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Background: Alzheimer's disease (AD) is a neurodegenerative disorder marked
by cognitive decline and memory loss. Recent research underscores the crucial
role of astrocytes in AD. This study reviews research trends and contributions
on astrocytes in AD from 2000 to 2024, shedding light on the evolving research
landscape.

Methods: We conducted a bibliometric analysis using data from the Web of
Science Core Collection, covering publications from January 1, 2000, to
July 6, 2024, on "Alzheimer’s disease” and “astrocytes.” We identified 5,252
relevant English articles and reviews. For data visualization and analysis,
we used VOSviewer, CiteSpace, and the R package “bibliometrix,” examining
collaboration networks, co-citation networks, keyword co-occurrence, and
thematic evolution.

Results: Between 2000 and 2024, 5,252 publications were identified, including
4,125 original research articles and 1,127 review articles. Publications increased
significantly after 2016. The United States had the most contributions (1,468),
followed by China (836). Major institutions were the University of California
system (517) and Harvard University (402). The Journal of Alzheimer's Disease
published the most articles (215). Verkhratsky A was the top author with 51
papers and 1,585 co-citations.

Conclusion: Our extensive bibliometric analysis indicates a significant increase
in research on astrocytes in AD over the past 20 years. This study emphasizes
the growing acknowledgment of astrocytes’ crucial role in AD pathogenesis and
points to future research on their mechanisms and therapeutic potential.

KEYWORDS

Alzheimer's disease, astrocytes, bibliometrix, CiteSpace, VOSviewer

Introduction

AD is a progressive neurodegenerative disorder distinguished by cognitive decline,
memory impairment, and alterations in behavior. It is the leading cause of dementia, affecting
around 50 million people worldwide, and this number is expected to triple by 2050 due to an
aging population (Lord and Cruchaga, 2014; Xiong et al., 2023). The impact of the disease
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extends beyond the individuals diagnosed, imposing considerable
emotional and psychological burdens on patients and their families,
while also presenting significant economic challenge (Johri, 2021).
Despite extensive research, the precise etiology of AD remains elusive,
and existing therapeutic options are confined to symptomatic
treatments that do not arrest disease progression (Sengupta and
Kayed, 2022). This highlights the urgent necessity for the development
of novel therapeutic strategies aimed at targeting the fundamental
mechanisms of the disease.

Astrocytes have recently attracted significant attention for their
potential involvement in the pathogenesis of AD. These glial cells are
essential for maintaining neuronal health, regulating the integrity of the
blood-brain barrier, and modulating synaptic activity (Yang et al., 2022;
Patani et al., 2023). In AD, astrocytes become reactive, proliferate, and
increase inflammatory mediators, worsening neuronal damage and
aiding AP plaque formation (Baldzs and Kovacs, 2021). Research indicates
that astrocytes play a significant role in the clearance of amyloid-beta (Af)
and tau proteins, which are critical markers of AD pathology (Werner
etal,, 2015). Furthermore, astrocytic dysfunction has been associated with
other neurodegenerative disorders, including Parkinson’s disease and
amyotrophic lateral sclerosis, underscoring their extensive involvement
in neurodegenerative processes (Larner, 2010; Arranz and De
Strooper, 2019).

Research on astrocytes in AD has elucidated that these glial cells
can assume both neuroprotective and neurotoxic roles contingent
upon the specific context. Astrocytes can release neurotrophic factors
to support neuron survival or pro-inflammatory cytokines that lead
to neuroinflammation and synaptic dysfunction (Patani et al., 2023).
The dual functionality of astrocytes in AD implies that targeting their
activity may represent a viable therapeutic strategy. Nonetheless, the
exact mechanisms through which astrocytes affect the progression of
elucidated,
comprehensive investigation into their multifaceted roles.

AD remain inadequately thereby  warranting

In this study, we conducted an extensive bibliometric analysis to
investigate the research status pertaining to astrocytes in AD. Utilizing
data extracted from the Web of Science Core Collection database,
we examined 5,500 pertinent publications covering the period from
2000 to 2024. Our analysis encompassed collaboration networks,
keyword co-occurrence, and trends in research themes. To visualize
and interpret the data, we employed tools such as VOSviewer,
CiteSpace, and the R package “bibliometrix.” These tools facilitated the
provision of insights into the evolving research status and the
identification of key areas of interest.

The findings from this study are intended to augment our
comprehension of the role of astrocytes in AD and to inform future
research fields. By delineating research trends, we aspire to contribute
to the development of targeted therapeutic interventions aimed at
modulating astrocytic activity, with the potential to alter the
progression of AD.

Methods
Data source and search strategy

In this analysis, we used the Web of Science core collection
database (WOSCC), which is widely accepted as a high-quality
database suitable for bibliometric analysis (Wang et al., 2022). As one
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of the most extensive and detailed online repositories globally,
WOSCC provides an extensive array of authoritative and highly
referenced scientific research and evaluations (Gan et al., 2022). The
study period was set from 2000 to 2024 (Date of retrieval: 2000.01.01;
Date of retrieval deadline: 2024.07.06) and articles must be original.
The search query was shown as follows: TS = (“Alzheimer’s disease” OR
“Alzheimer” OR “alzheimer’s disease (ad)” OR “alzheimers-disease”
OR “Alzheimer Diseases” OR “Alzheimers Diseases”) AND
TS=(“Astrocyte” OR “Astrocyte Cell” OR “Astrocyte Cells” OR
“Astrocytes”). In addition, only articles and reviews written in English
were extracted, as well as restricting the type and language of the
documents. A complete literature search and download of data were
completed by 6th July 2024, so that we could avoid bias due to
frequently updated databases. We exported all articles as TXT files and
the data included information on the author, the article title, the
journal title, the year the article was published, the institutions,
keywords, and citation frequency. Among the thousands of search
results, we sorted 5,252 publications: 4,125 articles and 1,127 reviews.
Data acquisition and retrieval strategies are shown in Figure 1.

