevant literature was

achieved.

From a total of 2,821 studies, 199 were included into this scoping review and classified into
four primary themes: 1) Mechanistic links between sleep disturbance and Alzheimer’s
disease, 2) Sleep disturbance as a biomarker for Alzheimer’s disease, 3) Sleep as a therapeutic
target for Alzheimer’s disease, and 4) Preclinical Alzheimer’s disease definition. This review
has covered a range of studies that discussed links between sleep disturbance and
Alzheimer’s disease pathogenesis. The findings suggests that certain sleep patterns may have
diagnostic and therapeutic uses in Alzheimer’s disease; however, further experimental
research is indicated to substantiate these hypotheses. The term preclinical Alzheimer’s
disease requires a relevant and concise consensus regarding its definition in order for the

aforementioned hypotheses to fully be explored for their respective potential.
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Introduction to Thesis

Alzheimer’s Disease (AD) is one of the most common neurodegenerative diseases associated
with direct and indirect socioeconomic and health burdens, primarily affecting people over
the age of sixty-five (1,2). In 2018, it was estimated that between 40 and 50 million individuals
across the world lived with dementia (3). AD is the most common sub-type of dementia, and
is the sixth leading cause of death in the US (4). In New Zealand, approximately 1.3% of the
population are currently living with AD, with an expected increase to 3% by 2050 (5), and by
then is predicted to cost the national economy approximately five billion dollars (6). This
evidence highlights the far-reaching and debilitating socioeconomic effects of this condition

on people with AD, their family and carers.

Sleep disturbance is a risk factor for AD that is beginning to be further explored by the
scientific community. There are two primary states of sleep, non-rapid eye movement
(NREM), and rapid eye movement (REM), both of which involve different neural
characteristics and alternate in their cyclical activity across a single period of sleep (7,8).
NREM is divided into stages 1-4, each stage being a relative representation of the quality of
sleep (7,8). Certain aspects of NREM sleep contribute to memory function and consolidation
of memories (9). REM sleep makes up the remainder and is mainly associated with dreaming
(7). The functions of sleep regarding restoration and recovery of the central nervous system

(CNS) are of emerging interest in the field of AD research.

Sleep disturbance may impair these restorative functions of sleep and play a pivotal role in
the development of AD (1,10-13). Sleep disturbance causes dysfunction of normal waste
clearance and restorative events (14). Such disruption triggers cerebral inflammation,
accumulation of metabolic wastes and an increase of oxidative stress (1,13). A proposed
mechanism attributed to this is a reduction of the brain’s ability to utilise the glymphatic
system (15). The glymphatic system, analogous to the lymphatic system, is a system of waste
clearance of the CNS (16). The main function of this system is to break down and eliminate
soluble metabolites from the CNS (16). This system is activated during a specific phase of
NREM sleep, known as slow wave sleep (SWS) (17). SWS disruption impairs the clearing of

metabolites (15), causing accumulation of metabolic waste including the soluble protein



Amyloid beta (AR) (17,18). It has been demonstrated in animals that sustained accumulation
of AR changes from soluble protein to insoluble plague and is less easily cleared by the
glymphatic system (15). These plaques then negatively affect SWS patterns, causing the

emergence of new and specific sleep patterns (15,19).

The accumulation of AR within the brain is now accepted as a fundamental pathological
process of AD development (17,20). Research has shown that levels of AR progressively
increase throughout the initial stages of preclinical of AD (21) . The preclinical phase does not
appear to be well-defined in the literature, although is suspected to begin approximately 20
years prior to cognitive symptoms classically associated with AD (22). The changes in SWS
mentioned above may hold utility as an indicator of AD development within the preclinical
stage. A preliminary search on the subject yielded numerous animal studies, as well as some
studies in humans, though most are related to the mechanisms connecting sleep and AD.
Research has implicated a relationship between sleep disruption, AR deposition and AD
pathogenesis (23), though conclusive research into the implications of these findings for
humans is lacking. Existing studies discuss the role of sleep disturbance in AD development,
however, there appears to be a lack of evidence pertaining to the use of specific sleep
patterns or quality as early diagnostic markers of AD. For this reason, a systematic review
addressing specific key questions is warranted. However, these questions may be best
informed by first mapping the existing evidence connecting sleep disturbance to AD
development. Therefore, the purpose of this research project was to perform a scoping
review examining the empirical evidence available surrounding specific sleep patterns and
AD. Furthermore, this project aimed to ascertain whether a consistent definition of preclinical
AD exists. Lastly, this scoping review aimed to provide recommendations for future research

and the feasibility of undertaking a systematic review.

This thesis has been arranged into four sections. Section 1 consists of a literature review that
defines Alzheimer’s disease and outlines the health and socioeconomic burden incurred by
this disease. The literature review will also discuss risk factors and diagnosis of Alzheimer’s
disease, with reference to sleep disturbance and its potential implications regarding
Alzheimer’s disease management. Section 2 contains an outline of the scoping review

methodology with contextual reference to the relevant literature. This section will describe



the scoping review process used to conduct this research piece. Section 3 has been arranged
in a manuscript format. This section contains the results of the search process of this scoping
review and discusses the results in relation to the aims and objectives formulated by the
authors. Section 4 contains all relevant appendices including Ethics approval letter, full search

strategy results, two scoping review checklists, and table of included studies.
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Section 1: Literature Review
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Overview

The primary aim of this literature review is to provide background information on the
relationship between Alzheimer’s Disease (AD) and sleep. In addition, this review describes
the socioeconomic burden this disease presents followed by the discussions on risk factors,
pathological hallmarks, current methods of AD diagnosis, treatment and potential

implications of early diagnosis.

Since the preclinical stage of AD is critical in early diagnosis and delaying the onset of AD, this
literature review will also consider whether the existing literature can be used to ascertain
the existence of a consistent definition of the preclinical phase of AD. The preliminary
literature review initially suggested that there is no clear definition and characterisation of

preclinical AD.

Alzheimer’s disease

Alzheimer’s disease (AD) is an incurable neurological disorder with an expected increase in
prevalence from 0.632% to 0.879% of the global population by 2030, burdening individuals,
families, societies and health-care systems (4,24,25). It is the most common form of dementia
(4) accounting for 60-80% of cases (26). The primary complications involve difficulty with
memory, language, and cognitive skills necessary for everyday living (24,26). Although
Alzheimer’s disease predominantly affects individuals above the age of 65 (27), a variation
known as early onset familial Alzheimer’s can appear in the 4™ or 5 decade of life (25). An
exact cause remains elusive (24), yet several lifestyle and genetic risk factors have been
identified, which are discussed below. It is particularly noteworthy that despite the well-
described risks identified in the research, the prevalence of the disease continues to increase

across the globe (26,28).

Health and socioeconomic burden of Alzheimer’s disease

As human lifespans increase, so too does the collective encumbrance of age-related disease
(29,30). AD places a huge burden on individuals, families, carers, communities and healthcare
systems across the globe (2,4,24,25). It is one of the greatest health and economical

challenges of this century (1). The average annual care cost estimated for one person living
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with AD is between $41,689 and $56,290 in U.S. dollars (approximately $67,958 and $91,759
NZD, respectively) (31). By 2030, the global financial cost of dementia could swell to
approximately two trillion U.S. dollars (32). In 2019, unpaid care-givers and family members
spent approximately 18.6 billion hours of their time caring for people with AD and related
dementias globally (3). The significant time period from diagnosis to death, lasting
approximately 4-8 years, contributes significantly to the burden of AD due to infirmity and

dependence of individuals living with AD on carers (3).

In addition to the large-scale economic costs, there exists a wide range of indirect tolls
accrued from caring for individuals with AD. Research shows that it is often family members
who provide significant amounts of unpaid care for people with AD (33). This unpaid care was
valued at approximately $244 billion in the U.S. in 2019 alone (3). As symptoms progress,
additional strain is placed upon the caregiver, resulting in emotional stress and depression,
financial difficulty due to interrupted employment schedules, and physical health depletion
(3). Caring for a spouse with AD related dementia is also associated with a decline in mental
health and reduction of life satisfaction for the carer (34,35). The health and socioeconomic
burdens mentioned above appear to be increasing alongside the prevalence of AD despite
the current advances in diagnosis, treatment and management. It seems clear that innovative
measures are indicated in order to surmount the growing financial, health and societal costs

this disease incurs.

Risk Factors for Alzheimer’s Disease

From a lifestyle perspective, certain factors such as smoking, obesity, poor diet, and existing
metabolic and cardiovascular conditions have been identified as contributors to AD
development (2,36). Genetically, mutations and polymorphisms of certain genes have been
implicated in AD pathogenesis and are considered risk factors for AD development (37). Point
mutations influencing AR production, such as amyloid precursor protein (APP), presenilin 1
and 2 (PSEN 1&2) have been shown to cause AD and are usually inherited as an autosomal
dominant trait (37). Variants of apolipoprotein E (APOE e4) have been shown to increase the
chances of AD development (28,37), with differences in susceptibility depending on the
number of copies of the allele (37). The effects of these lifestyle and genetic events on the

brain include dysfunction of synapses, brain atrophy and hypometabolism, and inflammation,
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all of which promote cognitive decline and exhibit clinical signs associated with the presence

of AD (26).

Pathological hallmarks

AD is classically characterised by the presence of cerebral intracellular accumulation of two
primary biomarkers, phosphorylated Tau proteins, and extracellular AR deposition (38,39).
Recent evidence from both animal and human studies suggests that AR accumulation results
in disturbed sleep patterns and increased wakefulness (40). It is important to note that these
patterns are believed to be different in nature to those leading to the initial plaque
accumulation (23). Furthermore, Tau accumulation has been shown to decrease NREM sleep

slow wave activity (40).

Diagnosis of Alzheimer’s Disease

An accurate diagnosis of AD remains a significant challenge for clinicians (41). It has been said
that the ‘gold standard’ diagnosis for AD can only be achieved by post-mortem brain biopsy
which exhibits the biomarkers of phosphorylated Tau and Amyloid Beta mentioned above
(38,39,42). AD is generally diagnosed using biomarkers testing in cerebrospinal fluid (CSF),
neurological examinations and neuroimaging techniques, as well as consideration of many
patient specific lifestyle factors and medical histories (2,41,43). CSF testing is aimed at
identifying three core biomarkers strongly associated with AD development (sensitive to
>95% and specific to >85%) (44). Biomarkers are anatomical, physiological or biochemical
variables measurable in vivo that indicate explicit pathological changes in a given disease (45).
The three classical biomarkers that have been shown to be positively associated with AD are
elevated AR levels, Tau proteins and phosphorylated Tau (44,46,47). As these biomarkers are
often present prior to classical AD cognitive symptoms (48-50), and may also present in
people who may never progress to AD related dementia in their lifetime (51), controversy
exists over their prognostic utility (52). Furthermore, their utility is undermined as, often, by
the time they are identified the disease is well-advanced and patients may already be

displaying diminished cognitive function (29).
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Preclinical stage of Alzheimer’s disease

Recent advances in the field of AD research have unveiled pathophysiological changes which
begin a number of years prior to the onset of classical AD cognitive symptoms in humans (53).
In this preceding phase, pathological change indicative of AD development can be detected
in the brain through biomarker analysis, thus cognitive function remains or appears normal
(54). This has been labelled preclinical AD, and was first conceptualised almost thirty years

ago, however, no consensus has been reached regarding a standard definition (48).

Potential implications for early diagnosis

The ability to diagnose AD earlier than the current standard has the potential to positively
affect many aspects of the collective impact of AD. In a recent study it was calculated that a
hypothetical intervention which could delay the cognitive symptoms of AD dementia by five
years could reduce the number of patients with AD by 57% (22). This would likely result in a
significant reduction of the associated socioeconomic burden incurred by AD care. On an
individual level, earlier diagnosis may provide the chance to plan for the future regarding
management and/or treatment strategies, as well as perhaps the most important,

preservation of cognitive function for longer (55).

Sleep as a risk factor and potential biomarker for AD development

It has been well established that sleep disturbances occur as a result of AD (56-59). Emerging
evidence now suggests that sleep disturbance may be a risk factor for AD development and
have utility in aiding the diagnosis of AD (60—62). Sleep disturbance causes dysfunction of
brain homeostatic waste clearance and recovery processes (14). Such disruption triggers
cerebral inflammation, oxidative stress, and leads to an accumulation of metabolic wastes in
the brain (1,13). Such processes are, under normal circumstances, regulated by the
glymphatic system (63). The primary function of this system is to break down and purge
metabolic waste from the CNS (16). This system is triggered during slow wave sleep (SWS), a
specific phase of NREM sleep (17). Disruption of this stage of sleep impedes the ability of the
glymphatic system to clear metabolic waste from the brain (15), causing an accumulation of
neuronal debris including the soluble protein Amyloid beta (AR) (17,18). Continued

accumulation of AR causes a structural alteration from soluble protein to insoluble plague
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that the glymphatic system is less able to remove (23). These plaques then negatively affect

sleep patterns in a bidirectional manner, leading to further sleep disturbances associated with

AD development (19,64).

