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Purpose: Alzheimer’s disease (AD) is a growing global health burden, yet effective therapies remain elusive. Microglia—the brain’s
resident immune cells—have emerged as key players in AD, capable of both neuroprotection and neurotoxicity. To elucidate research
progress and gaps, we conducted a bibliometric analysis of global studies on “microglia and AD” from 2010 to 2025, highlighting
advances beyond prior reviews.

Methods: We searched the Web of Science Core Collection for relevant publications (2010-2025). After screening and deduplication,
12,275 records were analysed with CiteSpace 6.2.R4 to generate co-citation networks, keyword clusters, citation-burst timelines, and
collaboration maps at national, institutional, and author levels.

Results: Annual output rose markedly, peaking in 2022. The United States and China led the field; Harvard University, the University of
California System, and the Chinese Academy of Sciences were the most prolific institutions. Influential authors included Holtzman, Heneka,
Zetterberg, and Colonna. Co-citation analysis revealed three dominant knowledge clusters: microglial activation, TREM2-mediated
immune responses, and neuroinflammation. Keyword evolution showed growing attention to TREM2 variants, NLRP3 inflammasome,
single-cell omics, and novel imaging techniques, reflecting a shift toward microglial heterogeneity and translational research.
Conclusion: Microglia occupy a central position in AD pathogenesis through intertwined molecular pathways and dynamic
functional states. Future work should refine subtype-specific roles, integrate peripheral-central immune interactions, and accelerate
the translation of mechanistic insights into targeted interventions. This bibliometric overview maps collaboration patterns and
emerging themes, providing a strategic guide for researchers aiming to advance microglia-focused AD therapeutics.
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Introduction

Alzheimer’s disease (AD) is a common neurodegenerative disorder primarily characterized by clinical symptoms such as
cognitive impairment, memory decline, and abnormal behaviors.'? At present, AD has become a major public health
challenge in the context of global aging, imposing a substantial burden on patients, their families, and healthcare
resources worldwide.® Over the past few decades, considerable progress has been made in exploring the pathophysio-
logical mechanisms of AD, especially regarding the traditional pathological hypotheses of f-amyloid (A) deposition and
abnormal phosphorylation of Tau protein.> However, the core mechanisms leading to neuronal dysfunction and

progressive cognitive decline remain to be fully elucidated.
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As research has advanced, the perspective of neuroimmunology has gradually entered the mainstream of this field.
Microglia, the resident immune cells of the central nervous system (CNS), are regarded as “frontline defenders” that maintain
neuronal homeostasis and respond to brain damage.”® Early studies focused largely on the phagocytosis and clearance of Ap
by microglia, suggesting certain neuroprotective potential.” However, subsequent work indicated that, if microglia become
overactivated or functionally dysregulated, they may release large quantities of inflammatory factors, exacerbating neuronal
injury and synaptic degeneration.'® This dual nature of “protection vs damage” makes microglia a pivotal variable in AD
pathology. Moreover, recent multi-omics technologies (eg, single-cell transcriptomics, spatial omics) have further revealed the
heterogeneity of microglial subpopulations and their dynamic roles in AD progression.'''?

Meanwhile, attention has gradually turned to specific molecular pathways and regulatory mechanisms of microglia
in AD. For instance, TREM2 gene variants have been shown to be significantly associated with the risk of
sporadic AD;'? mutant TREM2 can affect the immune phagocytosis and migration capacity of microglia.'*
Additionally, activation or inhibition of the NLRP3 inflammasome has been demonstrated in multiple in vitro and
in vivo models to modulate the degree of neuroinflammation and disease progression.'® Furthermore, novel molecular or
cellular therapies—such as monoclonal antibodies, immune-regulating small molecules, or gene editing technologies—
have begun to exhibit potential for intervention in the preclinical and basic research stages.'® Nevertheless, considerable
limitations and challenges remain, including potential off-target effects, difficulties in delivering therapies across the
blood-brain barrier (BBB), variable patient responses and the complex interplay between microglial activation states and
stages of disease progression (Supplement Figure 1).

