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Objective: The purpose of this study was to examine the current state of the
application of imaging in sleep research in degenerative disease, as well as hotspots
and trends.

Materials and methods: A search was conducted on the Web of Science Core
Collection (WoSCC) between 1 September 2012, and 31 August 2022 for literature
related to sleep imaging. This study analyzed 7,679 articles published in this field
over the past 10years, using CiteSpace to analyze tendencies, countries, institutions,
authors, and hotspots.

Results: There were 7,679 articles on the application of imaging to sleep research
published by 566 institutions located in 135 countries in 1,428 journals; the number of
articles was increasing on a yearly basis. According to keyword analysis, the research
direction of the application of imaging in sleep research focused on the effects of
degenerative diseases on sleep, such as Parkinson'’s disease, Alzheimer's disease, and
small vessel disease. A literature evaluation found that Parkinson’s disease, insomnia,
sleep quality, and rapid eye movement sleep behavior disorder were the top research
trends in this field.

Conclusion: A growing body of research has focused on sleep disorders caused
by degenerative diseases. In the application of imaging to sleep research, magnetic
resonance functional brain imaging represents a reliable research method. In the
future, more aging-related diseases may be the subject of sleep-related research,
and imaging could provide convenient and reliable evidence in this respect.

KEYWORDS

sleep, imaging, bibliometrics, CiteSpace, degenerative disease

1. Introduction

Humans sleep most of their lives, but the functional role of sleep remains mysterious. The
importance of sleep for the maintenance of many physiological functions, including cognitive
function, has become increasingly apparent over the last few decades (Malkani and Zee, 2022).
Current studies illustrate that sleep disorders constitute a health burden for all societies (Spaggiari
etal, 2022; Xu et al,, 2022); many diseases are associated with sleep disorders, including high blood
pressure, mental illness, neurodegenerative diseases, and cardiovascular disease, and sleep disorders
affect 40-50% of the world’s population (Bin Heyat et al., 2021). Therefore, it is essential to study
sleep. Sleep cannot be attributed to any one specific organ, unlike other physiological functions; thus,
the study of the functional role of sleep is a systematic and complex task requiring different
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techniques to reveal its underlying mechanisms. With the development
of the disciplines of physiology and psychology, as well as increasing
understanding of the structure and function of the nervous system, sleep
research has become increasingly objective. Electroencephalography
(EEG) became the central monitoring tool in sleep research in the 1930s,
to observe the sleeping brain with high temporal resolution (Schulz,
2022). With the rapid development of brain imaging technology,
functional imaging has made it possible to image brain activity during
sleep at a high spatial resolution (Ferini-Strambi et al., 2019). Compared
with functional magnetic resonance imaging, magnetoencephalography
is not affected by age-related changes in vascular factors and allows
simpler and more powerful methods to correct head motion artifacts
(Tibon and Tsvetanov, 2021). Polysomnography is a procedure for
evaluating the root causes of sleep disorders using electroencephalogram,
electro-oculogram, electrocardiogram, pulse oximeter, airflow, and
breathing efforts (Rundo and Downey 3rd, 2019). It is an authoritative
and objective tool for studying sleep. Currently, neuroimaging methods
play a crucial role in sleep research, both in basic research and clinical
fields (Bourgouin et al., 2019).

With the aggravation of the aging population, the problem of sleep to
human beings is becoming more and more serious. Sleep imaging
research develops over time, and it is vital to explore the hotspots and
trends of future applications. Summarizing the experience of prior
researchers is helpful to promote more in-depth and valuable research in
the future. Bibliometrics is a visual analysis tool that permits quantitative
analysis of the literature using mathematical and statistical methods
(Glanzel, 2015). It identifies influential and valid areas of scientific
research, knowledge bases, and emerging topics (Hou et al., 2018).

This study used CiteSpace (Hou et al., 2018; Chen and Song, 2019)
to analyze the literature related to sleep. Cataloged in the Web of Science
Core Collection (WoSCC) database, to explore the research status,
hotspots, and trends in the application of imaging to sleep in
degenerative disease and to provide new perspectives and paths for the
study of the application of imaging in sleep research in degenerative
disease using imaging.