Neuronal integrity

Max.

Amyloid plaques

Neurofibrillary tangles

Min.| ==

Non-AD } Preclinical AD Very mild AD |Mild AD|Mod. AD}Sev. AD,VV
Non-demented (CDR 0) (MCI) (CDR 0.5)] (CDR 1) | (CDR 2)|(CDR 3)

Figure 1. Multimodal techniques for diagnosis and prognosis of Alzheimer’s disease (65).

The accumulation of AR within the CNS is now recognised as a classical event in AD
pathogenesis (17,20,66). As depicted by the red line in Figure 1 (67), preclinical AD is
associated with a steady increase in AR, suggesting an inverse relationship between AD

biomarker levels and neuronal integrity (51,68).

Obstructive sleep apnoea

Obstructive sleep apnoea (OSA) is a type of sleep disturbance in which normal respiratory
function is altered, resulting in partial or complete upper airway closure, leading to blood
oxygen desaturation and arousal from sleep (69). OSA has been linked to Alzheimer’s disease
progression (70). OSA is often diagnosed using respiratory airflow measurements and pulse
oximetry (69), though the gold standard of diagnosis is a combination of

electroencephalogram and polysomnography (71).
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A proposed mechanistic link between AD and OSA involves similar pathways of
neurodegeneration to the sleep disturbances above, namely SWS disturbance, sleep
fragmentation, and hypoxia, leading to an increased amyloid burden within the brain (72,73).
One study reported patients with OSA exhibit similar biomarkers to AD pathology (74).
Further to this, AD and OSA share similar risk factors, such as vascular disease (75). One study
found that the sleep fragmentation typical of OSA was associated with an increased risk of AD
development after a six-year follow up period (76). Another study found significantly higher
levels of AD biomarkers in the plasma of patients with OSA compared to the control group
(77). A particularly noteworthy finding from a recent systematic review is that the links
between OSA and AD are apparent across all age groups (70). As such, OSA could be
categorised as a sleep disturbance with associations to AD pathogenesis through similar
hallmark pathways of pathophysiology, and therefore may have utility as a diagnostic

biomarker of AD.

The orexin system

The orexin system, or hypocretin/orexin system, is a neuronal network responsible for
homeostatic control of certain vital functions, including cognition, mood, energy regulation,
and sleep wake states (78). Therefore, dysfunction within this system may be indicative of
pathophysiological changes arising as a cause or consequence of sleep disruption.
Additionally, one review found that modulation of orexinergic neurons within the CNS had a
direct effect on the AR burden in the brain (79). Further to this, excessive activation of the
orexinergic system is known to cause insomnia (80). This provides mechanistic explanations
of potentially causal pathways relating sleep disturbances to AD pathogenesis, and, as such,

should be reviewed to ascertain whether this can inform this scoping review.

Summary

The research surrounding sleep and AD is extensive. However, there are still some key
guestions which need to be addressed. Much of the research involving the connection
between sleep patterns and AD has been undertaken with animal studies, with some human
research in progress currently. The research that is available suggests that specific sleep

patterns emerge as a result of sustained plague accumulation in the brain (23,81,82). This has
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the potential to be clinically useful as a diagnostic tool for AD in the early preclinical stage.
Early diagnosis of AD has the potential to reduce the associated burden for individuals, carers,
and society. There is therefore a need to undertake a systematic review in order to identify,
evaluate and summarise the evidence surrounding these sleep patterns and AD. However,
this should be preceded by mapping the extent of the empirical evidence to assess the scope
of the scientific literature and determine whether a systematic review is feasible. The
available research also appears to suffer from the lack of a standard definition and

characterisation of the preclinical stage of AD.

The purpose of this research project was to perform a scoping review examining the empirical
evidence available surrounding specific sleep patterns and AD. Furthermore, this project
aimed to ascertain whether a consistent definition of preclinical AD exists. Lastly, the scoping
review aimed to provide recommendations for future research and the feasibility of

undertaking a systematic review.
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Section 2: Methodology
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An overview of scoping reviews

Scoping reviews are an increasingly popular methodology of synthesising knowledge from the
literature in a particular field (83—85). However, their execution is not yet informed by a
definitive or well laid out procedure or definition (83). This has been addressed by many

authors and continues to evolve (83,85).

Mays, Roberts & Popay define scoping reviews as studies which aim to quickly represent the
key concepts that are supporting a research area (86). Arksey and O’Malley (87) rationalise
scoping reviews to be useful for the following reasons: to examine the nature of research on
a topic, to determine the utility of undertaking a systematic review, to summarise and
disseminate research findings, and/or to identify gaps in the literature. While scoping reviews
are similar to meta-analyses and systematic reviews (88), they are, however, inclusive of
research not incorporated into the aforementioned methods, such as grey literature (83),
gualitative, theoretical and narrative research designs (88). In a scoping review methodology,
which scrutinises existing research papers, themes can be identified and evaluated to
recognise research trends and gaps, and potentially provide recommendations for future

research within the relevant fields (85).

Limitations of scoping review methodology

As with many research methodologies, scoping reviews incur their own inherent limitations.
A pertinent limitation is that scoping reviews do not critically appraise the evidence presented
in the selected studies or the methodologies of the studies themselves (87). This limitation
can affect the ability for the research to effectively translate research findings into applicable
concepts and policies for clinical practice (88). Furthermore, as quality appraisal of studies is
not a prerequisite for scoping reviews, a wider range of methodologies may be included into
the research paper selection, which can create difficulty with cohesive synthesisation of
results from different types of studies (87). Another potential limitation is the possibility of
the search process to miss key studies based on the databases chosen, which may not

accumulate all studies relevant to the search (89).

20



Rationale for scoping review

As the relationship between specific sleep patterns and their potential to be utilised for early
diagnosis of Alzheimer’s Disease (AD) is a relatively nascent area of research in humans, a
design with the aim to map and explore the existing and implicated research was indicated.
There are several key questions which need to be addressed by a robust systematic review.
However, it is imperative to have a clear understanding to the types of empirical evidence
available which may inform as to whether undertaking a systematic review is feasible. Arksey
and O’Malley (87) describe such instances as indicative of a scoping review framework in
order to examine the nature of evidence available on a topic and provide recommendations
for more specific research such as systematic reviews. Additionally, it appears a consistent
definition of the preclinical phase of AD has not been widely accepted. Therefore a further
reason to employ a scoping review methodology was to clarify key concepts and definitions
in the literature, as recommended by the Joanna Briggs Institute (JBI) (90). Furthermore,
knowledge gaps were revealed within the current literature, potentially leading to a
diversification and consolidation of research in the field of sleep and neurodegeneration.
Therefore, undertaking a scoping review seemed to be the most appropriate methodology to

answer the research question of this study.

Scoping Review Framework

The scoping review framework for this research was structured in accordance with the six-
stage framework devised by Arksey and O’Malley (5), with refinements and
recommendations from Levac et al. (85), Peters et al. (88), and Pham et al (91). The stages
from one to six consist of identifying the research question, identifying relevant studies,
selecting studies, charting the data, the collation, summarisation and reporting of results, and
finally, consultation with key stakeholders the research may relate to, which is an optional

stage (87).

Stage 1: Identifying the research question
Identification of an applicable research question is the first stage of the scoping review
framework , as it informs the subsequent stages (87). Peters et al. (89) state that the research

guestion must be stated concisely, while containing enough breadth to encompass the scope
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of the enquiry. Arksey and O’Malley (87) support this, adding that an overly comprehensive
guestion may generate an unmanageable amount of literature to review. Arksey and
O’Malley (87) further suggest that a research question should incorporate key aspects of an
intended study. As per the aims and objectives of this study, a mapping of the existing
empirical evidence within the literature surrounding specific sleep patterns and Alzheimer’s
disease (AD) was incorporated into the research question. The JBI suggests incorporating the
Population, Concept, and Context mnemonic (PCC) (89). Therefore, the research question of
this project incorporated people with AD or preclinical AD risk as the intended population,
early diagnosis of AD as the context, and a mapping of the empirical evidence for sleep
patterns as diagnostic tools for AD, as well as the bi-directional connection between sleep
and AD as the concept. This was intended to also inform certain objectives of the research
project regarding unveiling of specific research questions which may form the basis of future
studies such as systematic reviews. Additionally, the sub question/objective was intended to
identify whether a succinct standardised definition of the preclinical stage of AD is in use
and/or is indicated to be formulated by future research. This follows the idea put forth by
Levac et al. (85) that sub-questions focused on the concept of the research can enhance the
quality of the review. With these considerations in mind, the research question decided upon
was “What is the extent and nature of the empirical evidence available related to the role of
sleep disturbance in AD development and specific sleep patterns as early diagnostic

biomarkers for AD?”.

Stage 2: Identifying relevant studies

Stage two was aimed toward identifying appropriate studies that are of direct relevance to
the research question. To identify the resources relevant to this scoping review, the databases
of PubMed, EBSCO Health and ScienceDirect were searched. Arksey and O’Malley (87)
recommend a search process that comprehensively spans the literature, although they
suggest pragmatic restrictions be implemented at the outset. Arksey and O’Malley (87) also
describe the importance of an iterative process with refinements being made as the process
advances. Additionally, Levac et al. (85) suggest the research question to be utilised in
directing the scope of the research, and that all decisions made on this basis be justifiable and
documented should such decisions incur limitations of the project. Levac et al. (85) also

describe the importance of the research team possessing the required expertise to conduct a
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search. To ensure this recommendation was followed, the help of a librarian specialist was

utilised to aid in the development and refinement of search strategies.

Grey literature

Grey literature has been described as uncontrolled information such as unpublished data,
dissertations, policy documentation and personal correspondence not controlled by
peer-review processes (92). Grey literature is not required to follow similar publishing
conventions as empirical literature often is, therefore, it may lead to difficulty in management
of data and extracting information from materials that are less structured than other study
types (93). Grey literature may be included within scoping reviews (83,85), and may have
some benefit in adding breadth to the review (93). However, as the purpose of this scoping
review was to examine the extent and nature of the empirical evidence relating to sleep and
AD pathology as well as diagnosis, grey literature was not appropriate, and therefore, was not

included in the scoping review.

Stage 3: Study selection

Stage three refers to the selection of the appropriate studies for inclusion into the scoping
review. The included studies were necessarily required to answer the research question and
objectives of this study and therefore needed to meet the inclusion and exclusion criteria of
the study. The objectives of this study were to (1) examine the empirical evidence available
related to the role of sleep disturbance in AD development and potential use of specific sleep
patterns as diagnostic markers of AD development, (2) ascertain whether there is a consistent
definition or characterisation of the preclinical phase of AD, and (3) assess the feasibility of
undertaking a systematic review and provide recommendations for future research.
Following the aforementioned restrictions, languages other than English were excluded, and
only articles published within the last twenty years were included. These criteria were devised
by the research team a priori, and following Arksey and O’Malley’s (87) suggestion,
refinements were made as the researcher became more familiar with the literature. An
example of this was the refinement of the first objective. The word ‘development’ was added
to reduce the number of studies conducted on known and diagnosed AD, therefore, the
search results were limited to studies that incorporated preclinical AD, and AD development

and diagnosis, which more closely mirrored the objectives of the study.
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The selection process was initially performed by reviewing the titles and abstracts according
to the inclusion criteria. The inclusion criteria comprised studies that (1) had been published
in the last twenty years, (2) were conducted on AD relating sleep as a major factor, (3)
highlighted the potential for sleep patterns or sleep disturbances as biomarkers for preclinical
diagnosis of AD, (4) were conducted on humans and animals, and (5) had been published in
or translated to English. Search syntaxes were reviewed and refined in an iterative fashion
until saturation point was achieved by meeting all inclusion criteria, as per suggestions by

Colguhoun et al. (83).