It is noteworthy that there is no unified understanding of the role of microglia during the early, middle, and late stages
of AD. Some researchers contend that microglial functional decline causes inefficient clearance of AP, thereby accel-
erating disease progression; others suggest that chronic or excessive inflammatory responses significantly impair synaptic
plasticity and cognitive function.'” At the same time, from a global research collaboration standpoint, AD-related studies
show a pattern of participation by multiple countries, institutions, and disciplines, with literature output and academic
impact steadily rising over the past decade 131313. Systematically organizing this research surge and clarifying the key
issues and future directions in the field are crucial for advancing both basic science and clinical translation.

Against this background, this study adopts bibliometric and visualization methods (using tools such as CiteSpace) to
systematically review and quantitatively analyze the global research status and hot topics concerning “microglia and
Alzheimer’s disease”. On the one hand, we employ multiple perspectives—annual publication trends, collaboration
networks, keyword and co-citation clustering—to reveal the knowledge structure and evolutionary patterns of the field.
On the other hand, by identifying highly cited and burst-detected references, we explore potential critical frontiers and
future directions in the interplay between microglial immune functions and AD pathological mechanisms. We hope that
this study offers a comprehensive literature overview for researchers newly entering the field, helps existing investigators
summarize progress and seek breakthroughs, and provides substantial reference material for subsequent exploration
of AD pathogenesis and the development of intervention strategies from a multidisciplinary perspective.

Method

Data Sources and Retrieval Strategy

Data for this study were obtained from the Web of Science (WoS) Core Collection database, covering the period from
1 January 2010 to 1 January 2025. To ensure a comprehensive collection of documents on “microglia and AD”, the
following retrieval strategy was applied.

The “Topic” field in WoS (ie TS=) was used to search within the title, abstract, author keywords and KeyWords Plus
fields of each article, thereby improving both the hit rate and coverage. Various spellings and expressions of “microglia”,
along with “AD” and its common abbreviations and variants, were considered to maximise the retrieval scope. The final
search query was as follows:

TS=((microglia OR “micro-glia” OR “micro glia*” OR “microglial cell*”” OR “microglial activation” OR “microglial
proliferation” OR “microglial dysfunction”) AND (“Alzheimer’s disease” OR “Alzheimer disease” OR “Alzheimers
disease” OR Alzheimer* OR AD)).
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Exporting and Screening

Based on the search query, a total of 12,313 relevant records were retrieved from the WoS database. The “Analyse
Results” and “Refine Results” functions in WoS were used to restrict the language to Chinese or English, excluding
publications in other languages. All retrieved records were exported locally, and duplicate entries were removed using
CiteSpace. After screening and deduplication, 12,275 unique references were retained for further analysis.

Data Analysis and Visualisation
The final set of 12,275 references was subjected to visualisation analysis. All statistical and visualisation tasks were
performed using CiteSpace version 6.2.R4. The protocol was registered: https://doi.org/10.17605/OSF.IO/KN35U

Results

Annual Publication Trends
As shown in Figure 1, the annual number of publications between 2010 and 2025 exhibits a clear upward trend, reflecting
sustained interest in the relationship between “microglia and AD” within the academic community.

Initial Exploration Stage (2010-2014): The number of publications was relatively low but increased steadily,
suggesting an emerging awareness of microglial roles in AD.

Rapid Growth Stage (2015-2019): A pronounced increase occurred, especially in 2016 and 2017, with annual outputs
exceeding 600 and 700, respectively, indicating intensified research focus on neuroinflammatory mechanisms involving
microglia.

Research Peak (2020-2022): Growth accelerated markedly, peaking in 2022 with over 1300 publications, highlighting
breakthrough interest driven by advances in single-cell omics, clinical translation and interdisciplinary collaboration.

Steady High-Level Stage (2023—2024): The annual publication volume remained high (around 1300 per year), reflecting
sustained academic and clinical attention.
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Figure | Annual publications from 2010 to 2025.
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Incomplete Data (2025): Fewer than 100 papers were available due to early retrieval timing, resulting in partial data
for the year.

National and Institutional Collaboration Networks

National Collaboration Network

As shown in Figure 2, each node’s size and colour represent the publication volume and time distribution, respectively,
whereas the connecting lines represent co-authorship or collaborative relationships between countries. Supplement Figure 2

presents the map of national cooperation.