Bibliometric and visualization analysis

Bibliometric analysis is typically employed to utilize mathematical
and statistical techniques to examine research findings, aiming to
derive valuable insights and uncover prevailing trends across a broad
publication (Yu et al., 2022). Bibliometric insights into countries,
institutions, journals, authors, keywords, and references, providing
comprehensive data on these aspects (Liao et al., 2023). Furthermore,
visualization enables us to assess the current progress of research in a
particular field and predict its trends and hotspots (Wang et al., 2021).
The three most frequently used tools for bibliometric analysis are
VOSviewer, CiteSpace, and Bibliometrix (Dai et al., 2022).

VOSviewer (version 1.6.20) is a bibliometric analysis tool that
extracts essential data from numerous publications, and this software
is utilized to create collaboration networks, co-citation networks, and
cooccurrence networks (Bevilacqua et al., 2024). A number of analyses
are performed by the software, including an analysis of countries and
institutions, an analysis of journals and co-cited journals, an analysis
of authors and co-cited authors, and an analysis of keywords
co-occurrences. Additionally, CiteSpace (version 6.3.1) is a widely
used bibliometric analysis software that provides insights into research
hot spots and evolution processes (Li et al., 2022), it was developed by
Professor Chaomei Chen using the Java programming language
(Chen, 2004). The mapping of visual knowledge graphs is conducted
in accordance with CiteSpace’s core methodology, encompassing
stages such as temporal segmentation, filtering by thresholds,
constructing models, pruning redundant information, amalgamating
related elements, and visual representation. During our research, a
CiteSpace analysis was conducted to map the keywords timeline graph
and to analyze keywords and references with strong citation bursts.
Finally, the R package “bibliometrix” (version 4.2.3) was used to
analyze thematic evolution of publications on astrocytes in AD and
construct global distribution networks. The initial interpretation of
the data is performed through the “biblioAnalysis ()” command and
the “summary ()” function in the “bibliometrix” package. Bibliometrix
provided the main information on the publications, it includes a
comprehensive summary of all published works yearly scientific
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Research trends and hotspots of Astrocyte in
Alzheimer’s disease : A bibliometric analysis
/Topic: Astrocyte in Alzheimer’s disease
Database: Web of Science Core Collection
\_Edition: Science Citation Index Expanded
Publications including proceeding papers, meeting Restriction | Timespan:2000.01.01-2024.07.06
abstracts, editorial materials, book chapters, early Language: English
access, letters, retracted publications, corrections, Document type: “Article” or “Review Article”
reprints, and publications with expression concern
were excluded.
5,252 publications including 4,125 articles and 1,127 reviews
were included in the final dataset for bibliometric analysis
[Visualization and Analysis by CiteSpace, VOSviewer and R package “bibliomctrix’ﬂ
FIGURE 1
Details of the literature searching and data filtrating.

output, geographical distribution, affiliated organizations, local
influence, author demographics, and a word cloud analysis (Zhang
etal,, 2023; Olaleye et al., 2023).

Results
Publication output analysis

Our search strategy yielded a total of 5,252 publications sourced
from the Web of Science core collection online database, covering the
period from January 1, 2000, to July 6, 2024. Among these, 4,125
papers (78.45%) are classified as original research articles, while 1,127
papers (21.55%) are categorized as review articles. As illustrated in
Figure 2A, there is a consistent annual increase in publication output
within this field, indicating a general upward trajectory. Notably, from
2000 to 2016, the literature concerning AD exhibited a steady rise
without significant breakthroughs. In contrast, between 2016 and
2023, there was a marked surge in the number of pertinent research
articles, escalating from 214 in 2016 to 537 in 2023. This increase
underscores a significant advancement in the research on astrocytes
in the context of AD, reflecting a notable trend of rapid development.

Analysis of country and region output

By utilizing bibliometrix and VOSviewer, we are able to visually
analyze countries and regions with more than or equal to 5
publications, and build a collaborative network based on how many
publications there are in each country and how they are related. All
publications on astrocyte research in AD were published by 97
countries or regions. The Figures 2B,C shows the network of national
collaborations related to astrocytes in AD. For instance, China engages
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in significant collaboration with the United States, Japan, Australia,
Canada, and Japan, while the United States actively partners with
China, England, Canada, and Sweden. The ten countries/regions with
the highest contributions are listed in Table 1. Among the countries,
the most significant contributor was the USA (n=1,468, 26.7%),
followed by China (n=836, 15.2%), Italy (n=288, 5.2%), and
United Kingdom (=263, 4.8%), all of which hold important positions
in this area of research. Finally, the combined number of publications
from China and the USA accounted for almost half of the total
(41.9%), indicates their significant influence in this field.

Analysis of institutions

Regarding institutional affiliations, a total of 4,462 organizations
have contributed to the publication of 5,252 research articles focused
on astrocytes in the context of AD. Figure 3C delineates the top 10
institutions based on the volume of published articles. Notably, five
institutions have each published over 200 articles. The leading
contributors include the University of California system (n=>517,
9.84%) and Harvard University (n=402, 7.65%), followed by the
University of London (n=254, 4.84%), the University of Kentucky
(n=213, 4.06%), and Washington University (n =204, 3.88%). To find
out which research institutions were involved in astrocyte research in
AD, VOSviewer was used for visualizing the network map. As shown
in Figure 3A, a larger circle indicated that the institution had published
more articles, and links between institutions indicated collaborative
publications. The findings of the study revealed that the University of
California system stands out as the foremost institution in terms of
research productivity, exhibiting the most robust overall correlation
strength within this domain, closely followed by Harvard University.
As illustrated in Figure 3B, institutions such as Harvard University,
Washington University, the University of California system, the
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FIGURE 2
(A) The trends of annual publications on the topic of astrocyte in Alzheimer's disease from 2000 to 2024. (B) Publications distributed and collaborated
between countries/regions. (C) Distributions of countries/regions and collaboration network.
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TABLE 1 Top 10 countries/regions publishing research related to
astrocyte in AD.