Studies were excluded if they were published prior to 2001, and in languages other than
English, due to time constraints. As one of the objectives of this study was to examine the
empirical evidence surrounding sleep disturbance and AD, grey literature was excluded.
Furthermore, as the study intended to examine the potential links between sleep disturbance
and AD development, studies concerning sleep disturbances in already known and diagnosed
AD, as well as studies focusing on other health outcomes and/or neuronal disorders than AD
were excluded unless they contained information directly relevant to the study. Again
Additionally, following Arksey and O’Malley’s suggestion of an iterative approach to the
criteria formulation (87), refinements were made to certain exclusion criteria. For example,
‘studies related to sleep patterns in known and diagnosed AD’ was refined from ‘studies on
known and diagnosed AD’. This was performed to include studies conducted on AD, and
exclude studies concerning sleep patterns caused by AD, which were not of relevance to the
aims and objectives. A second, more thorough review of the articles was then made by
reading the full text of each article. Colquhoun et al. suggest that a portion of selected studies
should be reviewed independently by two reviewers to ensure inter-rater reliability, with a
third reviewer to mediate any disagreement on selection rationale if necessary (84).
Therefore, the selection process for this research project was piloted on 10% of relevant
studies between the researcher and one of the supervisors. A 95% inter-rater agreement was
reached. A second supervisor acted as moderator where discrepancy arose to ensure all
inclusion criteria were met by consensus or percentage agreement. This process led to the

inclusion of a total of 199 studies in this scoping review (Appendix A).
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Stage 4: Charting the data

This stage refers to the organisation and extraction of data from the results generated by the
search process (84). Researchers suggest a form be developed to document information and
key aspects of the results relevant to the research question (84,86). For this review, detailed
analysis of each selected study was charted within an Excel spreadsheet (Appendix A).
Mendeley was used to import studies identified through the search syntax, to assess and
delete duplicated studies and to manage data. The filtration factors were determined by the
inclusion and exclusion criteria, as well as further rationale agreed upon by the supervisory
team. A timeline-oriented column graph was used to demonstrate the temporal focus of

research on sleep and AD research.

Stage 5: Collating, summarising and reporting the results

As the material produced by the literature search was unlikely to yield homogenous research
types, it became impractical to attempt to predetermine the ideal method of collating,
summarising and reporting the results. Arksey and O’Malley (87) recommend a consistent
approach to reporting which enables trends, themes, and research gaps to be quickly
identified. To address this, once the data was appropriately charted, the relevant numerical
and narrative analytical methods and concepts were utilised. For example, reporting
frequency of occurrence, categories and concept distribution, study characteristics,
definitions and descriptive analysis were performed where indicated. As per the
recommendation by Joanna Briggs Institute (JBI) (89), a draft charting table was constructed
to provide a framework for thematic analysis once the appropriate studies were selected. The
aim of this step was to highlight and summarise key information of relevance to the research
guestion (7). Additionally, the outcomes of this study were reported as per scoping review
checklists; the Preferred Reporting Items for Systematic and Meta-Analyses extension for
scoping review (PRISMA-ScR) (Appendix B) (94), and Cooper’s Checklist for Scoping Reviews
(Appendix C) (95). Moreover, following the suggestion by Tricco et al. (94), a flow diagram,
which is demonstrating the study selection process, was created (Figure 1; in the ‘Manuscript

Section’).
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Stage 6: Consultation (Optional)

As outlined by Arksey & O’Malley (5), a sixth stage is an optional addition to scoping review
framework, which aims to consult the relevant professional bodies pertaining to the topic.
The JBI recommends implementing this stage into all scoping reviews (89), however, others
argue that a specific purpose related to the intended research should be evident prior to its
inclusion (85,87,96). Buus et al. (96) also suggest that the consultation phase only is included
when the research piece reports on the effect of alternative expressions and invites genuine
participation. Following these suggestions, as well as the limitations of time, feasibility and
resource constraints of a master’s thesis, the decision was made by the research team to not

incorporate the optional sixth stage in this scoping review.
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Abstract

Alzheimer’s disease is the most common type of dementia, and its prevalence is increasing
world-wide. This disease incurs a wide range of complications for individuals and society. No
current therapies exist to cure or stop the progression of the disease once diagnosed within
an individual. Many risk factors for Alzheimer’s disease are known, although one which has
recently emerged within the scientific literature is sleep disturbance. The true implications of
the research are at present, incomplete, yet the studies available have shown promise of the
potential diagnostic and therapeutic value of sleep. Therefore, this study aimed to examine
the extent and nature of research available discussing the role of sleep in Alzheimer’s disease
development, as well as the potential utility of specific sleep disturbances to be diagnostic
biomarkers for Alzheimer’s disease. A five-stage scoping review framework developed by
Arksey and O’Malley was utilised to ensure an in-depth review of the relevant literature was

achieved.

From a total of 3,375 studies, 199 were included into this scoping review and classified into
four primary themes: 1) Mechanistic links between sleep disturbance and Alzheimer’s
disease, 2) Sleep disturbance as a biomarker for Alzheimer’s disease, 3) Sleep as a therapeutic
target for Alzheimer’s disease, and 4) Preclinical Alzheimer’s disease definition. This review
has covered a range of studies that discussed links between sleep disturbance and
Alzheimer’s disease pathogenesis. The findings suggests that certain sleep patterns may have
diagnostic and therapeutic uses in Alzheimer’s disease; however, further experimental
research is indicated to substantiate these hypotheses. The term preclinical Alzheimer’s
disease requires a relevant and concise consensus regarding its definition in order for the

aforementioned hypotheses to fully be explored for their respective potential.

Keywords:

Alzheimer’s disease, preclinical, sleep disturbances, biomarker, amyloid beta
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Introduction

Alzheimer’s disease (AD) is an increasingly prevalent neurological disorder with no known
cure and incurs an extensive range of individual and socioeconomic costs (1-3). Recent
research suggests that sleep disturbance may play a role in the development of AD (4-8).
Sleep disturbance can cause dysfunction of brain homeostasis processes related to AD (9).
Such disruption triggers cerebral inflammation, accumulation of metabolic wastes and an

increase of oxidative stress, all of which have been associated with AD (6,8).

Certain biomarkers have been observed in the preclinical stage of AD and are predictive of its
onset up to 20 years prior to a classical symptomatic state (10). Researchers within the field
believe that this early phase is likely to be more amenable to therapeutic intervention than a
later stage of diagnostic pathological state (10—12). This highlights the need for a standardised
definition and or characterisation of preclinical AD, accounting for as many variations as
possible of the early preclinical stages of the AD continuum. It also warrants thorough
research into as many contributing factors that may serve as biomarkers (such as sleep
patterns) as possible in order to fully elucidate the potential causative mechanisms and
further develop preventative management. Many contributing factors have been proposed
by researchers, however, as the intended research pertained to specific sleep patterns and
their potential relationship to AD, this is the primary risk factor and potential diagnostic
biomarker explored. Therefore, the purpose of this research project was to perform a scoping
review examining the empirical evidence available surrounding specific sleep patterns and
AD. Additionally, this project aimed to ascertain whether a consistent definition of preclinical
AD exists. Finally, the scoping review aimed to provide recommendations for future research

and the feasibility of undertaking a systematic review.

Methods

This scoping review followed a five-stage framework devised by Arksey and O’Malley (13) in
conjunction with the Preferred Reporting Items for Systematic reviews and Meta-Analyses
extension for Scoping Reviews (PRISMA-ScR) checklist by Tricco et al. (Appendix B) (14), and

Cooper’s Checklist for Scoping Reviews (Appendix C). The scoping review framework employs
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a five-stage framework, with an optional sixth stage. The stages are 1) identification of the
research question, 2) identification of the relevant studies, 3) study selection, 4) charting the

data, and 5) collating, summarising and reporting the results.

Stage 1: Identification of the research question

The research question that guided the scoping review was “What is the extent and nature of
the empirical evidence available related to the role of sleep disturbance in Alzheimer’s
Disease (AD) development and specific sleep patterns as early diagnostic biomarker for AD?”.
This question was specifically formulated to focus on research discussing sleep disturbances
and their potential contribution to AD development, as opposed to already known and
diagnosed AD, in which different sleep disturbances arise as a result of existing AD

pathophysiology.

Stage 2: Identification of the relevant studies

The search strategy was developed by the researcher with the help of the supervisory team
and a specialist librarian. Initially, key terms relating to the research question were entered
into PubMed, EBSCO Health, and ScienceDirect databases. The results of this preliminary
search were used to identify further topic specific keywords in order to generate the
appropriate search syntaxes to be used to identify the existing literature relevant to the
research question. The eight syntaxes generated from this were as follows; ((sleep
disturbance) AND (amyloid beta)) AND (Alzheimer’s disease), ((Preclinical Alzheimer's
disease) AND (definition)), ((sleep disturbance) AND (Alzheimer's disease)) AND (Biomarker),
((sleep disruption) AND (Alzheimer's disease)) AND (biomarker), (sleep disturbance) AND
(preclinical Alzheimer's disease), (sleep disruption) AND (preclinical Alzheimer's disease),
“sleep disruption” AND “Alzheimer’s disease”, and (sleep patterns) AND (preclinical
Alzheimer's disease) (Appendix D). These syntax combinations were also entered into

PubMed, EBSCO Health, and ScienceDirect databases.
Due to the unmanageable number of studies not relevant to the research generated by

ScienceDirect, changes were made to the parentheses structured to surround the key terms

and Boolean operators. While parentheses were used in PubMed and EBSCO search syntaxes,
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inverted commas were used when searching ScienceDirect to reduce the number of results.
The search identified 2821 articles, which were then imported into the referencing software

Mendeley. After removing duplicates, 1612 articles remained.

A second and final search was performed using the same syntax combinations and databases
as the original search. This was decided by the research team to be the cut-off for including
new articles into the scoping review based on feasibility and time constraints. This search
performed in December 2021 identified a further 33 articles within the literature which had

been made available following the original search.

Stage 3: Study selection

Eligibility criteria were established prior to execution of the search, and as per suggestions by
Arksey & O’Malley (13) was an iterative process that was adjusted as the researcher became
familiar with the existing literature. The first filter to determine suitability of studies was an
“eyeball screen” of the title and abstract of each article. An article passed through this stage
when it contained a combination of major keywords pertaining to the research topic -
sleep/sleep disturbance AND Alzheimer’s disease, or other similar and related phrasing
referring to links between sleep and AD or the preclinical phase of AD. If this was not found
in the title, the abstract was required to contain reference to parts of the article which were
related specifically to the research question, aims and objectives and/or inclusion criteria of

the research project.

This screen identified 356 articles for further scrutiny through application of the inclusion and
exclusion criteria (Table 1). The inclusion criteria were formulated to be specific to the aims

and objectives of the research and was an iterative process.

A second search was performed with all eight syntaxes in order to ascertain whether any new
research had been published in the time succeeding the first search. Of the 33 articles
identified during the second search, 28 were excluded through “eyeball screen”, 2 were
removed by application of the inclusion/exclusion criteria (Table 1), leaving 3 to be included
within the review. This indicated saturation point had been achieved, and no further articles

were considered for inclusion. This brought the total to 359 after removing duplicates.

44



Table 1. Inclusion and Exclusion Criteria

Inclusion criteria Exclusion criteria
1. Studies published in the last twenty years 1. Non peer-reviewed research (websites, blogs,
letters, guidelines, grey literature)

2. Research conducted on AD relating sleep as a
major factor 2. Studies involving sleep and health outcomes

and/or neuronal disorders other than AD

3. Studies highlighting the potential for sleep
patterns or sleep disturbances as biomarkers 3. Studies relating to sleep patterns in known and
for preclinical diagnosis of AD diagnosed AD

4. Human and animal studies

5. Studies published in English

Screening of the articles using the inclusion/exclusion criteria removed studies unrelated to
the aims and objectives of the research, bringing the total of studies to be included into the

review to 199.

Stage 4: Charting the data

After inclusion and exclusion criteria were applied, all remaining articles were transferred into
a separate Excel spreadsheet containing only the studies to be included in the project. Data
extraction fields for this process included author/s, year of publication, study aim, DOI, study

type, outcome, and a short summary of the paper by the primary researcher.

Stage 5: Collating, summarising and reporting the results

Following the charting process, all 199 articles were read, compared and contrasted, and
categorised according to the aims and objectives of the review, and by apparent themes
arising from the literature. This process was iterative with themes being refined as the
researcher became more familiar with the included studies. Each study was classified into one
of the following themes. 1) Mechanistic links between sleep disturbance and AD 2), sleep
disturbance as a biomarker of AD, 3) sleep as a therapeutic target for AD, and 4) preclinical
AD definition. Each of these themes included one or more sub-themes. This study was exempt
from the requirement of ethical approval following a review by Unitec Research Ethics

Committee (Appendix E).
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Results

Overall, the search syntax combinations yielded 3,375 studies, which after the removal of 515

sets of duplicates, was reduced to 1645. After the initial screening phase, 1286 of these were

deemed unsuitable as they did not relate to the research topic, leaving 359 studies remaining.