The main contributing countries are the US and China. Their larger node sizes indicate they produce the most
publications in this field and frequently exhibit higher centrality, functioning as “bridges” or “hubs” within the network.
Other countries with substantial publication outputs include the UK, Germany, Japan, Canada and France, which have
formed a pattern of joint participation across Europe, Asia and North America. The strong connection between the US
and China suggests close cooperation and a high rate of international co-authorship.

European countries, such as the UK, Germany, France, Italy and the Netherlands, also demonstrate strong regional
collaboration. In the Asia—Pacific region, beyond China, South Korea and India maintain moderate-scale networks,
reflecting the emergence of new contributors in this research domain.

The colours of each node ring, from inner to outer, indicate the temporal distribution of publications; several countries
have been active since around 2010, and their contribution has continued to grow over the past 5 years.

Although overall connectivity in the collaboration network is relatively high, regional “cluster” phenomena remain
evident, highlighting the need for enhanced cross-regional collaboration.

Institutional Collaboration Network
Figure 3 illustrates the collaboration network among major research institutions in the field. Node size reflects an
institution’s publication volume or citation count, whereas the ring colour indicates the time distribution of publication

activity. The following summary is based on the main nodes observed:
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Figure 2 National collaboration network.
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Leading institutions include Harvard University, the University of California System, the Chinese Academy of
Sciences and the University of London, all of which demonstrate significant international influence.

Collaborative relationships are primarily driven by prominent US universities and European research centres, with
extensive cross-border interactions, particularly between US, European and Chinese institutions.

Specialised neurodegenerative research centres, such as Germany’s DZNE, also emerge as critical nodes, under-
scoring the importance of focused institutions in facilitating targeted AD research.

Author Collaboration Network Analysis

Figure 4 presents active authors and their co-authorship relationships in the field of “microglia and AD”. Node size
generally reflects an author’s publication volume or citation frequency, node colour indicates the author’s active research
period and lines represent co-authorship links. The analysis reveals the following:

Core authors include Colonna, Holtzman, Heneka, Haass and Bennett, all noted for high publication outputs and
influential studies on TREM?2 signalling pathways, Tau protein pathology and A clearance.

Authors are clustered into distinct but interconnected research groups, reflecting strong cross-institutional and
interdisciplinary collaboration, particularly evident in topics related to neuroinflammation and immune microenviron-
ment regulation.

As shown in Table 1, Holtzman ranks first with 72 publications. Heneka exhibits a strong citation burst between 2020
and 2025, indicating growing recognition of his work. Zetterberg, Bennett and Haass show recent increases in citation
frequency, underscoring their influential recent contributions to the field.

Supplement Figure 3 reveals the seven major keyword clusters of “microglia-Alzheimer’s disease” research and their

corresponding relationships with core authors in the form of a visual network, further highlighting the multidisciplinary
intersection and theme evolution trend in this field.

#0 neurodegenerative diseases (rose-red diamond) is located in the center of the network, gathering high-frequency words
such as “Alzheimer’s disease, Parkinson’s disease, oxidative stress, NF-kB”, forming the backbone connecting the remaining
clusters; authors such as Rivest S. can be seen next to the node, indicating its bridge role in neuroimmunology research.

#1 reactive astrocyte (lemon yellow) focuses on concepts such as “activation, inflammation, microglia-astrocyte
crosstalk”, showing that astrocyte activation has become an important parallel direction of microglial research.
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Figure 4 Author collaboration network analysis.

#2 transgenic mice (light green diamond) revolve around “microglial activation, amyloid §, mouse model”, and
annotates highly productive scholars such as Heneka MT and Saito T, indicating that transgenic animal models are still
the core technical platform for mechanism exploration.

#3 soluble TREM2 (turquoise) links keywords such as “dementia, APOE, tau, cerebrospinal fluid”, and is accom-
panied by authors such as Zetterberg H, Haass C, and Holtzman DM, reflecting the hot interweaving of TREM2-AD
humoral markers and genetic susceptibility.