2. Materials and methods
2.1. Data retrieval strategy

This was a retrospective cross-sectional study regarding imaging
of sleep disorders in degenerative disease. Data retrieval was based on
the Web of Science Core Collection (WoSCC) database. The WOSCC
is a standardized online database that is considered to be the most
suitable for bibliometric analysis (Schulz, 2022). To ensure the
accuracy of the data, the literature search was completed in 1 day (22
September 2022), with 1 September 2012, to 31 August 2022, selected
as the time frame for this study. Since the set time span did not
include the literature for the first 8 months of 2012 and the last
4months of 2022, the data for 2012 and 2022 are incomplete; the
analysis does not represent the whole of these 2 years. The primary
type of literature selected in this study was articles, and English was
the primary language. To identify any possible selection differences,
two researchers independently searched the raw data. Figure 1 shows
the detailed filtering process.

The search terms were as follows: (TS)=(imaging OR “magnetic
resonance imaging” OR MRI OR “functional magnetic resonance
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imaging” OR fMRI OR “diffusion tensor imaging” OR DTT OR “single-
photon emission computed tomography” OR SPECT OR “positron
emission tomography” OR PET OR “structural neuroimaging” OR
neuroimaging) AND TS = (“insomnia disorder” OR insomnia OR “REM
behavior sleep disorder” OR “excessive daytime sleepiness” OR sleep).

2.2. Data export and extraction

CiteSpace' was used to analyze collaborative networks (country/
region, institution, author, and journal), co-citations (author, journal,
and reference), and co-occurrence bursts of keywords. CiteSpace
(Chen and Song, 2019) 6.1.R2 parameters were set as follows: time
slice, August 2012 to September 2022, 1 year per slice; text processing,
title, abstract, author, keywords; node type, from country/region,
institution, author, keyword, co-cited journal, co-cited author, and
co-cited literature; link strength, cosine; link range, within slices;
selection criteria, g-index, k=25; pruning, pathfinding network
method and pruning slices, integrated network; using the pathfinding
network algorithm. Statistics were imported into Microsoft Office
Excel 2019” for graphing.

In CiteSpace, the “g-index” is used as a selection criterion. This
index is defined as the largest number whose sum of citations is at least
g-squared. If papers are listed in descending order of their citations,
highly cited articles are more accurately reflected by this index than by
the H-index (Abbas, 2012). In CiteSpace, k is a scale factor that is added
to the g-index calculation and adjusted to include or exclude more
nodes (Abbas, 2012). “Burst detection” and “betweenness centrality”
are features of the software that allow researchers to identify new
trends, research frontiers, and abrupt changes in a research area.
Betweenness centrality is a measure of the importance of nodes in a
network and is guided by tree hole theory (Assenov et al., 2008; Chen
etal, 2014). Additionally, literature co-citation refers to the relationship
that exists between two (or more) papers that are cited simultaneously
by one or more subsequent papers (Ding et al., 2021). In this study, the
algorithm was used to extract noun phrases (Chen and Song, 2019).
During the analysis, we assessed network structure and network
homogeneity based on modules (Q-value) and profiles (S-value).
Q-values greater than 0.3 indicate significant clustering structure, while
S-values greater than 0.7 indicate high clustering confidence (Sabe
et al,, 2022). By examining these parameters, we determined the state
of the research and trends in the field.

3. Results
3.1. Publication outputs and trends

Over the 10years from 31 August 2012 to 31 August 2022, there
were 7,679 publications relevant to imaging in sleep disorders, with a

mean of 76.79 publications per year. There was an increasing trend in
the number of publications per year from 2013 to 2021 (Figure 2).
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FIGURE 1
Flow chart of data preparation.
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FIGURE 2
Distribution of annual publications.
3.2. Countries and institutions countries/regions and institutions in the world. The United States

(2,993/37.56%) and China (1,064/13.35%) had the most publications,

A total of 566 institutions from 135 countries published literature ~ accounting for more than half of the total. Among the top 10
on imaging in sleep problems over the past decade. As measured by institutions with the most publications, seven were in the United States
the number of publications, Table 1 provides a list of the top 10  (Table 1). Among the top 10 countries/regions and institutions in
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TABLE 1 Top 10 countries/regions and institutions in terms of number of articles issued.