A further 166 studies were then omitted after reading the full text due to not meeting the

inclusion criteria, and as a result a total of 199 remained and were included in the scoping

review (Figure 1).
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Figure 1: PRISMA-ScR flow diagram of search strategy and study selection process (14).
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Characteristics of included studies

This scoping review included 199 studies published between 2001 and 2021. The majority of
included studies were published in 2020, with an increase in the frequency of publication
from 2010 onwards. Eighty-four percent of these were published from 2014 onwards. None
were published in 2002 or 2007, and less than four percent of the total included studies were

published between 2001 and 2009 (Figure 2).

40
35
30

25

36
31
22
20
20
16
15 13 14
12
10 9
6
, 4
2
1 1 1 1 1 1
0 - 0

0 [ | | Il . Il .

200120022003200420052006200720082009201020112012201320142015201620172018201920202021

w

Figure 2. Number of included studies by year of publication

The included studies were comprised of 16 different study types; however, literature reviews
were the predominant design, accounting for 52.2% (n=103) of all included studies.
Unspecified experimental designs made up 28% of the included studies. Nine clinical trials

were included, accounting for five percent of the total included studies.
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® Reviews ® Experimental Studies

Figure 3: Number of studies in review form versus experimental studies

Observed themes of included studies

The included studies often contained information of relevance to more than one theme and
thus were overlapping in their numerical representation of the observed themes (Figure 4).
A majority of studies contained content relevant to theme one; ‘mechanistic links between
sleep disturbance and AD’ (81.9%, n=163), followed by theme two; ‘sleep disturbance as a
biomarker for AD’ (43.8%, n=89), and theme three; ‘sleep as therapeutic target’ (42.8%,
n=87). Theme four; ‘Preclinical Alzheimer’s Disease definition’ contained the smallest number

of studies (9.4%, n=19) (Table 2).
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Table 2: Themes and Sub-themes of Included Studies

Primary Themes

1.Mechanistic links between sleep

disturbance and Alzheimer’s disease

2.Sleep as a biomarker of Alzheimer’s
disease

3.Sleep as a therapeutic target

4.Preclinical Alzheimer’s disease
definition

Sub-themes

F (RSN ORO

Amyloid
Beta/Slow wave
Amplitude sleep
Orexin/hypocretin
SYSTEM
Apolipoprotein E
(APOE)
Obstructive Sleep
Apnoea (OSA)
Melatonin

Tau

K-complexes

Gut Microbiome

Slow Wave
Amplitude Sleep
REM Sleep

Sleep Spindle
Activity
Melatonin Levels

Slow Wave
Amplitude Sleep
Continuous
Positive Airway
Pressure
Trans-cranial
Magnetic
Stimulation
Orexin/Hypocretin
system

Definition of
Preclinical
Alzheimer’s
Disease
Limitations and
Challenges of the
Current Definition

Number of Number of
studies per  studies/ (% of
sub-theme total)

133
14
16

163/ (81.9%)
35

1 76/ (37.4%)

15
13

86/ (43.7%)

19

19/ (9.5%)
11
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Figure 3: Numerical representation of included studies by thematic classification

1. Mechanistic links between
sleep disturbance and
Alzheimer’s Disease

I:l 2. Sleep as a biomarker for
Alzheimer’s Disease

3. Sleep as a therapeutic
target for Alzheimer’'s
Disease

4. Preclinical Alzheimer's
Disease definition

Figure 4: Euler diagram showing overlap of studies between the four primary themes
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Theme one: Mechanistic Links between Sleep Disturbance and

Alzheimer’s Disease

This theme included articles that contained information regarding hypothesised and/or
observed pathophysiological mechanisms linking the effect of sleep disturbance to AD
pathogenesis and/or progression. This theme contained the largest number of studies
(n=163), discussing multiple pathways in which sleep disturbance may result in
pathophysiological changes associated with AD. The predominant study type in this theme
were reviews (n=87), including three systematic reviews. (15-17). The remaining studies were
comprised of nine clinical trials (18-25), two secondary data analyses (26,27), two
longitudinal studies (28,29), and one each of the following; mendelian randomisation (30),
randomised crossover study (31), nested case-control (32), nested survey (33), one clinical

trial protocol (34). The remaining fifty-five were unspecified quantitative studies.

Gut microbiome
K-complexes

Tau

Melatonin

Obstructive Sleep Apnoea
Apolipoprotein
Orexin/Hypocretin system

Amyl oid/Slow Wave Amplitude Sleep

0 20 40 60 80 100 120 140

Figure 4. Physiological mechanisms linking sleep disturbance and Alzheimer’s Disease
reported by studies from theme one.

Non-Rapid Eye Movement Sleep/Slow-Wave Amplitude Sleep/Amyloid Beta

81.6% of the studies (n= 133) in theme one focused on Slow Wave Amplitude (SWA) or Non-
Rapid Eye Movement (NREM) sleep, and its relationship with the molecule Amyloid Beta (AR).
Reviews were the most common study type in theme one, accounting for 65% (n=87) of the
133 studies. Of the 87 reviews included in theme one, 74 described the AR hypothesis as a

potential mechanistic pathway in which sleep disturbance may contribute to
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pathophysiological changes associated with AD (5,6,8,15,17,35-108). In discussing the
amyloid hypothesis, these 74 studies referenced a wide range of research including other
reviews and many original research experiments. There appear to be no major discrepancies
regarding the role of AR in AD development between the 74 reviews and the experimental
studies within this theme. The majority of these studies further discussed a reduced capacity
of the glymphatic system resulting from SWA sleep loss to be a potential mechanistic pathway
of AR accumulation and a precipitating factor in AD pathogenesis (8,28,36,37,49 ,58,60,
61,68,70,77,82,83,97,100,106,108-113). The studies in this sub-theme appear to be
consistent in reporting disruption of SWA results in AR aggregation within the brain and is a

contributing factor of AD pathogenesis.

Orexin/Hypocretin system

Fourteen of the articles in theme one discussed the role of the hypocretin/orexin system in
sleep and AD development (8,19,23,38,95,108,111,114-120). Studies in this sub-theme
spanned a publication date range from 2012 to 2021. Eight of these studies were in review
form (8,38,95,111,116,119-121). Seven were experimental designs, including two clinical
trials (19,23), one mendelian randomised analysis, and four which did not specify the type of
experiment (113—-115,118). Nine of these studies discussed the role of orexin in regulation of
AR levels (23,95,108,111,114-116,118,120). These studies show broad agreement that
disruption of the orexin/hypocretin system due to sleep disturbance is implicated in the

pathogenesis of AD.

Apolipoprotein Epsilon (APOE)

The genetic influence of APOE was reported as a contributing factor to AD development by
seventeen included studies (5,6,18,26,42,55,73,74,81,90,94,100,122-126). These studies
were published over seventeen years, from 2004-2021. All of these studies considered the
influence of APOE on sleep, AD biomarkers and the presence of APOE as a risk factor for AD

(5,6,18,26,42,55,73,74,81,90,94,100,122-126).

Obstructive Sleep Apnoea

Obstructive Sleep Apnoea (OSA) was identified by 35 articles as being a risk factor for
developing AD (5,6,15-17,21,28,29,35,41,42,45,53,66,72,73,76,81,88,94,95,99,106,107,109,
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113,123,125,127-132). The articles discussing OSA spanned the full range of the twenty-year
inclusion period, demonstrating a wider range of publication dates than other sub-themes.
These included 21 literature reviews (5,6,35,41,42,45,53,66,72,73,76,81,88,94,95,99,106,
107,128,131,132), and three systematic reviews (15-17). The remaining 12 were of
experimental designs, including one clinical trial (21), two longitudinal studies (28,29), and
nine which did not specify the type of experiment (109,113,123,125,129,130,133-135). The
studies within this sub-theme show a consistent theme regarding the interaction between

OSA and AD biomarker progression and/or pathophysiological changes associated with AD.

Melatonin

Six studies mentioned the involvement of the hormone melatonin in the AD pathogenesis
process (39,63,103,119,120,136). These studies were published between 2003 and 2021. One
was a non-randomised controlled trial (136), and the remaining five were literature reviews
(39,63,103,119,120). Five studies discussed the role of melatonin in regulating AR levels
(39,63,103,120,136). Two studies reported a higher level of melatonin having a
neuroprotective effect on AR burden (63,103). Additionally, two studies argued that a lower
level was a clinically observable sign in preclinical AD (39,63). One study found that decreased
melatonin promotes the dysfunction of neural networks related to cognition, thereby
contributing to AD pathogenesis (119). The studies within this sub-theme appear to report

similar findings regarding the potential role of melatonin in AD pathogenesis.

Tau Protein

Tau proteins were discussed by 31 of the studies in theme one regarding their bidirectional
relationship with sleep disturbance (8,17-19,28,41,44,45,48,49,53,55,57,63,66,72,75,84,87,
98,111,125,133,137-144). These studies were published between 2014 and 2021, with
greater frequency from 2018 onwards. Reviews were the most common study type in this
sub-theme, accounting for 17 of the 31 studies (54.8%) (8,41,44,45,48,49,53,55,57,63,66,72,
75,84,98,111,145). Unspecified experimental study designs accounted for seven of the 31
studies (22.6%) (125,133,138-141,143). The remainder was made up of two clinical trials
(18,19), two controlled trials (137,142), one longitudinal study (28), one two-condition

crossover study (144), and one systematic review (17).
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K-Complexes

K-complexes were described by three articles as having a mechanistic relationship to AD
pathogenesis (25,37,45). These were made up of two literature reviews (37,45) and one
prospective cohort study (25). These studies were published within a shorter date range than
other sub-themes, from 2020-2021. Two of these studies defined K-complexes as a hallmark
of stage two NREM sleep, characterised by a negative slow sharp brain wavelength,
succeeded by a positive slow brain wavelength (25,45). All three studies exhibit agreement in
reporting a decrease of K-complexes in those with aMClI, a precursive state of AD (25,37,45).

One study further discussed K-complexes as having a role in sleep preservation (25).

Gut Microbiome
One study discussed the relationship between the gut microbiome, sleep and circadian
rhythms (146). The study was a literature review conducted in 2021 that compiled research

regarding the mechanistic links between gut and brain health in relation to AD.

Theme two: Sleep disturbance as a Biomarker of Alzheimer’s Disease

The articles in this theme described ways in which sleep disturbances may precede, initiate
or cause AD pathogenesis. Furthermore, the authors of these articles suggested the potential
for sleep disturbances to be considered for their utility as biomarkers of AD. A total of 76
articles described the feasibility of specific sleep disturbances as potential biomarkers for AD
or preclinical AD (6,7,18,25,29,32,34-37,44,47,49,50,52,53,55-57,59,60,62,63,69,74,75,78,
82-84,86,87,90,93,95-97,99,115,124,125,136,137,139,142-144,147-174). 40.8% (n=32) of
these studies were published in the latter two years of the twenty-year inclusion period,
between 2020 and 2021. Only four studies in theme two were published prior to 2010, with
a steady increase in publication frequency after 2014. Six studies concluded that sleep
disturbances could be useful as biomarkers of neurodegeneration, but not AD specifically
(35,111,137,158,164,165). Ten studies discussed the role of sleep disturbance as a risk factor
to be screened for to aid AD diagnosis or identify risk of development (34,63,144,147,149,
150,161,168,169,174). 45.6% of the studies in theme two (n=36) explicitly described the

potential for sleep disturbances to have utility as biomarkers for AD or preclinical AD
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(7,18,39,44,49,50,55,57,59,60,62,69,74,75,78,82,83,87,90,93,95,97,99,139,142,153,156,157
,159,160,162,163,170,171,175).

Aspects of Sleep with Possible Biomarker Utility

Altered SWA sleep was the predominant sleep pattern reported to have value as a biomarker,
mentioned in 11 articles (6,36,37,47,52,53,84,124,148,166,173). Decreased REM sleep was
the next most considered sleep stage, mentioned in eight articles for its potential diagnostic
use (37,115,143,154,167,172,173,176). Altered sleep spindle activity, occurring in NREM
stage 2, was recommended to have diagnostic value by two studies (53,152). One study found
K-complexes of a spontaneous nature to have high specificity and sensitivity as biomarkers
for aMClI, the precursive state of neurodegeneration to AD (155). Two studies discussed

altered melatonin levels to be a potential biomarker of AD development (136,171).