#4 synaptic plasticity (sky blue) keywords include “long-term potentiation, cognitive deficits, neurotrophic factor”,
highlighting the research trend of impaired synaptic plasticity and cognitive decline.

#5 cell-derived extracellular vesicle (lavender) links “pluripotent stem cells, mesenchymal stem cells, microglia-like
cells”, etc., pointing to the emerging application of stem cell-exosomes in inflammation regulation and regenerative therapy.

Table | Top 10 Authors by Publication Volume/Citation Frequency

Ranking Author Publication/Citation Initiation | Frequency | Burst | Begin—-End
| Holtzman, David M 2015 72 0 —

2 Heneka, Michael T 2020 66 2.84 2020-2025
3 Zetterberg, Henrik 2019 6l 5.08 2021-2025
4 Bennett, David A 2019 59 3.82 2023-2025
5 Haass, Christian 2016 54 5.2 2023-2025
6 Blennow, Kaj 2016 54 35 2021-2025
7 Colonna, Marco 2015 51 6.38 2015-2020
8 Saito, Takashi 2019 38 5.26 2023-2025
9 Saido, Takaomi C 2019 37 5.26 2019-2023
10 Bu, Guojun 2015 31 3.92 2022-2023
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#6 gut microbiota (pink ellipsoid) surrounds “nervous system, chain fatty acids, complement”, showing that the gut-
brain axis and microbial metabolites have become the frontier of interdisciplinary research.

Co-Citation Analysis of References

Co-Citation Network Structure

Figure 5 illustrates the co-citation network of references.”'*'**® Each node represents a paper, with node size indicating
citation frequency or weight, and colours - from dark to light or from inner to outer rings - showing the chronological order of

EEINT3

publication. Major thematic clusters include “microglia activation”, “neuroinflammation in AD” and “TREM2 and immune
response”, highlighting distinct yet interconnected research domains. Foundational papers (eg Butovsky;* Keren-Shaul*’)

serve as anchors within clusters, indicating their key role in shaping the current understanding of the field.

Timeline View
Figure 6 Timeline view of the co-citation network.>'*'®*® Nodes are key references, sized by citation frequency and
coloured by publication year (legend, lower-left). Superscript Arabic numerals correspond to the reference list.

Early stage (2010-2012). The initial stage of research focused on the basic theory of neuroinflammation and the
mechanism of AB clearance. Representative papers include Heneka®® and Guerreiro.*”

Middle stage (2013-2017). The “diversification” stage saw the emergence of hotspots such as TREM2 mutation, Tau
protein pathology and NLRP3 inflammasome; highly cited papers such as Keren-Shaul,*’ Liddelow,’” and Wang** laid
a new framework for immune imbalance and synaptic damage.

Recent stage (2018-2025). With the application of cutting-edge technologies such as single-cell transcriptomics and
CRISPR/Cas9, the research focus has shifted to microglial heterogeneity and precise intervention: Hansen,* Zhou,*’
Leng™ and other literature show that microglial subtype-specific functions and peripheral-central immune interactions
are rapidly becoming a core issue.
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Highly Cited References with Citation Bursts

In addition to co-citation structures, Citation Burst detection in CiteSpace was used to identify references with significant
increases in citation frequency over a defined time period. Figure 7 presents the top 25 references with the strongest
citation bursts.

Burst intensity and duration: References such as Guerreiro (2013), Jonsson (2013), Heneka (2015), Keren-Shaul
(2017) and Leng (2021) exhibit high burst intensities (>80), indicating that they received extensive citations during
specific periods. The burst duration (Begin—End) reflects how long a paper’s influence or popularity is sustained, which
in some cases spans 3—5 years or more.

Research content and academic impact: Guerreiro (2013) and Jonsson (2013) focus on TREM?2 gene variation and AD
susceptibility. Heneka (2015), published in The Lancet Neurology, offers important insights into neuroinflammation,
enhancing the understanding of microglial inflammatory pathways. Keren-Shaul (2017) applies single-cell transcrip-
tomics to microglial subtype identification, paving the way for precision medicine research. More recent references, such
as Leng (2021) and Paolicelli (2022), explore immune microenvironment regulation and synaptic plasticity, reflecting the
continued rapid development in this area.