Ranking Documents (%)

Country/Region

Centrality

Institution
(country/region)

Documents (%)  Centrality

1 United States 2,993 (38.78%) 0.03 Harvard University (United States) 279 (3.63%) 0.19

2 China 1,064 (13.86%) 0.00 Birmingham Women’s Hospital 200 (2.60%) 0.16
(United Kingdom)

3 United Kingdom 782 (10.18%) 0.03 University of Pennsylvania (United 183 (2.38%) 0.01
States)

4 Germany 721 (9.39%) 0.03 University of California, Los 164 (2.14%) 0.00
Angeles (United States)

5 Canada 557 (7.25%) 0.12 Stanford University (United States) 159 (2.07%) 0.01

6 Ttaly 545 (7.10%) 0.00 Harvard University (United States) 153 (1.99%) 0.19

7 Australia 537 (6.99%) 0.00 University of Sydney (Australia) 153 (1.99%) 0.05

8 France 475 (6.19%) 0.03 McGill University (Canada) 141 (1.84%) 0.04

9 Japan 438 (5.70%) 0.00 University of Pittsburgh (United 140 (1.82%) 0.01
States)

10 Netherlands 350 (4.56%) 0.00 Johns Hopkins University (United 140 (1.82%) 0.01
States)

terms of volume, only Canada (0.12) and Harvard University (0.19)
showed high centrality, as shown in Figure 3. There was less
cooperation between countries, and regional cooperation between
institutions appeared vital (Countries are represented by country
co-authorship, and institutions are represented by institution
co-authorship.).

3.3. Visual analysis of authors and co-cited
authors

Seven hundred seventy-seven authors and 927 co-cited authors
contributed to the study of imaging in sleep disorders. Among them,
author Lee, ] and co-citation authors Buysse, DJ (677); Smith, SM (403);
Johns, MW (375); and Postuma, RB (289) had high centrality. Figure 4
shows communication and collaboration networks among the authors
and co-cited authors in this study field, with collaborative exchanges
increasing in recent years (Authors are represented by author
co-authorship; Table 2)

3.4. Journal analysis

There were 7,679 articles from 1,428 journals, among which Sleep
was the journal with the largest number of publications (n=265) and
the most cited journal. Table 3 shows the top 10 journals and co-cited
journals in the field of sleep-related imaging.

3.5. Keyword analysis

From the keyword co-occurrence map obtained by CiteSpace,
we extracted a total of 662 keywords. The top 20 keywords with the
highest frequency are shown in Table 4, indicating the hotspots of
imaging applications in the field of sleep. The diseases most frequently
studied were obstructive sleep apnea, Parkinson’s disease, and
Alzheimer’s disease. Clustering of keywords revealed a cluster Q value
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of 0.8342 (Q>0.3) and S value of 0.9352 (S>0.5), showing that the
clustering structure was significant and reasonable. Based on keyword
clustering analysis, 22 clusters were formed (Figure 5A), from which
we extracted the top 10 clusters in size for timeline analysis (Figure 5B).
Imaging studies of sleep predominately use magnetic resonance
imaging. The keyword has been popular since 2012, including functional
imaging, white matter visualization, and body imaging. Memory
consolidation is the function of greatest concern to researchers, and the
condition of greatest concern is Alzheimer’s disease. While interest in
sleep deprivation has waned in recent years, research on emotion has
received increasing attention. Among the keywords in the top 50
strongest citation burst (Figure 6), those representing the frontiers of
research were machine learning, people, rating scales, criteria, decline,
images, gray matter volume, case reports, perfusion, and small vessel
disease, with machine learning having the highest emergent intensity.