Theme Three: Sleep as a Therapeutic Target for Alzheimer’s Disease

The studies included in this theme contained suggestions of the possible amelioration or
prevention of AD related pathophysiological changes by the treatment of sleep disturbances.
42.4% (n=86) of the total included studies for this scoping review described sleep as a
potential therapeutic target for AD prevention, symptom amelioration, and/or slowing
disease progression (5,6,8,16,18,21,25,27-29,34-37,39,42-52,55-57,59,61-66,68,69,71,76—
80,84-86,88,90,91,93-95,98-100,106-108,116,124,125,131,132,136-138,152-154,159, 161
—166,174,177-185). Studies in this theme spanned the full twenty-year inclusion period. 2020
saw the highest publication frequency of articles suggesting sleep as a therapeutic target for
AD (n=19). Reviews were the predominant study type in this theme, accounting for 70.1%
(n=61) of the included articles. Two clinical trials were included (18,21), one of which
suggested the use of a CPAP machine to normalise AD biomarkers and stabilise AD
pathophysiology (21), and the other targeting SWA sleep improvement to alleviate cognitive
symptoms in early or preclinical AD (18). Five studies in theme three mentioned
pharmacological approaches as a way to improve sleep in order to prevent AD (94,164,177,
182,186). Ten studies described non-pharmacological means as potential therapeutic targets

to improve sleep and prevent or slow AD (8,27,37,64,65,98,136,186).
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Non-Rapid-Eye-Movement/Slow Wave Amplitude Sleep

SWA sleep as a possible target for either AD prevention or amelioration and/or cognitive
stabilisation was discussed by 15 of the studies included in theme three (6,18,35,39,43,
47,52,55,76,79,83,84,86,124,152). One study recommended auditory treatment to improve
memory retention and augment SWA sleep quality (43). Another discussed improvement of
SWA sleep as a means to reduce symptoms associated with cerebral small vessel disease, a
known contributor to AD (52). The results of this sub-theme show agreement regarding the
potential for SWA sleep to have utility as a therapeutic target for AD prevention and/or
amelioration. No discrepancies appear to be evident between the studies of this sub-theme
regarding the potential role of SWA sleep enhancement for AD prevention/symptom

reduction.

Continuous Positive Airway Pressure

Continuous Positive Airway Pressure (CPAP) treatment was mentioned in 13 of the studies
included in theme three as a potential therapeutic target to prevent or treat preclinical AD
and/or already diagnosed AD (16,21,28,29,45,66,100,107,125,131,132,162,180). 54% (n=7)
of these studies were reviews, being made up of five literature reviews, (45,66,100,107,131),
one systematic review (16), and one narrative review (132). The remaining studies were of
varying experimental designs, including two longitudinal studies (28,29), and one clinical trial
(21). The majority of these studies show broad agreement regarding the effects of CPAP
treatment on AD biomarkers, and phases of sleep associated with AD. However, one study
found no improvements in AD biomarker levels in individuals treated with CPAP (107). This
study used retrospective data from 19 participants who were part of a routine diagnostic

patient population.

Trans-Cranial Magnetic Stimulation
One study described the use of Trans-Cranial Magnetic Stimulation (TMS) as technology to

enhance sleep in order to treat and/or prevent AD (50).
The Orexin/Hypocretin system

Five studies discussed a potential role for orexin in a therapeutic context to improve sleep

quality and reduce AD risk (8,108,111,115,116). Two studies addressed the orexin/hypocretin
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system as a potential therapeutic target to improve sleep/wake activity in preclinical AD
(108,116). Another suggested orexin receptor antagonists may improve sleep quality in

diagnosed AD patients (8).

Theme four: Preclinical Alzheimer’s Disease Definition

This theme contained the least number of articles (n=19) and included studies mentioning or
discussing the term ‘preclinical AD’. This theme was only noted in studies published in the
second half of the twenty-year inclusion criteria (2010 to 2021). The predominant study types
included were quantitative experimental designs, accounting for 42% of studies included in
theme four (187-194), and literature reviews, accounting for 37% (195-201). The remaining
21% was made up of two perspective reviews (10,202), one longitudinal study (203), and one

systematic review and meta-analysis (204).

Definitions of Preclinical Alzheimer’s Disease

89.5% (n=17) of studies in theme four cited a definition of preclinical AD (10,188—-203). One
study (10) cited an article in which the definition is believed to have been first coined (205).
This article defined preclinical AD as “the presence of Alzheimer’s biomarkers on post-
mortem examination of cognitively unimpaired individuals” (205). A refinement by the
International Working Group (IWG) and the American Alzheimer’s Association (AAS) changed
this to include living individuals with signs of Alzheimer pathology who are asymptomatic (10).
Eight of the nineteen studies in theme four used this definition (10,189,191-
193,197,202,203). Seven cited a further refined definition formulated by the National
Institute on Aging and Alzheimer’s Association (NIA-AA), which describes AD in the context of
a continuum (187,190,194,198-201,204). Two studies referred to preclinical AD but did not

explicitly define the term using either of the above definitions (195,196).

Limitations and Challenges of the Current Definition

Eleven studies in theme four highlighted limitations and challenges surrounding the definition
of preclinical AD (10,187,192,193,195-198,200,201,204). Of these eleven studies, three
discussed ethical considerations surrounding the diagnosis of preclinical AD (10,196,200). All

three of these studies questioned the implications of diagnosing preclinical AD in individuals
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which, though meeting the preclinical criteria, may not transition to AD in their lifetime
(10,196,200). Two studies questioned the rationale of delivering a preclinical AD diagnosis in
a time where there is no available treatment (197,200). Two studies raised the issue of
specificity regarding the NIA-AA staging of preclinical AD and described the potential for
biomarkers such as AB or neuronal injury evidence to arise from other pathologies than
preclinical AD (193,201). One study suggested that stage three of the NIA-AA preclinical
framework be termed “clinical” rather than preclinical, as the positive biomarkers in
conjunction with altered cognition is likely indicative of true AD, rather than a precursor phase
(204). One study questioned the diagnostic advantage of biomarkers associated with
preclinical AD, with the authors asserting that biomarker presence in cognitively normal
subjects may be the result of a normal brain ageing process, rather than pathology (201).
Additionally, the authors described the concept of preclinical AD as ‘doubtful’, due to the
inability for the cognitive dysfunction associated with stage 3 of preclinical AD to be

objectively measured (201).

Discussion

The overall aim of this scoping review was to examine the extent and nature of the literature
available relating sleep disturbance to AD development. This was performed in order to 1)
ascertain the role of sleep in the development of AD, and 2) to assess whether specific sleep
disturbances could be employed as biomarkers of preclinical AD. Four primary themes were
observed within the included literature. These were 1) mechanistic links between sleep and
AD, 2) sleep disturbance as a biomarker for AD, 3) sleep as a therapeutic target for AD, 4)

preclinical AD definition.

Mechanistic Links between Sleep and Alzheimer’s Disease

Non-Rapid Eye Movement Sleep/Slow-Wave Amplitude Sleep/Amyloid Beta

The most predominant phase of sleep reported to have a causative role in AD/preclinical AD
development was NREM sleep disturbance and the associated AR build-up thought to result
from such disturbance (5,6,8,15,17,18,20,22,24,28-30,32,33,35-108,113,114,118,124,126,
133,135,137-140,142-144,147,148,151,156,157,159,160,162,163,166,170,174,177,179,182

,183,186,206—212). An important finding of the results was the number of studies that were
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in review form (n=74) (5,6,8,15,17,35-108). This could potentially weaken the evidence
implicating the AR hypothesis as a causative factor in AD. If a greater percentage of
experimental studies was observed within the literature, it is possible that the AR hypothesis
could more accurately be represented. However, a number of quantitative experimental
studies addressed the AR hypothesis with relatively consistent results. Several of these
studies reported that disturbance of SWA sleep was associated with increased levels of
circulating AR within the brain (20,22,148,166,170,206,207), including two clinical trials
(20,22). Interestingly, one study which restricted participants’ sleep, while preserving SWA
sleep found no increase in circulating AR levels (31). This is a noteworthy study, as although
sleep disturbance was induced and resulted in no increased AR levels, the phase of sleep
many researchers deem integral to maintain in order to avoid AD pathogenesis was not
disturbed. Therefore, this study appears to demonstrate the conclusions reached by other
studies discussing SWA sleep as a regulator of pathological processes associated with AD
pathogenesis. A study performed on participants with amnestic Mild Cognitive Impairment
(aMCl) reported a decrease in SWA sleep compared to control participants without aMCl
(213). The authors concluded that sleep disturbance was likely indicative of neurological

decline (213).

Orexin/Hypocretin System

The orexin/hypocretin system was discussed by fifteen of the included studies in relation to
its association with sleep and AD (8,19,23,38,95,108,111,113-120). The majority of these
studies agreed that the orexin/hypocretin system regulated the sleep/wake cycle in a
bidirectional manner (8,19,23,38,95,108,111,113-120). However, one study reported a lack
of substantial evidence implicating sleep disturbances as having causal effects on AD risk
(117). This study was a mendelian randomisation using Genome Wide Association Studies
(GWAS) in conjunction with self-reported sleep measures (117). A different approach taken
by this study was the inclusion of subjective sleep reports from participants into the results.
This is interesting, as such reports have been shown to correlate poorly with objective sleep
quality (124). However, the included studies appear to indicate a mechanism whereby sleep
disturbance interferes with the orexin/hypocretin system and contributes to AD

pathogenesis.
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Apolipoprotein Epsilon

The genetic variation of Apolipoprotein Epsilon e4 (APOEe4) was implicated by the results of
this scoping review to contribute to AD pathogenesis through disruption of processes
associated with sleep homeostasis (5,6,18,26,42,55,73,74,81,90,94,100,122-126). The
studies discussing APOE spanned a 17-year publication period. Among the sub-themes of
theme one, this topic is one of those with a wider timespan of publication dates of individual
studies. This may indicate the research on the link between this genetic variation and AD to
be reasonably robust. Four of the 17 studies discussing APOEe4 agreed that improved sleep
quality reduced the risk of AD development conferred from the APOEe4 genetic variation
(6,90,94,100). This may have interesting implications for future research on the role of sleep
in attenuating the genetic influence of APOE on AD pathogenesis and/or progression. One
study found mice with the APOE4 gene experienced excessive sleep problems (123). Two
studies reported a correlation between improved sleep quality and attenuation of the effect
of APOE4 on AD risk (94,100). One study found that those with the APOE3 genotype and
sleep-disordered breathing showed higher levels of circulating AD biomarkers than those with
only sleep-disordered breathing (125). Two studies described the presence of APOE as a risk
factor for AD, and both added that it was typically associated with sleep disturbances, such

as SWA and REM sleep reduction (6,94).

Obstructive Sleep Apnoea

The nocturnal breathing disorder Obstructive Sleep Apnoea (OSA) was discussed by 34 of the
included studies (6,15-17,21,28,29,35,41,42,45,53,66,72,73,76,81,88,94,95,99,106,107,109,
113,123,125,127-132). These articles spanned the full 20-year inclusion period of this scoping
review. This sub-theme also included a higher percentage of experimental studies compared
to others within theme one. These included two longitudinal studies (28,29), a secondary data
analysis (26), one non-randomised controlled trial (113), one clinical trial (21) and a mixture
of human and animal experimental studies (109,113,123,125,127,129,130,133,135). Three
systematic reviews (15—17) also discussed OSA as a contributing factor of AD. The results
show broad agreement on the influence of OSA on AD pathogenesis. This may present an
opportunity for further research into treatment of OSA as a means to reduce its own

complications, as well as a possible preventative measure against AD onset.
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Melatonin

Melatonin was discussed by six of the included studies with regard to its role in the
pathogenesis of AD (39,63,103,119,120,136). All six studies reported similar results regarding
melatonin’s associations with AD pathogenesis. Five studies discussed the role of melatonin
in regulating AR levels (39,63,103,120,136), with a higher level having a neuroprotective
effect on AR burden (63,103) and a lower level being a clinically observable sign in preclinical
AD (39,63). One study further found that decreased melatonin promotes the dysfunction of

neural networks related to cognition, thereby contributing to AD pathogenesis (119).