Keyword Co-Occurrence and Clustering Analysis

Keyword Timeline View

Figure 8 displays high-frequency keywords along a timeline. Each diamond represents the first appearance or a period of

heightened usage for a specific keyword in a given year. The size or colour may indicate the frequency or duration of activity.
Early stage (around 2010-2012): Keywords such as “central nervous system”, “experimental autoimmune encepha-

lomyelitis” and “nitric oxide synthase” are primarily associated with foundational concepts in neuroimmunity and

inflammation. During this phase, microglia were primarily viewed as key mediators of CNS immune responses, with

a focus on inflammation and oxidative stress.
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Top 25 References with the Strongest Citation Bursts

References Year Strength Begin End 2010 - 2025
Ransohoff RM, 2009, ANNU REV IMMUNOL, V27, P119, DOI 10.1146/annurev.immunol.021908.132528, DOI 2009 66.88 2010 2014
Hickman SE, 2008, J NEUROSCI, V28, P8354, DOI 10.1523/JNEUROSCI.0616-08.2008, DOIL 2008 64.36 2010 2013
Glass CK. 2010, CELL, V140, P918, DOI 10.1016/j.cell.2010.02.016, DOI 2010 74.22 2011 2015
Guerreiro R, 2013, NEW ENGL J MED, V368, P117, DOI 10.1056/NEJMoal211851, DOIL 2013 156.1 2013 2018
Jonsson T, 2013, NEW ENGL J MED, V368, P107, DOI 10.1056/NEJMoal1211103, DOL 2013 130.29 2013 2018
Kettenmann H, 2011, PHYSIOL REV, V91, P461, DOI 10.1152/physrev.00011.2010, DO 2011 86.22 2013 2016
Heneka MT, 2013, NATURE, V493, P674, DOI 10.1038/nature11729, DOL 2013 84.87 2013 2018
Schafer DP, 2012, NEURON, V74, P691, DOI 10.1016/j.neuron.2012.03.026, DOL 2012 62.42 2013 2017
Griciuc A, 2013, NEURON, V78, P631, DOI 10.1016/j.neuron.2013.04.014, DOL 2013 69.57 2014 2018
Parkhurst CN, 2013, CELL, V155, P1596, DOI 10.1016/j.cell.2013.11.030, DOIL 2013 66.9 2014 2018
Wang YM, 2015, CELL, V160, P1061, DOI 10.1016/j.cell.2015.01.049, DOIL 2015 114.59 2015 2020 ——
Butovsky O, 2014, NAT NEUROSCI, V17, P131, DOI 10.1038/nn.3599, DOL 2014 86.92 2015 2019  —
Jay TR, 2015, J EXP MED, V212, P287, DOI 10.1084/jem.20142322, DOL 2015 67.46 2015 2020 —————
Kleinberger G, 2014, SCI TRANSL MED, V6, P0, DOI 10.1126/scitranslmed.3009093, DOI 2014 63.48 2015 2019 e
Hickman SE, 2013, NAT NEUROSCI, V16, P1896, DOI 10.1038/nn.3554, DOIL 2013 62.79 2015 2018
Heneka MT, 2015, LANCET NEUROL, V14, P388, DOI 10.1016/S1474-4422(15)70016-5, DOL 2015 187.4 2016 2020 e ———
Heppner FL, 2015, NAT REV NEUROSCI, V16, P358, DOI 10.1038/nrn3880, DOIL 2015 80.68 2016 2020 G m—
Hong S, 2016, SCIENCE, V352, P712, DOI 10.1126/science.aad8373, DOL 2016 94.79 2017 2021 P Ry
Keren-Shaul H, 2017, CELL, V169, P1276, DOI 10.1016/j.cell.2017.05.018, DOIL 2017 159.99 2019 2022 B e —
Krasemann S, 2017, IMMUNITY, V47, P566, DOI 10.1016/j.immuni.2017.08.008, DOIL 2017 96.85 2019 2022 e
Liddelow SA, 2017, NATURE, V541, P481, DOI 10.1038/nature21029, DOI 2017 84.19 2019 2022 N —
Hansen DV, 2018, J CELL BIOL, V217, P459, DOI 10.1083/jcb.201709069, DOL 2018 75.77 2020 2023 e ——
Leng FD, 2021, NAT REV NEUROL, V17, P157, DOI 10.1038/s41582-020-00435-y, DOL 2021 151.34 2022 2025 s
Kwon HS, 2020, TRANSL NEURODEGENER, V9, P0, DOI 10.1186/s40035-020-00221-2, DO 2020 68.21 2022 2025 i e—
Paolicelli RC, 2022, NEURON, V110, P3458, DOI 10.1016/j.neuron.2022.10.020, DOL 2022 82.56 2023 2025 e
Figure 7 Top 25 References with the Strongest Citation Bursts.
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Mid stage (2013-2017): Keywords such as “mild cognitive impairment”, “transgenic mice”, “apolipoprotein E” and
“genome-wide association” began to emerge and increase in frequency, reflecting a shift from the singular “inflammatory
hypothesis” towards genetic and molecular pathways more closely linked to AD. Terms such as “synaptic plasticity” and
“mechanisms” also became more prominent, indicating a growing interest in neuron—microglia interactions and synaptic
regulation.