Country/ @ Publications Citations Average
region article
citations

1 USA 1,468 (26.7%) 111,833 76.20

2 China 836 (15.2%) 20,976 25.10

3 Ttaly 288 (5.2%) 11,311 39.30

4 United 263 (4.8%) 17,507 66.60
Kingdom

5 Japan 259 (4.7%) 10,598 40.90

6 Korea 252 (4.6%) 10,769 42.70

7 Germany 218 (4%) 14,146 64.90

8 Canada 186 (3.4%) 9,497 51.10

9 Spain 186 (3.4%) 7,984 42.90

10 Australia 129 (2.3%) 7,442 57.70

University of Kentucky, and the University of California San Francisco
are predominantly represented in lilac and blue hues, signifying their
early engagement in this research area. In contrast, Chinese
institutions, including Shanghai Jiao Tong University, Fudan
University, Peking University, Capital Medical University, and Nanjing
Medical University, are primarily depicted in light green and pale
yellow shades, reflecting either their relatively recent involvement in
the field or the substantial volume of articles they have produced in
recent times. The chart further indicates that Harvard Medical School
is represented by the largest circle nodes, suggesting that these
institutions are emerging as significant players poised to lead future
research endeavors and contribute substantially to the advancement
of this field.

Analysis of journals and co-cited journals

The WoSCC search showed that a total of 893 journals participated
in the publication of astrocyte in AD. The journal coupling method
facilitates the analysis of relationships among journals, aiding in their
categorization and revealing the internal knowledge structure of a
discipline. This approach is particularly beneficial for researchers
seeking to efficiently select suitable journals for submission. Clusters
are formed based on citation frequencies and mutual citation patterns,
which provide insights into the knowledge structure and collaborative
networks within specific research domains. And our collaborative
networks were constructed in each journal based on the number of
publications greater than or equal to 5. As shown in Figure 4A, 197 of
them met the thresholds and the sources analysis was visualized.
Figure 4B shows the journal coupling analysis was conducted on 893
journals that were put into three clusters, and the representative
journals were: the “Journal of Alzheimer’s Disease” (Cluster 1 in red)
is dedicated to a wide array of research topics concerning AD and the
journal covers research on the etiology, pathogenesis, diagnosis,
treatment, and related neurobiology and molecular biology of AD. The
International Journal of Molecular Sciences (cluster 2 is shown in
green) covers all aspects of molecular biology, including basic and
applied research. In the field of AD, the journal may focus on a variety
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of research areas of astrocytes in the disease, such as the role of
astrocytes in AP protein metabolism, inflammatory responses,
regulation of synaptic function, and interactions with microglia. And
Neurochemical research (cluster 3 is shown in blue) may focus on
include cell activation status, interaction with amyloid, metabolic
function, signaling, therapeutic potential, and role in the early stages
of the disease in the research areas of astrocytes in AD.

In addition, we listed the 10 most prolific journals, as shown in
Table 2, AD was the most prolific journal, with 215 articles (4.09%),
followed by the International Journal of Molecular Sciences with 163
articles (3.10%), and the Journal of Neuroinflammation with 142
articles (2.70%). Among the ten journals that have published the
highest number of papers, four are categorized within the Q1, five fall
into Q2, and one is classified as Q3. Notably, Neuroinflammation has
the highest impact factor (IF) of 9.3, placing it within the Q1 category.
In terms of citation frequency, six of the ten most cited journals are
also classified in Q1, while four are in Q2, underscoring their esteemed
status and influence within their respective disciplines. The impact of
a journal is predominantly assessed by the volume of citations it
garners, as these citations serve as a metric for how frequently its
articles are referenced and utilized by scholars and researchers. Within
the top ten cited journals, the Journal of Neuroscience leads with an
impressive total of 16,738 citations, followed by the Proceedings of the
National Academy of Sciences of the United States of America with
11,637 citations, and the Journal of Biological Chemistry with 11,297
citations. This data highlights the substantial influence these journals
exert on the field of AD research.

Moreover, the network visualization for the journal co-citation
network was created using VOSviewer, and the larger node indicates
that the journals are more influential. Figure 4B presents the network
visualization of the journal co-citation network, generated by
VOSviewer with a citation threshold of 20, forming a total of 1,348
nodes with 399,432 links in the graph. In this visualization, journals
that are frequently co-cited are highlighted with larger font sizes,
making them more conspicuous within the network depicted in
Figure 4B. The top three journals with the largest TSL values were
Journal of Neuroscience (TSL=2,007,063), Proceedings of the
National Academy of Sciences of the United States of America
(TSL=1,343,934), and Journal of Biological Chemistry
(TSL=1,217,336), these three journals had the strongest correlation
with other journals in the field.

Analysis of authors and co-cited authors

A total of 26,375 authors participated in research of astrocyte in
AD. Figure 5A shows the collaborative network that we build based
on authors who have published five or more papers. As shown in
Table 3, the top 10 authors are identified based on the number of
publications and citations they have received, along with their
contributions to advancing our understanding of AD. Among the
authors, the three most prolific publishers are VERKHRATSKY A,
with 51 publications, followed by HOLTZMAN DM with 36, and
FERRER I and ZHANG Y, each with 32 papers. Among the top 10
co-citation authors, VERKHRATSKY A (1,585 citations) ranks first,
followed by RODRIGUEZ JJ (834 citations) and HOLTZMAN DM
(815 citations). The VOSviewer was used to visualize a collaborative
network of co-authorship and citation networks between authors, the
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TABLE 2 Top 10 journals and co-cited journals related to astrocytes in Alzheimer's.