Tau Proteins

Four studies agreed that Tau protein abnormalities occurred typically as a downstream effect
following AR accumulation and aggregation (19,87,98,133). However, some studies indicated
a causal link between sleep disturbances and abnormal Tau metabolism (8,66,72,125,138).
One study describes abnormal Tau activity as the earliest observable sign of AD, accumulating
in sleep-regulating areas of the brain even prior to observable AR changes (87). One
experiment investigated links between sleep quality and AD biomarkers, finding self-reported
sleep disturbances were associated with increased levels of Tau in the cerebro-spinal fluid

(CSF) (138).

K-complexes

All three studies in this sub-theme discuss K-complexes as having a mechanistic link to AD
pathogenesis (25,37,45). The prospective cohort study reported significant differences
regarding K-complex density between participants with aMCl and those with AD, and further
suggested such differences to have robust diagnostic utility with high specificity and
sensitivity (25). Furthermore, the authors described K-complexes as having protective effects
on NREM sleep (25). This is interesting, given the suggested relationship between NREM

sleep and AD pathogenesis discussed by many of the studies included in this scoping review.

Gut Microbiome

This sub-theme contained one study in which the authors discussed a mechanistic link

between sleep disturbance, gut microbiota and AD (146). The authors proposed that chronic
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sleep disturbance altered behavioural and lifestyle changes causing dysbiosis of the gut
microbiota (146). The authors further suggest this in turn had a synergistic pathological effect
with sleep disturbance, contributing to AD pathogenesis (146). It is difficult to know the
strength of this review within a scoping review context. However, this sub-theme may have
interesting implications for AD and sleep disturbance. Recent research suggests gut
microbiota dysbiosis contributes to systemic inflammation and vascular dysfunction (214),
both of which have been associated with increased AD biomarkers and pathogenesis (61,215).

Therefore, this may represent a potential research avenue for AD prevention.

The results show broad agreement within the included literature that sleep disturbances can
contribute to the pathogenesis of AD. Multiple physiological pathways and/or aspects of sleep
were identified by the included literature as having bi-directional relationships with
AD/preclinical AD. Identification of these links between sleep and AD may warrant further
research into each mechanism to ascertain whether they may serve as therapeutic targets to

prevent, slow and/or ameliorate AD.

Sleep Disturbance as a Biomarker of Alzheimer’s Disease

The results of this scoping review indicate that most of the included studies agree that certain
sleep disturbances have diagnostic validity in AD and/or preclinical AD. 45.6% of the studies
discussing the diagnostic value of sleep disturbances in AD/preclinical AD recommend their
use as biomarkers in explicit terms (7,18,39,44,49,50,55,57,59,60,62,69,74,75,78,82,83,87,
90,93,95,97,99,139,142,153,156,157,159,160,162,163,170,171,175). The phase of sleep
most frequently reported to have as a biomarker for AD/preclinical AD was the third phase of
NREM sleep, SWA (6,36,37,47,52,53,84,124,148,166,173). Two longitudinal studies examined
the utility of sleep disturbances as biomarkers for AD (148,157). One of these studies reported
that the rate of AR build-up was able to be predicted based on the severity with which SWA
was diminished (148). Both studies highlighted that this finding had the potential to forecast
future brain atrophy and the initial development of cognitive impairments as far as the actual
onset of clinical AD (148,157). Carnicelli et al. (157) added that AR burden resulting from sleep
disturbance may in turn negatively affect NREM sleep and further contribute to cognitive

decline. These longitudinal studies may be of importance to the hypothesis of sleep
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disturbances having utility as AD biomarkers, as this methodology is well-suited to evaluating
risk factors and disease development (216). However, few studies of this nature were
identified by the chosen search parameters. This may be due to the fact that the majority of
the studies recommending sleep as a biomarker for AD were published in the latter half of
the 20-year inclusion period. Therefore, it is possible that clinical studies may be underway
pursuing this hypothesis yet are incomplete as the hypothesis of sleep as a biomarker for AD
is relatively nascent. However, there is widespread agreement between the included studies
of the promise of sleep disturbances as biomarkers of AD. Research suggests that diagnostic
information resulting from sleep disturbances may be able to predict AD up to 20 years prior
to the onset of classical symptoms such as cognitive decline (10). There is evidence to suggest
that such early detection coincides with a phase within the AD spectrum that is amenable to
intervention, or even prevention of the onset of true AD (11,12,62). Sperling et al. (217)
estimated that interventions delaying the onset of cognitive decline even by five years may
reduce overall AD patient numbers by up to 57%. Therefore, the potential ability for sleep
disturbances to predict AD decades in advance of the current diagnosis may have an
exponential impact on the global burden of AD and further highlights the importance early

identification of AD risk.

Sleep as a Therapeutic Target for Alzheimer’s Disease

42.4% (n=87) of the studies included within this scoping review suggested sleep to be
addressed as a potential therapeutic target in order to reduce risk of and/or ameliorate
preclinical AD symptoms (5,6,8,16,18,21,25,27-29,34-37,39,42-52,55-57,59,61-66,68,69,
71,76-80,84-86,88,90,91,93-95,98-100,106-108,116,124,125,131,132,136-138,152-154,

159,161-166,174,177-185). However, this hypothesis appeared to be experimentally tested
by only 10 studies (18,21,28,29,125,163,174,177,178,180), and analysed by one systematic
review (16). The remaining studies in theme three appear to have suggested sleep as a
potential therapeutic target based on their respective results. All 10 of the studies that tested
sleep’s validity as a therapeutic target in AD/preclinical AD prevention or amelioration agreed
that it was a promising target for future interventional research (18,21,28,29,125,163,174,
177,178,180). Given the amount of research suggesting this in combination with the results

of the aforementioned 10 studies who tested the hypothesis, this may be an indication for
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further research. More studies of experimental designs testing this hypothesis are necessary
to ascertain the total potential sleep may have as a therapeutic target to prevent and/or

ameliorate AD progression.

Slow Wave Amplitude Sleep

The studies of this sub-theme all share similar suggestions regarding the potential impact
SWA sleep interventions may have on either prevention of AD pathogenesis, or reduction of
symptoms in preclinical or fully diagnosed AD. The findings from these studies are interesting,
as disturbance of SWA sleep was the mechanism implicated by many of the studies from
theme one by which AD pathogenesis is initiated. It therefore appears logical that
enhancement of SWA sleep prior to AD related changes in the brain may have a limiting effect
on AD pathogenesis. If such an approach was successful, it could be inferred that it would
have the potential to reduce the global burden of AD significantly. However, Mander et al. (6)
caution against enhancement of SWA sleep to the point where it may interfere with normal
sleep spindle activity, as these processes are involved in memory processing and
consolidation. Regardless, some researchers argue there is a need for more experimental
testing of this hypothesis to fully ascertain the potential benefit of SWA improvement
(6,18,39,55,84,86). This may be potential avenue for future research in order to address the
global burden of AD.

Continuous Positive Airway Pressure

The studies included within this sub-theme appear to agree on the potential for CPAP
treatment to either ameliorate, prevent, and/or reduce symptoms associated with AD. Four
studies in this sub-theme reported results indicating CPAP treatment had the potential to
stabilise altered AD associated biomarker levels (21,28,66,131). A further four studies
discussed how CPAP treatment of OSA may slow cognitive decline and reduce AD risk
(29,125,132,180). This seems to align with suggestions that the best window for AD
intervention is prior to the onset of clinical symptoms. Further to this, one study suggested
CPAP treatment of OSA had the potential to improve known and diagnosed AD symptoms
(100). One study reported improved SWA sleep in subjects with MCI (162), and another
reported improvement in both SWA and REM sleep (45). These are interesting findings, as

disruption of SWA sleep was the phase of sleep predominantly associated with AD
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pathogenesis by the included studies of this scoping review. This may strengthen the results
of the aforementioned study. One study found no changes in AR levels following treatment
of OSA from CPAP (107). However, the authors did not specify the duration of CPAP treatment
the participants received, which some argue to be a salient factor in the efficacy of CPAP
treatment of OSA (16). The authors did, however, suggest severe OSA may predispose
younger people to AR burden, in the absence of metabolic or structural brain alterations
(107). This is an interesting finding, as it may indicate earlier than usual signs of AD

pathogenesis prior to potentially irreversible structural changes.

Trans-Cranial Magnetic Stimulation

The authors of this study proposed that TMS had the potential to stimulate and enhance
quality of sleep as well as improve clearance of proteins in AD patients and healthy elderly
individuals (50). Considering this is only represented by one study within this scoping review,
it would be useful to investigate this approach more within the scientific literature to
ascertain the scope of evidence surrounding TMS and AD. It is possible that such an approach

may hold utility as a preventative treatment of sleep disturbances and/or AD.

The Orexin/Hypocretin system

Two studies suggested that by improving the sleep/wake cycle via targeting the
orexin/hypocretin system, there would likely be an ameliorating effect on AR and Tau levels,
thereby potentially slowing AD pathogenesis (108,116). One review cited research stating
orexin receptor antagonist drugs have been shown to lower levels of AR in mice. All studies
in this sub-theme discussed the orexin/hypocretin system a possible means to improve sleep

quality, in order to prevent or ameliorate AD progression.

Preclinical Alzheimer’s Disease Definition

Although two main definitions have been identified within the existing literature, challenges
appear to remain surrounding their successful implementation into the scientific consensus.
The IWG definition of preclinical described only individuals without cognitive symptoms who

harbour AD positive biomarkers (10). In the NIA-AA format, preclinical AD was divided into
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three stages of 1) asymptomatic with AR pathology, 2) asymptomatic with AR and Tau
pathology, and 3) subtle cognitive changes with biomarker pathology (190,194,198-201,204).

Difference Between Current Definitions and the Necessity of Definition Consensus

The initial IWG definition described preclinical AD as the phase which precedes observable
clinical signs of AD (10), while the NIA-AA definition included a clinically observable state of
cognitive decline within its preclinical continuum (190,194,198-201,204). This appears to be
the most prominent distinction between the two definitions. One study argued that a
clinically observable state of cognitive decline is incongruent with the term ‘preclinical’ and
crosses into ‘clinical’ territory (204). Furthermore, Sperling et al. (218) proposed that
individuals within stage 2 of the NIA-AA preclinical continuum may already be resistant to
current anti-amyloid therapies, and suggested the most ideal window for intervention may
be prior to this stage. Therefore, it may be that if preclinical AD is not defined within a time
frame that is amenable to treatment or intervention, the advantage of early diagnostic
information could be undermined. Current pharmacotherapies for diagnosed AD, as opposed
to preclinical, offer limited symptomatic relief, without curing or halting the disease (219).
This highlights the need for as early identification as possible in order to maximise the
potential of reversing or slowing AD pathophysiology. To ascertain whether sleep can be used
as a biomarker and/or treatment for preclinical AD, a standardised definition seems necessary
as a target on which to base future research outcome measures exploring preventative

measures of AD.

Ethical Implications of Current Definitions of Preclinical Alzheimer’s Disease

Three studies discussed the ethical implications of diagnosing people with preclinical AD
(10,196,200). These studies questioned the ethical implications of diagnosing individuals with
preclinical AD based on biomarker status, when they may not clinically develop the disease in
their lifetime (10,196,200). Chételat et al. (200) argued that instead of a diagnosis, such
information would be better labelled as ‘risk information’. Berti et al. (196) agreed that
biomarker abnormalities associated with AD place cognitively normal people at increased risk
of developing AD. However, they cite a lack of accurate prognostic tools available to

determine the likelihood of such individuals actually developing AD (196). Moreover, the
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likelihood of an individual developing AD is influenced by individual factors such as cognitive
reserve (196). Such variation in how an individual responds in pathophysiological terms may
dilute the diagnostic value of current definitions of preclinical AD in diagnostic terms. Dubois
et al. (10) further mention a lack of consensus as to whether AD should be defined by the
classical symptoms of cognitive decline, or the appearance of AD related biomarkers despite
a lack of clinical symptoms. This raises an important question regarding how strong the
predictive ability of AD biomarkers is in identifying those who will develop the disease. Of
note, is that one study found that individuals with preclinical AD did not necessarily follow a
temporal pattern the same as that proposed by the AR cascade hypothesis (192). Another
study questioned whether the presence of biomarkers such as AR was due to normal ageing,
or actually indicative of AD pathology (201). The authors based this on another study they
cited, which stated abnormal AD biomarkers were present in approximately 50% of
individuals over 65 year of age (220). Chételat et al. (200) further questioned the ethics of
delivering an AD related diagnosis to people who may not develop AD. The authors suggested
such information may be better labelled ‘risk information’ (200). This may potentially raise
issues for the IWG definition, and possibly the first two phases of the NIA-AA definition
preclinical criteria. Furthermore, a longitudinal study by Vos et al. (193) described
heterogenous causes of neuronal injury biomarkers such as Tau proteins. This may potentially
affect the sensitivity and specificity of preclinical AD as a diagnosis. A separate study discussed
the concept of risk factors v biomarkers (196). The authors suggested risk factors for AD may
be useful in determining the likelihood of an individual developing AD, while biomarkers could
highlight where an individual sits on the AD spectrum (196). This is interesting within the
context of preclinical AD, as the authors further suggest biomarkers to be fluid in nature (196).
Given the inherent variability within individuals within the preclinical phase, there may be
utility in labelling biomarker presence within the stage researchers believe to be ‘reversible’
as risk information, and possibly employing a formal diagnosis approach to individuals

situated further along the AD spectrum.