3.6. Co-cited reference analysis

The clustering structure was significant and the clustering content
was convincing. Seven thousand six hundred seventy-nine citing articles
were analyzed to identify homogeneous clusters of highly cited literature
on sleep-related imaging studies. Table 4 shows the top 10 most co-cited
references out of 225,108 co-cited references. “The sleep-deprived human
brain” (Krause et al., 2017) published by Adam J. Krause in the journal
Nature Reviews Neuroscience in 2017, was the most frequently cited
publication, with 80 citations. The co-cited literature was subjected to
cluster analysis, which generated a cluster Q value (module value) of
0.9051 (Q>0.3) and an S value (mean profile value) of 0.9597 (S>0.7),
signifying a significant cluster structure and convincing cluster content
(Figure 7; Table 5).

4. Discussion

In this study, WOSCC was searched for publications related to
imaging in sleep disorders in the past 10years. The search results were
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FIGURE 3

Mapping of issuing countries and institutions. (A) Shows the country/region from which publications issued, and (B) shows the issuing institution. Each
circle in the figure represents a country, with the circle’s size indicating that country’s publication output. The lines connecting the circles represent
international cooperation: the thicker the line, the closer the cooperation. The purple outer circle in the figure indicates centrality >0.10.

analyzed using CiteSpace software. The number of articles published in
the past 10years has increased on a yearly basis, and imaging has
received increasing attention in sleep research. The top international
publications have been from developed nations in Europe and the
United States, particularly the latter. European and American research
institutions, headed by Harvard University, have conducted more
in-depth research and made more significant contributions to this field
than other locations or institutions. Developing countries have not paid

Frontiers in Aging Neuroscience

sufficient attention to this field, lack influential institutions, and there is
room for their development. Cooperation among institutions shows
regionalization, with relatively less international multi-center
cooperation. International cooperation could be strengthened and more
meaningful research could be carried out in the future. China had the
second largest number of published articles, and Chinese persons
authored the most articles in this field, which may be because China has
a large population. The author analysis of CiteSpace is not based on the
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FIGURE 4
Author chart. (A) Shows the author graph, and (B) shows the co-cited author graph. The node size indicates the number of studies published or co-cited by
the author, and a larger node suggests that the author has published more papers or co-cited more times. The closer the collaboration between two
authors, the shorter the distance between the two nodes.

first author but on all participating authors. However, there is a
considerable problem for Chinese researchers: they have published
many articles, but have received few citations. That is, their research
results relatively lack international recognition. For Chinese scholars, it
is crucial to conduct more valuable, high-quality research. Increasing
international influence is essential. In the analysis of co-citations of
journals, Sleep had the largest number of articles and co-citations in this
field and is the most influential journal, which is of guiding significance
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for researchers when reading the literature and publishing results. As
can be seen from the keyword time chart, with the development of
imaging technology and computer technology, the research on sleep is
becoming more and more elaborate, and the computer post-processing
technology brings great changes to the research, so we can make a
quantitative analysis of imaging indicators. And the research extends
from organic pathological changes to psychological cognition, from
macro to micro.
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TABLE 2 Top 10 authors and co-cited authors.

10.3389/fnagi.2023.1078807

Ranking Documents Centrality Co-cited Citations Centrality
Authors
1 Wang Y 125 0.02 Buysse D] 677 0.14
2 Zhang Y 101 0.00 Iber C 405 0.00
3 LiY 93 0.04 Smith SM 403 0.19
4 Lee] 90 0.12 Johns MW 375 0.14
5 Kim § 83 0.06 Berry RB 352 0.00
6 Wang | 82 0.03 Beck AT 297 0.00
7 Liu Y 78 0.08 Steriade M 293 0.08
8 Kim J 78 0.01 Fox MD 292 0.08
9 Lee S 76 0.00 Postuma RB 289 0.17
10 Wang L 71 0.06 Buckner RL 288 0.00

TABLE 3 Top 10 journals in terms of number of articles and citations.