Recent stage (2018-2025): Terms such as “oxidative stress”, “A beta”, “positron emission tomography (PET)”,
“multiple sclerosis” and “Parkinson’s disease” suggest increasing cross-talk among AD, other neurodegenerative condi-
tions and various imaging techniques. “Alzheimer’s disease” remains a dominant term, indicating a continued central
focus. Newly emerging clinical trials and multimodal imaging approaches (eg PET) reflect efforts to establish more
precise clinical correlations between microglial function and AD pathology.

Overall, the timeline view suggests that early microglia research focused on fundamental pathology and immune
function, later expanding to encompass molecular mechanisms, gene pathways and various neurodegenerative disorders,

and more recently intersecting with clinical imaging and pharmacological interventions.

Keyword Clustering View
As shown in Figure 9, the clustering results generated by CiteSpace (using LLR or tf*idf algorithms) reveal several major
clusters with high Silhouette values, indicating strong intra-cluster cohesion and clear differentiation among clusters.
Notable large clusters include the following:

#0 BBB: Explores the BBB’s crucial role in regulating central inflammation and molecular permeability. This cluster
is closely associated with early AD pathology and microglial inflammatory responses that cross the barrier.

#1 multiple sclerosis: Reflects the expansion of microglial research beyond AD to include other neurodegenerative
and autoimmune diseases, emphasising the broad relevance of neuroimmunological insights.
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Figure 9 Keyword clustering analysis.
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#2 NLRP3 inflammasome: Highlights growing interest in the relationship between the NLRP3 inflammasome and
microglial activation. Inflammatory pathways involving microglia are a key mechanism in AD-related neuroinflammation
and degeneration.

#8 transgenic mice and #9 synaptic plasticity: Represent the extensive use of transgenic animal models to
simulate AD pathology, alongside investigations into synaptic plasticity and damage as critical factors in disease onset
and progression.

#11 TREM2: A more recent hotspot cluster, indicating the association between TREM2 gene mutations, microglial
dysfunction and AD pathogenesis.

#14 genome-wide association, #12 neurodegenerative diseases, #13 mechanisms, #15 Alzheimer’s disease and others:
These clusters focus on genome-wide association studies, broader neurodegenerative conditions, molecular mechanisms
and AD pathology, serving as central areas of research in the field.

Keyword Burst Analysis
Figure 10 shows that many keywords began their burst period around 2010 (eg “in vivo”, “nitric oxide synthase”,

LEINT3 EEINT3

“central nervous system”, “microglia”, “transgenic mice”), attracting widespread attention between 2010 and 2015. More