Journal Publications IF JCR Rank Cited journal @ Citations IF JCR
(2023) quantile (2023) quantile

1 Journal of Alzheimers 215 34 Q2 1 J Neurosci 16,738 44 Q1
Disease

2 International Journal of 163 4.9 Q2 2 P Natl Acad Sci USA 11,637 9.4 Q1
Molecular Sciences

3 Journal of 142 9.3 Q1 3 ] Biol Chem 11,297 4 Q2
Neuroinflammation

4 Neurobiology of Aging 136 3.7 Q2 4 J Neurochem 9,057 4.2 Q2

5 Journal of Neurochemistry 122 4.2 Q2 5 Nature 8,420 11.28 Q1

6 Glia 120 5.1 Q1 6 Neurobiol Aging 8,348 37 Q2

7 Brain Research 100 2.7 Q3 7 Neuron 7,879 14.7 Q1

8 Frontiers in Aging 99 4.1 Q2 8 Glia 7,271 5.1 Q1
Neuroscience

9 Journal of Neuroscience 93 4.1 Q1 9 Science 6,955 44.7 Q1

10 Neurobiology of Disease 86 5.1 Q1 10 J Alzheimers Dis 6,402 34 Q2

co-authors formed 28 clusters (Figure 6A). Each node stands for a
researcher, with the size of the circle indicating the number of papers
they have published. The lines that connect the circles denote the
collaborative relationships among researchers, and these connections
are colored differently to denote various clusters. As illustrated in
Figure 6B, there exists a notable co-occurrence relationship among the
authors and their co-cited counterparts. Authors who demonstrate
high productivity are observed to frequently co-occur with others. The
analysis reveals that the co-cited authors can be categorized into five
distinct clusters. Among them, VERKHRATSKY A stands out with
the highest number of co-citations, followed closely by RODRIGUEZ
JJ and HOLTZMAN DM. These individuals constitute the central
research contributors within the discipline and are recognized for
their esteemed academic standing.

Analysis of references and co-cited
references

It is critical for researchers to understand which works have
gained the most attention and citations, so they can build upon
existing knowledge and concepts. Table 4 displays top 10 most
frequently cited articles related to astrocyte in AD. “Neurotoxic
reactive astrocytes are induced by activated microglia” is the most
cited article (4,378 citations). This study showing that activated
microglia can induce reactive astrocytes with neurotoxic properties is
of significant scientific significance, offering insight into
neurodegenerative disease pathogenesis (Liddelow et al, 2017).
Second most cited article is “Inflammation and Alzheimer’s disease”
with 3,566 citations. The objective of this study is to enhance the
comprehension of the immune-modulatory and inflammatory
processes associated with AD, while also contributing to the
formulation of innovative anti-inflammatory strategies intended to
decelerate the progression of the disease (Akiyama et al., 2000). The
third most-frequently cited article was “A paravascular pathway
facilitates CSF flow through the brain parenchyma and the clearance

of interstitial solutes, including amyloid g (Iliff et al., 2012) with
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2,985 citations. The study identified a mechanism that flow of CSF
through the parenchyma of the brain is facilitated by paravascular
pathways, which clear interstitial solutes including amyloid, and it
offers a number of therapeutic possibilities for improving solute
clearance and treating brain diseases, and it highlights the importance
of the accessory vascular pathway in the AD (Iliff et al., 2012). Tt is
widely recognized that a citation relationship typically involves two or
more references being cited simultaneously by one or more papers. By
analyzing these citation patterns, researchers can identify influential
papers,
interconnectedness of various studies. This approach can provide