Journal Documents JCR Impact Cited Journal Citations Impact
Factor Factor
1 Sleep 265 Q1 6.316 Sleep 3,005 Q1 6.316
2 Scientific Reports 218 Q2 4.996 Plos One 2,995 Q2 3.752
3 Plos One 212 Q2 3.752 Neuroimage 2,634 Q1 7.400
4 Neuroimage 186 Q1 7.400 Proc Natl Acad Sci USA 2,504 Q1 12.779
5 Sleep Medicine 144 Q2 4.842 Journal of Neuroscience 2,471 Q1 6.709
6 Journal of Sleep 101 Q2 5.296 Neurology 2,057 Q1 11.800
Research
7 Frontiers in Neurology 98 Q2 4.086 Brain 2,002 Q1 15.255
8 Frontiers in 97 Q2 5.152 Science 1,896 Q1 63.714
Neuroscience
9 Journal of Neuroscience 89 Q1 6.709 Neuron 1,760 Q1 18.688
10 Cranio 86 Q4 1.670 Sleep Medicine 1,759 Q2 4.842
TABLE 4 Top 20 keywords in terms of frequency of appearance.
Rank Keywords Frequency Rank Keywords Frequency
1 Sleep 764 11 Disease 327
2 Obstructive sleep apnea 639 12 Alzheimer’s disease 325
3 Brain 522 13 Diagnosis 300
4 Functional connectivity 486 14 Performance 299
5 Children 420 15 Cortex 259
6 Risk 395 16 Network 257
7 Prevalence 384 17 Magnetic resonance imaging 256
8 Association 366 18 Sleep deprivation 253
9 Parkinson disease 343 19 Dementia 253
10 Disorder 340 20 Memory 248

According to keyword analysis, research has focused on the effects
of degenerative diseases on sleep, such as Parkinson’s disease (Postuma
et al., 2015; Krause et al., 2017; McKeith et al., 2017; Postuma et al.,
2019), Alzheimer’s disease (Mizrahi-Kliger et al., 2022; Sun et al.,
2022), and small vessel disease (Semyachkina-Glushkovskaya et al.,
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2020; Li et al., 2022). We speculate that this may be related to the aging
of the population and the fact that the elderly are more likely to
develop sleep disorders. It is reported that insomnia is a common sleep
disorder in the elderly, of which up to 50% report insomnia symptoms,
and according to the diagnostic guidelines used, up to 20% of patients
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meet the criteria for insomnia ( ). The incidence and
prevalence of sleep disorders continues to in older persons, especially
those with neurodegenerative diseases. A recent study clarified the
mechanisms of neurodegeneration exacerbated by poor sleep quality
). Small

vessel disease exists in both Parkinson’s and Alzheimer’s diseases

and circadian rhythm disorders (

( ); this refers to the dominant injury of
arterioles and capillaries, resulting in reduced or interrupted perfusion
of the affected organs, primarily affecting organs that receive most of
the cardiac output, such as the brain, kidney, and retina (

). Sleep disorders can adversely affect the regulation of gene
expression or protein production, resulting in pathological protein
changes. The accumulation of toxic proteins in Parkinsons and
Alzheimer’s diseases, such as alpha-synuclein, TDP-43, A, f, and tau,

10.3389/fnagi.2023.1078807

has been shown to disrupt the sleep-awakening cycle (

). Sleep disorders promote the development of neurodegenerative
symptoms ( ), increasing the risk of Parkinson’s and
Alzheimer’s disease and aggravating the symptoms of these diseases.
Such symptoms include muscle stiffness, tremor, motor dysfunction,
and cognitive impairment, among which researchers are most
concerned with the patient’s cognitive ability, especially memory
ability (
ability has been proved by several studies (

). This may be due to the effect of sleep on cognitive

). For the elderly, the decline of memory ability leads to a
serious decline in the quality of life, which is the most easily detected
symptom in life.