The Relationship Between the Observed Themes
Between the four primary themes from the results, overlap occurred. Theme one
“mechanistic links between sleep and Alzheimer’s Disease” shared the most overlap with the

remaining three primary themes. This may be a result of mechanistic information being an
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underpinning theme of studies from themes two and three. The association particularly
between themes two and three may indicate the suggestion of sleep as a therapeutic target
to have arisen organically from results generated by some studies focusing on sleep as a
biomarker, rather than a therapeutic target specifically. It appears that the majority of studies
exhibiting overlap between themes two and three suggested, but did not test, sleep as a
therapeutic target of AD. Four studies from theme three did not show overlap between
themes (180,181,184,185). This may be a further indicator of the low number of the included
studies that set out to test the hypothesis of sleep as a therapeutic target of AD/preclinical
AD. This may indicate research studying sleep improvement as therapy for AD
prevention/amelioration to be in its infancy and be indicative of a potential future target for
researchers. Theme four “preclinical AD definition” exhibited the least overlap between
themes. This may be due to the specificity of keywords used in the literature search of this
scoping review. As the aim of the search pertaining to preclinical AD was to ascertain whether
a specific definition or characterisation for preclinical AD existed, it was not imperative that
the included papers contained reference to sleep. Therefore, the parameters for inclusion of
studies potentially addressing this aim required only that they contained or made reference

to a definition of preclinical AD.

Limitations

Scoping reviews incur inherent limitations. One of note is that scoping reviews do not critically
appraise the evidence presented in the selected studies or the methodologies of the studies
themselves (13). This can affect the ability for the research to effectively translate research
findings into applicable concepts and policies for clinical practice (221). Therefore, it was
difficult to ascertain the quality of key studies included in this review. Furthermore, as quality
appraisal of studies is not a prerequisite for scoping reviews, a wider range of methodologies
may be included into the research paper selection, which can create difficulty with cohesive
synthesisation of results from different types of studies (13). The inclusion period of articles
between 2001 and 2021 may have limited the available research on sleep disturbances as
biomarkers of AD, however prior to 2001 there appeared to be a paucity of research in this
area. Another potential limitation was the exclusion of articles published in languages other
than English. This may have caused articles with important information on the topic to be

excluded from this scoping review.
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A significant limitation of this scoping review was the high proportion of reviews within the
included literature. Over half of the studies included were in the form of reviews. Lunny et al.
(222) note that overlap may occur when reviews on a given topic include one or more of the
same primary articles. If the included reviews comprised different primary articles without
significant overlap, the number of reviews might not have significantly affected the results of
this scoping review. However, many of the primary experimental studies included were
represented within multiple review articles in this scoping review, resulting in excessive
representation. Lunny et al. (222) further suggest that such overlap within the results may
disproportionately strengthen the findings of individual studies, potentially impacting the
narrative of the scoping review. To mitigate this, choosing one high-quality review for
inclusion and synthesising it to inform the scoping review results could have been a potential
strategy (222). Furthermore, given the high number of review articles identified by the search
strategy, an alternative methodology might have been considered to address the research

question.

Conclusion

Multiple physiological mechanisms connecting sleep disturbances and AD were discussed
within the included studies, without significant disagreement as to how each pathway may
affect brain homeostasis and contribute to pathological decline associated with AD. The
potential role of sleep as a potential biomarker for AD/preclinical AD was also widely
considered by the included studies. This may present an opportunity for future research in
order to identify the pathogenesis of AD within a potentially reversible phase of its
progression. It is possible that such an advancement in the diagnosis and treatment of AD
could significantly reduce the global burden of the disease. The results of this scoping review
further indicate certain sleep phases may be able to serve as therapeutic targets for sleep
therapies in order to reduce AD risk or ameliorate disease progression. However, there
appears to be a lack of experimental research substantiating these claims, and further
research testing these hypotheses is required. Two definitions of preclinical AD were
identified within the results of this scoping review, yet a consensus appears to be lacking
regarding their utility within a clinical setting. If the research pertaining to sleep in both a

diagnostic and therapeutic context is to be further explored in order to potentially reduce the
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global burden of AD, a clinically relevant and consistent characterisation of the preclinical
phase seems essential. The ethical implications of such a definition becoming a diagnosis for

individuals is also an important consideration.

Recommendations for Future Research

This scoping review identified certain gaps within the included literature. The foremost
perhaps was a lack of longitudinal experimental study designs, testing the hypotheses of the
utility of sleep as either a biomarker or therapeutic target for AD/preclinical AD. As these
hypotheses are relatively nascent, studies of these designs are likely underway. It is likely that
further experimental testing of such hypotheses may consolidate the available evidence and
contribute to an improved understanding of the relationship between sleep and AD.
Therefore, future researchers may consider conducting more experimental studies

addressing these hypotheses prior to undertaking a systematic review.
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SECTION

TITLE
Title
ABSTRACT
Structured
summary

INTRODUCTION
Rationale

Objectives

METHODS
Protocol and
registration

Eligibility criteria

Information
sources*

Search

Selection of
sources of
evidencet
Data charting
processt

Data items

Critical appraisal
of individual
sources of
evidence§

ITEM PRISMA-ScR CHECKLIST ITEM

11

12

Identify the report as a scoping review.

Provide a structured summary that includes (as
applicable): background, objectives, eligibility
criteria, sources of evidence, charting methods,
results, and conclusions that relate to the review
questions and objectives.

Describe the rationale for the review in the
context of what is already known. Explain why the
review questions/objectives lend themselves to a
scoping review approach.

Provide an explicit statement of the questions and
objectives being addressed with reference to their
key elements (e.g., population or participants,
concepts, and context) or other relevant key
elements used to conceptualise the review
questions and/or objectives.

Indicate whether a review protocol exists; state if
and where it can be accessed (e.g., a Web
address); and if available, provide registration
information, including the registration number.
Specify characteristics of the sources of evidence
used as eligibility criteria (e.g., years considered,
language, and publication status), and provide a
rationale.

Describe all information sources in the search
(e.g., databases with dates of coverage and
contact with authors to identify additional
sources), as well as the date the most recent
search was executed.

Present the full electronic search strategy for at
least 1 database, including any limits used, such
that it could be repeated.

State the process for selecting sources of
evidence (i.e., screening and eligibility) included
in the scoping review.

Describe the methods of charting data from the
included sources of evidence (e.g., calibrated
forms or forms that have been tested by the team
before their use, and whether data charting was
done independently or in duplicate) and any
processes for obtaining and confirming data from
investigators.

List and define all variables for which data were
sought and any assumptions and simplifications
made.

If done, provide a rationale for conducting a
critical appraisal of included sources of evidence;
describe the methods used and how this
information was used in any data synthesis (if
appropriate).

REPORTED
ON PAGE #

49

50

50

50

51-54

53

51

117

21

51

117

N/A
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Synthesis of 13  Describe the methods of handling and 53-54

results summarising the data that were charted.
RESULTS
Selection of 14  Give numbers of sources of evidence screened, 55
sources of assessed for eligibility, and included in the review,
evidence with reasons for exclusions at each stage, ideally
using a flow diagram.
Characteristics of 15  For each source of evidence, present Appendix A
sources of characteristics for which data were charted and
evidence provide the citations.
Critical appraisal 16  If done, present data on critical appraisal of N/A
within sources of included sources of evidence (see item 12).
evidence
Results of 17  For each included source of evidence, present Appendix A
individual sources the relevant data that were charted that relate to
of evidence the review questions and objectives.
Synthesis of 18  Summarise and/or present the charting results as 55-69
results they relate to the review questions and objectives.
DISCUSSION
Summary of 19  Summarise the main results (including an 69-78
evidence overview of concepts, themes, and types of

evidence available), link to the review questions
and objectives, and consider the relevance to key

groups.

Limitations 20  Discuss the limitations of the scoping review 77
process.

Conclusions 21 Provide a general interpretation of the results with 77-78

respect to the review questions and objectives, as
well as potential implications and/or next steps.
FUNDING
Funding 22  Describe sources of funding for the included 49
sources of evidence, as well as sources of
funding for the scoping review. Describe the role
of the funders of the scoping review.
JBI = Joanna Briggs Institute; PRISMA-ScR = Preferred Reporting ltems for Systematic reviews and
Meta-Analyses extension for Scoping Reviews.
* Where sources of evidence (see second footnote) are compiled from, such as bibliographic
databases, social media platforms, and Web sites.
T A more inclusive/heterogeneous term used to account for the different types of evidence or data
sources (e.g., quantitative and/or qualitative research, expert opinion, and policy documents) that may
be eligible in a scoping review as opposed to only studies. This is not to be confused with information
sources (see first footnote).
T The frameworks by Arksey and O’Malley®®® and Levac et al.?® and the JBI guidance?*®! refer to the
process of data extraction in a scoping review as data charting.
§ The process of systematically examining research evidence to assess its validity, results, and
relevance before using it to inform a decision. This term is used for items 12 and 19 instead of "risk of
bias" (which is more applicable to systematic reviews of interventions) to include and acknowledge
the various sources of evidence that may be used in a scoping review (e.g., quantitative and/or

qualitative research, expert opinion, and policy document).
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Appendix C: Cooper’s Checklist for Scoping Reviews (95).

Key Criteria

1. Study aim,
purpose,
and research
question

2. Relevant
studies

3. Study
selection

4. Charting the
data

5. Collating,
summarising,
and

reporting the
results

6. Optional
stage:
consultation

Additional
Guidance

Checklist Items

1.The rationale/purpose for the scoping review was
stated.
2. Appropriate scoping review methodology was used.
3. At least two reviewers conducted the review.
4. The research question/s was/were used to guide the
scope of inquiry
(Participants, concept, and context included?).
5. An in-depth literature search was conducted to
identify all relevant literature.”
6. A comprehensive list of relevant studies that balances
breadth with feasibility was identified.
7. The inclusion and exclusion criteria were clearly
described and were used to determine eligibility of
studies.
8. The study selection involved an iterative process,
including searching the literature, refining the search
strategy, and reviewing articles for inclusion.
9. At least two reviewers independently reviewed the title
and abstracts and reached consensus on studies for
inclusion.
10. The study selection process was summarised in a
flow chart.
11. The research team collectively developed a data
charting format and determined which variables to
extract to answer the research question.
12. The data were charted through sifting and sorting;
tables include study details based on full-texts.
13. A numerical analysis of the extent and nature of
included studies was reported.
14. The quality of papers was assessed.©
15. Results were presented in a logical descriptive or
diagrammatic or tabular format.
16. A narrative account of results was presented.
17. The results were aligned with the review aim,
purpose/research question/s.
18. Issues associated with bias were discussed.
19. Implications for future research, education, practice,
and/or policy were discussed.
20. The conclusion described the current state of the
overall literature in relation to the topic.

Total
Stakeholder/participant voices were included in the
review when appropriate.
If included:
21. The process of stakeholder consultation was clearly
described.
22. Findings were re-examined in the light of stakeholder
input, to justify final conclusions.