trace the evolution of ideas, and wuncover the
valuable insights into the structure and dynamics of academic
knowledge (Wu et al., 2021). Over the past two decades, 205,521
co-cited references have been published on astrocyte research in
AD. All of the top 10 co-cited references (Table 5) were cited at least
200 times, and one reference was cited more than 500 times. In order
to construct a map of co-citations, references with a co-citation count
of at least 60 were selected, a total of 203 references were selected for
analysis of co-citations (Figure 5A). There were different colors for
different clusters of references. The first cluster (in red) included 73
references, while the second cluster (in green) included 68 references.
Cluster 3 (in blue) included 64 references, Cluster 4 (in yellow)
included 17 references and Cluster 5 (in purple) included 11
references. As shown in Figure 5B, the top ten co-cited references are
mostly related to pathology, genetics, molecular biology, and cell
biology. CiteSpace’s analytical capabilities were used to identify
citation bursts in the field of “astrocyte-Alzheimer’s disease,”
highlighting studies that have garnered significant scholarly attention.
Figure 5C illustrates an examination of the 25 most cited references,
highlighting notable surges in citations that underscore their
substantial influence. By scrutinizing the articles exhibiting the
highest levels of explosive citation intensity, we can gain insights into
the trajectory of research advancement. Among these, the publication
titled “Neurotoxic reactive astrocytes are induced by activated
microglia,” authored by Shane A. Liddelow and colleagues in 2017 in
the journal Nature, exhibited the most pronounced citation burst
(strength=115.81), with the surge occurring between 2019 and 2022
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Top 25 References with the Strongest Citation Bursts
C References Year Strength Begin End 2000 - 2024
Akivama H, 2000, NEUROBIOL AGING, V21, P383, DOI 10.1016/S0197-4580(00)00124-X, DOL 2000 37.73 2001 2005
‘Wyss-Coray T, 2003, NAT MED, V9, P453, DOI 10.1038/nm838, DOL 2003 21.66 2004 2008
Rodriguez JJ, 2009, CELL DEATH DIFFER, V16, P378, DOI 10.1038/cdd.2008.172, DOL 2009 28.07 2010 2014 P—
Kuchibhotia KV, 2009, SCIENCE, V323, P1211, DOI 10.1126/science.1169096, DOL 2009 21.82 2010 2014 ——
Sofroniew MV, 2010, ACTA NEUROPATHOL, V119, P7, DOI 10.1007/500401-009-0619-8, DOI 2010 38.17 2011 2015 P——
Verkhratsky A, 2010, NEUROTHERAPEUTICS, V7, P399, DOI 10.1016/.nurt.2010.05.017, DOL 2010 24.69 2012 2015 p——
Furman JL, 2012, J NEUROSCI, V32, P16129, DOI 10.1523/JNEUROSCI.2323-12.2012, DOL 2012 25.79 2014 2017 e ——
Heneka MT, 2015, LANCET NEUROL, V14, P388, DOI 10.1016/S1474-4422(15)70016-5, DOL 2015 72.83 2016 2020 ———————
Jo S, 2014, NAT MED, V20, P886, DOI 10.1038/nm.3639, DOIL 2014 27.31 2016 2019 P—
Heppner FL, 2015, NAT REV NEUROSCI, V16, P358, DOI 10.1038/nrn3880, DOL 2015 24.16 2016 2018 PR—
Hong S, 2016, SCIENCE, V352, P712, DOI 10.1126/science.2ad8373, DOI 2016 3844 2017 2021 it
De Strooper B, 2016, CELL, V164, P603, DOI 10.1016/j.cell 2015.12.056, DOI 2016 30.57 2017 2020 —
Liddelow SA, 2017, NATURE, V541, P481, DOI 10.1038/nature21029, DOI 2017 11581 2018 2022 —
Keren-Shaul H, 2017, CELL, V169, P1276, DOI 10.1016/.cell.2017.05.018, DOI 2017 49.53 2018 2022 —————
Zhang Y, 2016, NEURON, V89, P37, DOI 10.1016/j.neuron.2015.11.013, DO 2016 2327 2018 2020 —
Liddelow SA, 2017, IMMUNITY, V46, P957, DOI 10.1016/j.immuni.2017.06.006, DOL 2017 4279 2019 2022 ———
Clarke LE, 2018, P NATL ACAD SCI USA, V115, PE1896, DOI 10.1073/pnas. 1800165115, DOL 2018 2556 2019 2021 i —
Selkoe DJ, 2016, EMBO MOL MED, V8, P595, DOI 10.15252/emmm 201606210, DOT 2016 22.1 2020 2021 —
Escartin C, 2021, NAT NEUROSCI, V24, P312, DOI 10.1038/541593-020-00783-4, DOI 2021 7231 2021 2024 J—
Habib N, 2020, NAT NEUROSCI, V23, P701, DOI 10.1038/541593-020-0624-8, DOL 2020 5222 2021 2024 ——
Mathys H, 2019, NATURE, V570, P332, DOI 10.1038/s41586-019-1195-2, DOL 2019 43.44 2021 2024 ——
Hansen DV, 2018, J CELL BIOL, V217, P459, DOI 10.1083/jcb.201709069, DOI 2018 36.23 2021 2024 e—
Gonzilez-Reyes RE, 2017, FRONT MOL NEUROSCI, V10, P0, DOI 10.3389/famol 2017.00427, DOIL 2017 247 2021 2022 —
Leng FD, 2021, NAT REV NEUROL, V17, P157, DOI 10.1038/541582-020-00435-y, DOL 2021 414 2022 2024 ——
Carter SF, 2019, TRENDS MOL MED, V25, P77, DOI 10.1016/j.molmed.2018.11.006, DOL 2019 27.68 2022 2024 —
Top 25 References with the Strongest Citation Bursts
References Year Strength Begin End 2020 - 2024
Hong S, 2016, SCIENCE, V352, P712, DOI 10.1126/science.aad8373, DOL 2016 14.34 2020 2021
Selkoe DI, 2016, EMBO MOL MED, V8, P595, DOI 10.15252/emmm.201606210, DOL 2016 14.06 2020 2021
Liddelow SA, 2017, NATURE, V541, P481, DOI 10.1038/nature21029, DO 2017 1292 2020 2021
De Strooper B, 2016, CELL, V164, P603, DOI 10.1016/j.cell.2015.12.056, DOL 2016 12.08 2020 2021
Zhang Y, 2016, NEURON, V89, P37, DOI 10.1016/j.neuron.2015.11.013, DOL 2016 10.95 2020 2021
Lian H, 2016, ] NEUROSCL, V36, P577, DOI 10.1523/JNEUROSC.2117-15.2016, DO 2016 10.1 2020 2021
Ries M, 2016, FRONT AGING NEUROSCI, V8, P0, DOI 10.3389/fagi 2016.00160, DOL 2016 926 2020 2021
Calsolaro V, 2016, ALZHEIMERS DEMENT, V12, P719, DOI 10.1016/j jalz.2016.02.010, DOL 2016 8.98 2020 2021
Tang Y, 2016, MOL NEUROBIOL, V53, P1181, DOI 10.1007/512035-014-9070-5, DOL 2016 7.85 2020 2021
Solivander S, 2016, MOL NEURODEGENER, V11, PO, DOI 10.1186/513024-016-0098-z, DOL 2016 729 2020 2021
Osborn LM, 2016, PROG NEUROBIOL, V144, P121, DOI 10.1016/j.pneurobio.2016.01.001, DOI 2016 644 2020 2021
Scheltens P, 2016, LANCET, V388, P505, DOI 10.1016/S0140-6736(15)01124-1, DOL 2016 6.16 2020 2021
Rodriguez-Arellano JJ, 2016, NEUROSCIENCE, V323, P170, DOI 10.1016/j.neuroscience.2015.01.007, DOL 2016 5.6 2020 2021
Iram T, 2016, NEUROBIOL DIS, V96, P84, DOI 10.1016/j.1bd.2016.08.001, DOL 2016 532 2020 2021
Ransohoff RM, 2016, SCIENCE, V353, P77, DOI 10.1126/science.22g2590, DOL 2016 4.76 2020 2021
Anderson MA, 2016, NATURE, V532, P195, DOI 10.1038/nature17623, DOI 2016 476 2020 2021 pm
Wang YP, 2016, NAT REV NEUROSCI, V17, PS, DOI 10.1038/nrn.2015.1, DOL 2016 42 2020 2021 pm,
Pekny M, 2016, ACTA NEUROPATHOL, V131, P323, DOI 10.1007/500401-015-1513-1, DOL 2016 422020 2021
Keren-Shaul H, 2017, CELL, V169, P1276, DOI 10.1016/.cell2017.05.018, DOL 2017 501 2021 2022 e
Zhao J, 2017, HUM MOL GENET, V26, P2690, DOI 10.1093/hmg/ddx155, DOL 2017 4612021 2022
Liu CC, 2017, NEURON, V96, P1024, DOI 10.1016/j.neuron.2017.11.013, DOL 2017 4612021 2022
Acosta C, 2017,  NEUROSCI RES, V05, P2430, DOI 10.1002/jar.24075, DOL 2017 446 2021 2022 _
Garwood CJ, 2017, NEUROPATH APPL NEURO, V43, P281, DOI 10.1111/nan.12338, DOL 2017 421 2021 2022
Wang C, 2021, NEURON, V109, P1657, DOI 10.1016/j.neuron.2021.03.024, DOL 2021 5.87 2022 2024
Leng K, 2021, NAT NEUROSCI, V24, P276, DOI 10.1038/541593-020-00764-7, DOL 2021 LR
FIGURE 5
Analyzing literature. (A) The VOSviewer-generated co-citation visualization map among references pertinent to astrocyte research in AD. After
clustering these references, 5 major clusters were formed. Different colored nodes represent different clusters. Cluster 1: (in red) included 73
references, Cluster 2 (in green) included 68 references, Cluster 3 (in blue) included 64 references, Cluster 4 (in yellow) included 17 references, Cluster 5
(in purple) included 11 references. (B) The top ten co-cited references. (C) The top 25 references with the greatest citation bursts during the period
from 2000 to 2024. (D) The top 25 references with the strongest citation bursts during the period from 2020 to 2024.
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TABLE 3 Top 10 authors and co-cited authors related to astrocyte in AD.