Symptom assessment is very important for diagnosing and treating
neurological diseases, not only in clinical practice but also in basic
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Keywords Year Strength Begin End 2012 - 2022

response 2012 15712012 2015 e
magnetic resonance spectroscopy 2012 7.932012 2014

positron emission tomography 2012 6.812012 2014 e
rat 2012 6712012 2016 pmmme
working memory 2012 6.682012 2015 e
insulin resistance 2012 6.382012 2015 pmm s
metabolic syndrome 2012 6.212012 2016 ppummt s
heart failure 2012 5.912012 2013 oo
men 2012 5872012 2014 g
functional mri 2012 11.462013 2015 s
visual cortex 2012 10.582013 2016 e
mice 2012 10.272013 2017 e
human 2012 8562013 2015
adipose tissue 2012 7.472013 2014 e
declarative memory 2012 7.472013 2014 o

neurodegenerative disease 2012 7.422013 2017 o
general anesthesia 2012 6.52013 2015 e
rem sleep 2012 5.872013 2014 o

obstructive sleep apnoea 2012 7.72014 2017 __ s
gene expression 2012 6.592014 2016 __ e
slow wave activity 2012 6.042014 2016 e
cerebral cortex 2012 6.022014 2015 _ e
blood flow 2012 6.022014 2015 pu
randomized controlled trial 2012 8.042015 2018 ___ s
women 2012 6412015 2016
brain stem 2012 5.82015 2016 e
trial 2012 7.572016 2017
obstructive sleep apnea syndrome 2012 7.182016 2019 ___ s
voxel based morphometry 2012 6.492017 2019 —
down syndrome 2012 5.842017 2018 e
individual difference 2012 5762017 2019 comme
gray matter 2012 6.892018 2022
dynamic functional connectivity 2012 6.522018 2019 e
slow oscillation 2012 6.162018 2022 conmmm
cortical thickness 2012 6.872019 2022 s
motor 2012 6.572019 2020
instrument 2012 6.422019 2022 ewwm
circuit 2012 6.022019 2022 wss=
amplitude 2012 5.97 2019 2022
fdg pet 2012 572019 2020 o
machine learning 2012 9.622020 2022
people 2012 8332020 2022 on
rating scale 2012 6.412020 2022 omw
criteria 2012 6.392020 2022
decline 2012 6152020 2022
image 2012 5.832020 2022 emm
gray matter volume 2012 5.832020 2022 —wm
case report 2012 5.772020 2022 omw
perfusion 2012 5732020 2022
small vessel disease 2012 5732020 2022

FIGURE 6
Keyword strongest citation bursts map.

research. It is usually necessary to observe the severity of neurological
diseases and use appropriate methods to evaluate the effectiveness of
specific treatments (Asakawa et al., 2019). There is a growing demand
for cognitive assessment tools in the field of sleep imaging; accordingly,
assessment scales and criteria have become popular keywords in the
previous 2years. Magnetic resonance functional brain imaging (De
Havas et al., 2012; Tagliazucchi and Laufs, 2014; Yan et al., 2016) and
the development of image processing software provide objective and
quantitative evaluation tools for application in sleep research. The
development of MRI techniques and data processing technologies that
have emerged in the previous decade have permitted accurate
assessment of brain structure, function, and metabolism for sleep
research, and imaging has provided new tools for the development of
this field. As the keyword with the strongest citation bursts after 2020,
machine learning is both a subfield of artificial intelligence and a
method for artificial intelligence research and development. It uses a
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combination of mathematical, statistical, probabilistic, and
information-theoretic methods to learn and tune performance on
specific tasks, using large, and real-world data sets. Artificial intelligence
is rapidly advancing in the field of imaging, with a wide range of
applications in the screening, staging, diagnosis, and treatment of sleep
disorders (Watson and Fernandez, 2021).

The most recent four clusters cited in the literature encompass
Parkinson’s disease, insomnia, sleep quality, and REM sleep behavior
disorder (Figure 5), namely these topics were cited the most. In the field of
sleep research, Parkinson’s disease is the condition of greatest concern
among diseases that cause sleep disorders. Conditions of most concern are
insomnia and REM sleep behavior disorder, a type of abnormal sleep
considered to be the precursor to a-synaptophysin disease, such as
Parkinsons disease; such disordered sleep affects more than 50% of patients
with Parkinson’s disease (Valli et al., 2022). In addition, insomnia is one of
the most common sleep disorders in Parkinson’s disease and is significantly
associated with poor quality of life (Diaconu and Falup-Pecurariu, 2022).