Total
Additional guidance:
a. Item 4: Scoping reviews have a broad scope with
even broader inclusion criteria, so participants may be
selected from a wide group.
The concept (area of interest/condition being explored,
etc.) will also have a wide remit and the context may be

Score one point for

each item
1

1
1
1
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left open, for example, any health care setting in any
region.

b. ltem 5: This should include searches of an adequate
number of different sources (databases/electronic
sources, research registers; reference lists/hand
searches, etc.).

c. Item 14: Paper quality should also include a check to
ensure that reports have not been retracted.
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Appendix D: Methodological Tracking Document

Syntax 1: ((sleep disturbance) AND (amyloid beta) AND (Alzheimer’s disease))
30/09/2021:

Ebsco: 112

PubMed: 185

ScienceDirect

Refinement:

Syntax changed to “sleep disturbance” AND “amyloid beta” AND “Alzheimer’s disease”
Research articles, review articles, mini reviews, short communications, and ‘other’ included
into uploaded results

Purpose:

To reduce the number of non-specific results in ScienceDirect

Outcome:

Number of non-specific results satisfactorily reduced

Results: 411

(Year range of 2001-2021 applied to all databases)

All uploaded to New ALL FILES ALL SYNTAXES FOLDER

Syntax 2: ((Preclinical Alzheimer's disease) AND (definition))
30/09/2021:

Ebsco: 35

PubMed: 150

ScienceDirect

Refinement:

Syntax changed to "preclinical Alzheimer's disease" AND "definition"
Research articles, review articles, mini reviews, short communications, and ‘other’ included
into uploaded results

Purpose:

To reduce the number of non-specific results in ScienceDirect
Outcome:

Number of non-specific results satisfactorily reduced

Results: 174

(Year range of 2001-2021 applied to all databases)

All uploaded to New ALL FILES ALL SYNTAXES FOLDER

Syntax 3: ((sleep disturbance) AND (Alzheimer's disease)) AND (Biomarker)
30/09/2021:

Ebsco: 84

PubMed: 102

ScienceDirect
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Refinement:

Syntax changed to “Sleep disturbance” AND “Alzheimer’s disease” AND “biomarker”
Research articles, review articles, mini reviews, short communications, and ‘other’ included
into uploaded results

Purpose:

To reduce the number of non-specific results in ScienceDirect

Outcome:

Number of non-specific results satisfactorily reduced

Results: 779

(Year range of 2001-2021 applied to all databases)

All uploaded to New ALL FILES ALL SYNTAXES FOLDER

Syntax 3 VERSION 2: ((sleep disruption) AND (Alzheimer's disease)) AND (biomarker)
(1/10/2021)

PubMed: 33

Ebsco: 42

ScienceDirect

Refinement:

Syntax changed to “Sleep disruption” AND “Alzheimer’s disease” AND “biomarker”
Research articles, review articles, mini reviews, short communications, and ‘other’ included
into uploaded results

Purpose:

To reduce the number of non-specific results in ScienceDirect

Outcome:

Number of non-specific results satisfactorily reduced

Results: 181

(Year range of 2001-2021 applied to all databases)

All uploaded to New ALL FILES ALL SYNTAXES FOLDER

Syntax 4: (sleep disturbance) AND (preclinical Alzheimer's disease)
(30/09/2021)

PubMed: 45

Ebsco: 21

ScienceDirect

Refinement:

Syntax changed to “sleep disturbance” AND “preclinical Alzheimer’s disease”
Research articles, review articles, mini reviews, short communications, and ‘other’ included
into uploaded results

Purpose:

To reduce the number of non-specific results in ScienceDirect

Outcome:

Number of non-specific results satisfactorily reduced
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Results: 32
(Year range of 2001-2021 applied to all databases)
All uploaded to New ALL FILES ALL SYNTAXES FOLDER

Syntax 4: (VERSION 2) (sleep disruption) AND (preclinical Alzheimer's disease)
(30/10/2021)

PubMed: 22

Ebsco: 2

ScienceDirect

Refinement:

Syntax changed to “sleep disruption” AND “preclinical Alzheimer’s disease”
Research articles, review articles, mini reviews, short communications, and ‘other’ included
into uploaded results

Purpose:

To reduce the number of non-specific results in ScienceDirect

Outcome:

Number of non-specific results satisfactorily reduced

Results: 14

(Year range of 2001-2021 applied to all databases)

All uploaded to New ALL FILES ALL SYNTAXES FOLDER

Syntax 5: “sleep disruption” AND “Alzheimer’s disease”
(30/09/2021)

Ebsco: 325

PubMed: 311

ScienceDirect

Refinement:

Syntax changed to “sleep disruption” AND “Alzheimer’s disease”
Research articles, review articles, mini reviews, short communications, and ‘other’ included
into uploaded results

Purpose:

To reduce the number of non-specific results in ScienceDirect
Outcome:

Number of non-specific results satisfactorily reduced

Results: 614

(Year range of 2001-2021 applied to all databases)

Syntax 6: “Sleep patterns’ AND ‘preclinical Alzheimer’s disease” / (sleep patterns) AND
(preclinical Alzheimer's disease)

(01/10/2021)

Ebsco: 4

PubMed: 48
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ScienceDirect

Refinement:

Syntax changed to “sleep patterns” AND “preclinical Alzheimer’s disease”
Research articles, review articles, mini reviews, short communications, and ‘other’ included
into uploaded results

Purpose:

To reduce the number of non-specific results in ScienceDirect

Outcome:

Number of non-specific results satisfactorily reduced

Results: 9

(Year range of 2001-2021 applied to all databases)

Total of ALL SYNTAX results prior to duplicate removal:
(1/10/2021): 2821 (515 sets of duplicates found)

Total of ALL SYNTAX results after duplicate removal:
(1/10/2021): 1612

“Eyeball” screen criteria: 25/08/2021

Title must contain a combination of major keywords pertaining to the topic of research
(sleep/sleep disturbance AND Alzheimer’s disease, or other similar and related phrasing
referring to links between sleep and Alzheimer’s disease or the preclinical phase of

Alzheimer’s disease).

If this is not found in the title, the abstract should contain reference to parts of the article
which relate specifically to the research question and/or inclusion criteria of the research

project.

Purpose: To create an objective method of quickly screening out irrelevant studies
generated by the search syntaxes in a manner that can explain their omission from the
research as well as document the percentage removed by eyeball screen in order to test

specificity of syntaxes used.
Outcome: As above

Start number of studies prior to eyeball screen: 1612

Remaining after screen: 356
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2/11/2021:

Action: Added word ‘development’ to end of objective 1 in proposal

Purpose: To clarify intention of research to review studies describing potential utility of
sleep to be used as a diagnostic biomarker of Alzheimer’s disease, rather than reviewing the
sleep disturbances arising as a RESULT OF Alzheimer’s.

Outcome: Intention of research clarified and aims, and objectives met by highlighting

difference between the two types of sleep disturbances

2/11/2021:

Action: Added 5th exclusion criteria to research

Purpose: To solidify the above point and justify exclusion of articles relating to AD’s effect
on sleep which does not meet the aims & objectives of this research.

Outcome: Justification of exclusion of articles on known and diagnosed AD and AD’s effect

on sleep which do not meet aims & objectives of intended research.

14 & 16/11/2021: Piloting of studies

Piloting of selected studies performed by primary and associate supervisors SS and SA.
A total of 35 studies were selected, out of which 7 required discussion, upon which

consensus was achieved with %100 of the piloted studies.

4/12/2021:

Action: New sheet in study selection folder (a copy of which is uploaded in methods section
of google drive) titled INC STUDIES was formed.

Purpose: To document only studies that will be included in scoping review, not those that
may be used in the initial literature review, those will be found in Studies passed eyeball
sheet in same excel folder.

Also, to delineate between studies removed due to lack of suitability to research aims,
objectives and inclusion criteria

Also, to identify number of studies ruled out by exclusion.

Outcome: Successful delineation between studies to be included in scoping review and

those unsuitable for inclusion into scoping review.
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Saturation points re-search of all syntaxes all databases

7/12/2021

Action: A search with all original syntaxes and databases was performed

Purpose: To ascertain if any new and relevant research was published between 30/10/2021
and 7/12/2021. If such is the case, the relevant research identified by the syntax searches
will be screened in the same manner as prior studies identified by those same syntaxes
Outcome: *All refinements for ScienceDirect database were maintained as in original
searches.

33 Studies identified and imported to Mendeley to assess for further inclusion/exclusion

factors.

Syntax 1: ((sleep disturbance) AND (amyloid beta)) AND (Alzheimer’s disease)

PubMed: 4
Ebsco: 3
ScienceDirect: 3

Syntax 2: ((Preclinical Alzheimer's disease) AND (definition))

PubMed: 3
Ebsco: 0
ScienceDirect: 0

Syntax 3: ((sleep disturbance) AND (Alzheimer's disease)) AND (Biomarker)

PubMed: 3
Ebsco: 4
ScienceDirect: 6

Syntax 3 VERSION 2: ((sleep disruption) AND (Alzheimer's disease)) AND (biomarker)
PubMed: 0

Ebsco: 0

ScienceDirect:

Syntax 4: (sleep disturbance) AND (preclinical Alzheimer's disease)

PubMed: 0

Ebsco: 0
ScienceDirect: 0
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Syntax 4: (VERSION 2) (sleep disruption) AND (preclinical Alzheimer's disease)
PubMed: 0

Ebsco: 0

ScienceDirect: 0

Syntax 5: “sleep disruption” AND “Alzheimer’s disease”
PubMed: 4

Ebsco: 3

ScienceDirect: 3

Syntax 6: (sleep patterns) AND (preclinical Alzheimer's disease)
PubMed: 0

Ebsco: 0

ScienceDirect: 0

Saturation point article inclusion/exclusion

28/2/22

Action: 33 articles found using original search syntaxes performed on 7th December 2021,
screened as follows:

28 removed by eyeball screen

2 were removed after further reading, as they did not meet research aims & objectives.
3 out of the saturation point search were included into the scoping review.

Final number of articles:

After all syntaxes were searched, including the saturation search performed on 7th Dec
2021, and all articles were eyeball screened and sieved through inclusion/exclusion criteria,
the final number of articles to be included within this scoping review is 199.

14/2/22: Inclusion criteria adjustment.

Action:

Discussion with supervisors resulted in decision to limit research to 10 years only, due to
feasibility constraints of a 90-credit thesis.

Purpose: Reduce number of articles included in research

Outcome: 11 articles removed from publication dates from 2001-2010. 2011 & onwards
included.

22/2/22: Inclusion criteria adjustment reversal.
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Action: Reverse above decision to remove 10 years of research

Purpose: To reinstate articles removed back into research piece to broaden research time
frame, as 11 articles will not significantly impact feasibility of 90 credit thesis.

Outcome: articles removed 14/2/22 have been re-included in research and will form part of
scoping review

18/03/2022: Emailed Dipti Vora to request access to articles where full text was not
available.

Action: Request article access

Purpose: to gain full access to articles identified by search

Outcome: Articles successfully accessed and screened through inclusion/exclusion criteria
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Appendix E: Ethics Exemption Letter

Tuesday 18th May 2021

To whom it may concern,

Re: Lucas Baxter

This is a letter to advise that Lucas Baxter's thesis does not require approval from the
Unitec Research Ethics Committee.

Should you have any questions regarding this matter, please email ethics@unitec.ac.nz

Nga mihi,

Asher Lewis

UREC Secretary, Tuapapa Rangahau; Partnering Research and
Enterprise Unitec Institute of Technology

139 Carrington Rd

Mt Albert

Auckland 1142

Email: alewis@unitec.ac.nz

study@unitec.ac.nz | Postal address Mt Albert campus Newmarket campus Northern campus Waitakere cam

Tel +64 98494180 Private Bag 82025 139 CarringtonRd | 277 Broadway 10 Rothwell Ave 5-7 Ratanui St
Fax+6498152901 Victoria St West | t T North Harbour Henderson

Auckland 1142 nd 1025 Auckland 0632 Auckland 0612
www.unitec.ac.nz Zealand w Zealand ew Zealand New Zealand New Zealand
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Appendix F: Preliminary Search Strategy

Date Search Syntax Number of
engine results
14/06/2021 | PubMed “Alzheimer’s disease” AND “sleep disturbance” | 1202
Ebsco 1164
Scopus 7788
14/06/2021 | PubMed “Alzheimer’s disease” AND “sleep disruption” 322
Ebsco 310
Scopus 1750
14/06/2021 | PubMed “Alzheimer’s disease” OR “preclinical 218277
Ebsco Alzheimer’s disease” AND “sleep disturbance” 838417
Scopus OR define 25620
15/06/2021 | PubMed “Sleep disturbance” AND “preclinical 6
Ebsco Alzheimer’s disease” 9
Scopus 2323
16/06/2021 | PubMed “Sleep disturbance” AND “Amyloid beta 2885
Ebsco pathology” OR “Tau pathology” 7478
Scopus 385
16/06/2021 | PubMed “Preclinical Alzheimer’s disease” AND “Define” | 15
Ebsco 74
Scopus 607
16/06/2021 | Pubed “Sleep as a biomarker for AD” 248
Ebsco 54
Scopus 0
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