10.3389/fnagi.2024.1481748

Author Counts Percentage (%) Co-cited author Citations
1 Verkhratsky A 51 0.9 1 Verkhratsky A 1,585
2 Holtzman Dm 35 0.6 2 Rodriguez Jj 834
3 Ferrer 1 32 0.6 3 Holtzman Dm 815
4 Zhang Y 32 0.6 4 Veerhuis R 722
5 LY 30 0.5 5 Liddelow Sa 648
6 LiuY 29 0.5 6 Dawson Tm 605
7 Zetterberg H 27 0.5 7 Dawson V1 605
8 Zhang L 27 0.5 8 Barres B 584
9 Blennow K 26 0.5 9 Kumar M 584
10 Hong Jt 26 0.5 10 Panicker N 584

(Liddelow et al., 2017). This was closely followed in impact by the
works of Heneka et al. (2015) and Akiyama et al. (2000). It can
be helpful to identify key studies that have received significant
scholarly attention and determine when these bursts occurred. The
analysis of co-citation references and identification of works that are
frequently cited together allows researchers to identify potential
collaborators who have similar research interests, improving their
ability to collaborate.

Furthermore, we utilized CiteSpace to identify the top 25
references with the strongest citation bursts during the period from
2020 to 2024, with the goal of identifying and monitoring the latest
research trends and focal points concerning astrocytes in
AD. Figure 5D illustrated that, since 2020, the strongest citation burst
originated from the paper by Hong et al. on Science in 2016, exhibited
the most pronounced citation burst (strength=14.34), this study
suggests that modulating astrocyte activation or the factors they
release could potentially improve symptoms and slow the progression
of AD (Hong et al., 2016). Followed by the article by Dennis J Selkoe
et al. on Embo Molecular Medicine in 2016 (strength =14.06), the
literature emphasizes the important role of astrocytes in AD,
particularly in terms of their potential to clear Ap and restore cognitive
functions, and the study suggest that by modulating the autophagy
process of astrocytes, it is possible to reduce Ap oligomers in the brain
and improve memory and cognitive functions, offering new strategies
and potential therapeutic targets for the treatment of AD (Selkoe and
Hardy, 2016). The third most prominent is the article by Shane
A. Liddelow et al., published in Nature in 2019, with a strength of
12.92 (Liddelow et al., 2017).

Analysis of keywords

Identifying key terms within the article provides us with insight
into the topic of the article (van Eck and Waltman, 2017). By
identifying these keywords and their clusters, we can identify current
research hotspots and frontiers, and suggest future directions (Dotsika
and Watkins, 2017). We used VOSviewer software to perform
co-occurrence clustering analysis, with a minimum keyword
occurrence threshold of 50 instances. Keywords meeting these criteria
were included in the graph, and each circle’s size was positively
correlated with keyword frequency. The visualized network was
created using 184 keywords (after removing duplicates) from the

Frontiers in Aging Neuroscience

initial pool of 16,027 keywords (Figure 7A). As shown in Figure 7A,
the key-word clustering analysis revealed 5 different clusters, the first
cluster (in red) included 62 keywords, with “astrocyte,” “oxidative
stress” and “brain” dominating the red cluster. While the second
cluster (in green) included 62 keywords, it contains primary keywords
such as “microglia,” “inflammation,” and “neuroinflammation.”
Cluster 3 (in blue) included 40 keywords, Cluster 4 (in yellow)
included 33 keywords and Cluster 5 (in purple) included 1 keyword.

»

The keywords “tau,” “neurodegeneration” and “amyloid-beta” are also
important. In order to visualize keyword occurrence and frequency.
Bibliometrix was applied to the article’s keywords, with a
minimum keyword occurrence threshold of 10 instances. In Figure 7B,
the font size corresponds to the frequency of keywords in retrieved
articles. First of all, keywords ranked in the top three were “alzheimer’s

» <«

disease,” “astrocyte,” and “amyloid-beta” Then, microglia,” “brain,”
“mutations,” “expression,” and “neuroinflammation” followed closely
behind. Analysis of co-occurrences reveals themes and concepts that
relate to keywords.