Recent studies have revealed that the neural mechanisms
responsible for these sleep disorders may be related to abnormalities
and interhemispheric interactions in brain regions associated with
excessive arousal and sensorimotor and cognition. Imaging in such
cases is characterized by topological organization disorder of
functionally connected brain groups, which may lead to decreased
cognitive, emotional, and memory function (Fasiello et al., 2022).
Further, sleep disorders are associated with various changes in
magnetic resonance functional brain imaging, such as gray matter
volume (Paulekiene et al., 2022), cortical thickness (Babu Henry
Samuel et al., 2022), and white matter function (Bai et al., 2022; Yang
etal., 2022). These indexes reflect changes in brain structure, function,
and metabolism, and provide a qualitative and quantitative basis for
the study of sleep disorders, and guidance for disease prediction and
future treatment target selection, thus may provide suggestions as to
how to relieve patients’ pain and provide early diagnosis and treatment
of related diseases.

The primary deficiency of this study is that the scope of literature
was limited to the WOS database, with the exclusion of PubMed,
Embase, and other databases. As the relationship between co-citations
is analyzed, only the citation database WoSCC can be selected, which
may limit the inclusion of literature. This may have permitted bias in the
results, but the WOS database, as the most cited database, cover most of
the high-quality sleep imaging literature. And CiteSpace software
evaluates countries, institutions, and authors based on all co authored
countries, co-authored institutions, and co-authors, hence it is unable to
differentiate between the first author and other authors.

Opverall, the analysis using CiteSpace software showed that the focus
of research attention is the impact of degenerative diseases on sleep.
With population aging, sleep disorders and diminished sleep quality
caused by degenerative diseases are receiving increasing attention. Sleep
efficiency, slow wave sleep volume, REM sleep, and REM sleep latency
all decrease with increasing age (Etholén et al., 2022). With the rapid
development of magnetic resonance software and hardware technology,
sleep imaging will likely continue to provide strong support for research
into sleep disorders caused by aging. The current research is becoming
increasingly detailed. This study shows a trend in imaging of sleep in
degenerative disease research from symptoms to changes in brain
structure and function in diseases that cause sleep disorders and changes
in sleep quality, with the primary goal of predicting the occurrence of
sleep disorders in degenerative disease patients.
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Co-citation clustering map of the literature.
TABLE 5 Top 10 literature in terms of total citations.
Rank Cited reference Journal Author citations Centrality Year
1 The sleep-deprived human brain Nat Rev. Neurosci Adam J. Krause 80 0.05 2017
2 Decoding wakefulness levels from typical fMRI resting-state data Neuron Enzo Tagliazucchi 69 0 2014
reveal reliable drifts between wakefulness and sleep
3 Diagnosis and management of dementia with Lewy bodies: Fourth | Neurology Tan G. McKeith 65 0.01 2017
consensus report of the DLB Consortium
4 Risk and predictors of dementia and Parkinsonism in idiopathic Brain Ronald B. Postuma 63 0.03 2019
REM sleep behavior disorder: a multicenter study
5 Sleep deprivation reduces default mode network connectivity and Neuroimage Jack A. De Havas 60 0.09 2012
anti-correlation during rest and task performance
6 DPABI: Data Processing and Analysis for (Resting-State) Brain Neuroinformatics Chao-Gan Yan 59 0 2016
Imaging
7 Sleep drives metabolite clearance from the adult brain Science Lulu Xie 57 0.02 2013
8 AASM Scoring Manual Updates for 2017 (Version 2.4) ] Clin Sleep Med Richard B. Berry 56 0.01 2017
9 The memory function of sleep Nat Rev. Neurosci Susanne 52 0.04 2010
Diekelmann
10 MDS clinical diagnostic criteria for Parkinson’s disease Movement Ronald B. Postuma 50 0 2015
Disorder
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