As shown in Figure 7C, a co-occurrence analysis chart reflects
frequency of keywords, utilizing CiteSpace to analyze the
co-occurrence of “astrocyte- Alzheimer’s disease” from 1 January
2000, to 6 July 2024. Sizes of spheres indicate the cumulative size of
spheres on annual rings, proportional to keyword usage frequency.
Earlier keyword appearances are purple, later keyword appearances
are red, and overlapping colors indicate citations in the corresponding
years are overlapping. In addition, the lines connecting the spheres
represent connections among literature citing each other. Figure 7C
shows that the most frequently co-occurring keyword is “alzheimer’s
disease,” followed by “astrocyte””

CiteSpace utilized the timeline as the analytical node to create a
keyword time chart that illustrates the chronological progression of
keywords. This timeline view provides a more lucid representation of
historical study findings, patterns, and intrinsic connections in each
group. Every node signifies a unique keyword, where the size of the
node is directly proportional to its frequency of appearance.
We utilized CiteSpace to acquire 5 clusters and created a clustering
timeline, each represented by a horizontal line (Figure 7D). The map
of clustering time can additionally display the manifestation of every
cluster and identical colors denoted identical clusters. We selected tree
ring type nodes; the color stripes around each node symbolized the
frequency of this keyword in each respective year. For example, the
“pathology” node was mainly made up of yellow stripes, signifying
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FIGURE 6

Analysis of active authors using network visualization. (A) Analysis of author collaboration in a network visualization map. (B) Analysis of co-cited

the lines between authors representing their collaborations.

authors in a network visualization map. Each node represents an author or co-cited author, with node size indicating their citations or documents,

and

that this term was often used between the years 2009 and 2015. The ~ of grouped keywords, offering a thorough visualization of the

color of connecting lines between nodes was set to reflect the average ~ evolution and trends of research clusters. Examining the time

year of co-occurrence. Figure 7D depicts the chronological perspective  development of keywords, in 2000, high-frequency keywords such as
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TABLE 4 Top 10 articles with the most citations.

10.3389/fnagi.2024.1481748

Literature Cited frequency Author Journal IF (2023)

1 Neurotoxic reactive astrocytes are induced by 4,378 Shane A Liddelow 2017 Nature 50.5
activated microglia

2 Inflammation and Alzheimer’s disease 3,655 H Akiyama 2000 Neurobiol Aging 3.7

3 A paravascular pathway facilitates CSF flow 2,569 Jeffrey J Iliff 2012 Science Translational 15.8
through the brain parenchyma and the clearance Medicine
of interstitial solutes, including amyloid f

4 The blood-brain barrier in health and chronic 2,407 Berislav V Zlokovic 2008 Neuron 14.7
neurodegenerative disorders

5 Neurovascular regulation in the normal brain and 1,689 Costantino Tadecola 2004 Nature Reviews 28.7
in Alzheimer’s disease Neuroscience

6 The Cellular Phase of Alzheimer’s Disease 1,143 Bart De Strooper 2016 Cell 455

7 Microglia in Alzheimer’s disease 1,063 David V Hansen 2018 Journal of Cell Biology 7.4

8 Primary age-related tauopathy (PART): a common 963 John F Crary 2014 Acta Neuropathologica 9.3
pathology associated with human aging

9 Apolipoprotein E controls cerebrovascular 946 Robert D Bell 2012 Nature 50.5
integrity via cyclophilin A

10 Neuroinflammation in neurodegenerative 933 Hyuk Sung Kwon 2020 Transl Neurodegener 10.8
disorders: the roles of microglia and astrocytes

TABLE 5 The top 10 articles with the most co-citations.

Co-cited literature Co-cited Author Journal
counts

1 Inflammation and Alzheimer’s disease 348 H Akiyama 2000 Neurobiology of Aging 3.7

2 Neuropathological stageing of Alzheimer-related changes 328 H Braak 1991 Acta Neuropathologica 9.3

3 Gene dose of apolipoprotein E type 4 allele and the risk of 199 E H Corder 1993 Science 44.7
Alzheimer’s disease in late onset families

4 The amyloid hypothesis of Alzheimer’s disease: progress and 329 John Hardy 2002 Science 44.7
problems on the road to therapeutics

5 Neuroinflammation in Alzheimer’s disease 369 Michael T 2015 Lancet Neurology 46.5

Heneka

6 A Unique Microglia Type Associated with Restricting 221 Hadas Keren- 2017 Cell 455
Development of Alzheimer’s Disease Shaul

7 Neurotoxic reactive astrocytes are induced by activated 514 Shane A 2017 Nature 50.5
microglia Liddelow

8 Intraneuronal beta-amyloid aggregates, neurodegeneration, 224 Holly Oakley 2006 Journal of Neuroscience 4.4
and neuron loss in transgenic mice with five familial
Alzheimer’s disease mutations: potential factors in amyloid
plaque formation

9 Astrocytes: biology and pathology 306 Michael V 2010 Acta Neuropathologica 9.3

Sofroniew

10 Adult mouse astrocytes degrade amyloid-beta in vitro and in 289 Tony Wyss- 2003 Nature Medicine 58.7

situ Coray

» o« » o«

“Alzheimer’s disease,” “astrocyte,” “amyloid-beta,” and “oxidative
stress” signified the commencement of research at an early stage with
significant results.

The CiteSpace algorithm identifies surges in research subjects.
Figure 7F shows the top 25 most cited keywords. Among the keywords

with the highest burst intensity, “messenger RNA” (37.5) ranked highest,
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followed by “Alzheimer’s disease” (33.62) and “nitric oxide synthase”
(31.82). The keyword with the longest duration was “peptide;” duration
ranged from 2000 to 2016, followed by “human brain,” “microglial cells,”
“necrosis factor alpha” Additionally, we utilized CiteSpace to identify
the top 10 keywords with the strongest citation bursts during the period
from 2020 to 2024 (Figure 7E). The keywords appeared recently with
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Top 10 Keywords with the Strongest Citation Bursts
Keywords Year Strength Begin End 2020 - 2024
s disease 2020 18.36 2020 2021
taf alpha 2021 3.85 2021 2022
dentate gyrus 2021 3.13 2021 2022
astrocyte derived exosm 2021 288 2021 2022
tau hyperphosphorylation 2021 2.64 2021 2022
rat 2021 2.64 2021 2022
nerve growth factor 2021 242021 2022
plasticity 2022 339 2022 2024
macrophages 2022 254 2022 2024 —
monoamine oxidase b 2022 2.54 2022 2024
F Top 25 Keywords with the Strongest Citation Bursts
Keywords Year Strength Begin End 2000 - 2024
messenger rma 2000 37.5 2000 2009
precursor protein 2000 314 2000 2010 p—
senile plaques 2000 2036 2000 2009  s—
peptide 2000 23.06 2000 2016
microglial cells 2000 19.25 2000 2012
human brain 2000 17.99 2000 2014
hippocampal neurons 2000 17.04 2000 2009  —
necrosis factor alpha 2000 14.64 2000 2012
nitric oxide synthase 2001 31.82 2001 2012  —
nitric oxide 2001 254 2001 2013
nonsteroidal antiinflammatory drugs 2004 18.24 2004 2012 PE———
amyloid beta peptide 2002 17.64 2004 2011 e
fibrillary acidic protein 2003 23.76 2009 2017 ———
transgenic mouse model 2004 19.54 2009 2019 ——
memory 2012 14.45 2018 2024 ——
dysfunction 2015 22.03 2019 2024 —
neuroinflammation 2009 20.56 2019 2024 —
tau 2004 19.65 2019 2024 —
s disease 2020 33.62 2020 2021 —
mechanisms 2000 14.71 2020 2024 —
cognitive impairment 2012 14.03 2020 2024 ——
reactive astrocytes 2000 13.4 2021 2024 e
association 2001 17.86 2022 2024 PR—
model 2006 17.02 2022 2024 —
metabolism 2005 14.89 2022 2024 _I
FIGURE 7
Keywords cluster analysis of correlation between metabolomics AD and astrocyte. (A) Keyword cluster analysis. Cluster 1 (in red) included 62 keywords.
Cluster 2 (in green) included 62 keywords. Cluster 3 (in blue) included 40 keywords. Cluster 4 (in yellow) included 33 keywords. Cluster 5 (in purple)
included 1 keyword. (B) The keyword cloud of the retrieved articles. (C) Co-occurrence network of keywords. (D) Clustering timeline of keywords
(E) Keywords burst analysis indicated by the map of “Top 10 Keywords with the Strongest Citation Bursts” during the period from 2020 to 2024.
(F) Keywords burst analysis indicated by the map of “Top 25 Keywords with the Strongest Citation Bursts” during the period from 2000 to 2024
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strong citation bursts were “Alzheimer’s disease;” “tnf alpha” and

“dentate gyrus,” representing the current research hotspots in this field.

Discussion

AD represents a significant global health challenge characterized
by a progressive deterioration of cognitive functions, memory
impairment, and, ultimately, the loss of the ability to perform daily
activities independently (Jose et al., 2019). Projections indicate that
by 2050, over 15 million individuals worldwide are expected to
be affected by this neurodegenerative disorder, thereby imposing
considerable emotional and financial burdens on patients, their
families, and healthcare systems (Debapriya et al., 2019). Current
treatments mainly involve drugs and other methods but are not very
effective in slowing AD or improving patient quality of life (Paulo
etal,, 2022). Therefore, new research is urgently needed to investigate
the disease’s underlying mechanisms, especially the role of glial cells
like astrocytes.

This study uses bibliometric analysis to examine astrocytes’ role
in Alzheimer’s disease, highlighting key trends and research
developments from 2000 to 2024 using Web of Science data.
Analyzing 5,252 relevant publications, including numerous original
studies and reviews, this research underscores the growing scholarly
focus on astrocytes in AD pathology (Spotorno et al., 2022). The
findings illuminate the growing acknowledgment of the roles of
astrocytes in neuroinflammation, metabolism, and neuroprotection
in the context of AD (Zulfigar et al., 2019). This underscores the
potential for developing astrocyte-targeted therapeutic strategies to
enhance the management of AD.

The bibliometric analysis reveals a significant increase in
research dedicated to astrocytes and their roles in AD, with the
number of publications rising from 214 in 2016 to 537 in 2023. This
upward trend underscores an expanding interest in the topic,
corresponding with the increasing global prevalence of AD. It
indicates a heightened awareness among researchers regarding the
critical role astrocytes play in neuroinflammatory processes and
neurodegeneration associated with the disease (Matthew and Jason,
2017; Hamilton et al., 2024). The rise in the number of both original
research and review articles suggests a maturation of the field.
Furthermore, the expansion in research output can be ascribed to
advancements in novel methodologies and models, which facilitate
a more profound exploration of astrocyte biology (Krawczyk et al.,
2022). This progress holds the potential to develop innovative
therapeutic strategies aimed at enhancing the quality of life for
patients suffering from AD.

Authorship patterns reveal that a few researchers dominate the
field, often collaborating on numerous publications. While such close
collaboration may facilitate the establishment of a cohesive vision for
future research trajectories, it simultaneously raises concerns about
the diversity of perspectives and the potential implications for
innovation. To address these challenges, it is crucial to foster the
engagement of emerging researchers and to advocate for
interdisciplinary collaborations. These initiatives may prevent
stagnation in research productivity and stimulate innovative
approaches to elucidating the roles of astrocytes in AD.

This study is limited by its exclusive use of the Web of Science,
potentially missing key works from databases like PubMed and CNK]I,
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and its focus on English-language publications, which may overlook
important research in other languages. The lack of standardized
quality assessment criteria could also bias our interpretations. Future
research should include diverse databases and languages and apply
rigorous quality assessment protocols for a more comprehensive
understanding of the field.

Conclusion

This research offers a comprehensive overview of evolving studies
on astrocytes and AD, highlighting publication trends, geographic
and institutional contributions, and key authors. These insights will
guide future research on Alzheimer’s mechanisms. This analysis
provides insights that will guide future research into Alzheimer’s
mechanisms. As the field evolves, fostering interdisciplinary
collaboration and integrating empirical findings will be essential for
turning these insights into meaningful therapeutic advancements
for patients.
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