Top 25 Keywords with the Strongest Citation Bursts

Keywords Year Strength Begin End 2010 - 2025
in vivo 2010 55.99 2010 2017  — —
nitric oxide synthase 2010 5148 2010 2010  —
central nervous system 2010 42 2010 2015  — -
nonsteroidal antiinflammatory drugs 2010 38.04 2010 2015  —
nitric oxide 2010 33.83 2010 2014  —
substantia nigra 2010 3244 2010 2015 —
microglial cells 2010 29.73 2010 2016
transgenic mice 2010 28.56 2010 2016
neurotoxicity 2010 25.58 2010 2016
interferon gamma 2010 25.03 2010 2014 —
amyloid precursor protein 2010 22.12' 2010 2014 % — .
in vitro 2010 21.84 2010 2017  p—
activated microglia 2010 21.67 2010 2019  —
nadph oxidase 2010 21.09 2010 2015  —
necrosis factor alpha 2010 20.16 2010 2014  — E——
precursor protein 2010 18.37 2010 2015
experimental autoimmune encephalomyelitis 2010 18.11 2010 2018
inflammatory response 2010 173 2010 2017 re—— —
amyloid deposition 2013 18.45 2013 2015 e
nf-kappa 2015 19.24 2015 2019 e ——
disease 2020 73.94 2020 2021 e
gut microbiota 2020 21.57 2020 2022 —
alzheimers disease 2022 27.5 2022 2023 ra—
tau 2014 26.23 2022 2025
mechanism 2023 17.35 2023 2025 i

Figure 10 Top 25 Keywords with the Strongest Citation Bursts.

Journal of Multidisciplinary Healthcare 2025:18 hetps: 5927



Wang et al

recently, high-burst keywords have emerged, including “s disease” (starting in 2020), “gut microbiota” (2020), “alzhei-
mer’s disease” (2022), “tau” (2022) and “mechanism” (2023), indicating renewed research interest after 2020.

Early high-intensity bursts: “in vivo” (55.99), “nitric oxide synthase” (51.48), “central nervous system” (42).

Recent attention: “s disease” (potentially a variant or database indexing term for “AD”) showed a burst strength of
73.94 (2020-2021).

Burst duration: Most keywords that began around 2010 continued until 20142017, reflecting their substantial impact
during that period. Newly emerging terms such as “alzheimer’s disease” (2022-2023), “tau” (2022-2025) and “mechan-
ism” (2023-2025) have shown strong bursts in recent years.

Discussion

Multiple Dimensions of Accelerating Microglia Research

Our findings indicate that annual publication volume has increased significantly over the past decade, peaking between
2020 and 2022 and remaining consistently high thereafter. This surge aligns with several landmark discoveries and
methodological advances, including breakthroughs in single-cell sequencing technologies that enabled unprecedented
resolution of microglial subtypes, the identification of novel genetic risk factors such as TREM?2 and APOE variants, and
major progress in understanding the mechanistic interplay between microglia, tau pathology and neuroinflammation.”'->*
In addition, the growing prevalence of AD, driven by a globally ageing population, has compelled researchers to direct
more resources towards early intervention and precision therapies for neurodegenerative diseases.’> Against this back-
drop, microglia, as key mediators of CNS immune responses and microenvironmental regulation, have increasingly
drawn attention from research teams and biotech enterprises alike.

International Collaboration and the Formation of Research Clusters

The national collaboration network highlights the leadership of the US and China in this field, with Europe (the UK,
Germany, France) and other countries (Japan, Canada) forming another strong pillar, reflecting a multipolar global
research landscape. Compared with earlier studies, the US has long held a leading position at the intersection of
neuroscience and immunology, supported by agencies such as the NIH.?® Over the past decade, China has made
substantial investments through programmes such as the “973 Projects”, the National Natural Science Foundation and
various brain science initiatives, catalysing rapid growth in microglia- and neuroinflammation-related research.>*
European nations, supported by well-established research platforms (eg Germany’s Helmholtz Association, France’s
Inserm and the University of London in the UK), are increasingly engaging in broader cross-regional cooperative
networks with the US and China.>

Nevertheless, some degree of “regional clustering” remains evident, suggesting that although cross-border co-
authorship has intensified, differences in academic culture and resource allocation may still pose barriers. Specifically,
European and North American institutions often benefit from established funding mechanisms, robust regulatory frame-
works and stable research infrastructures. In contrast, emerging research regions such as Asia—Pacific countries tend to
rely more heavily on government policies and targeted funding initiatives, which may cause variability in research
continuity and thematic priorities.**>> To address these challenges, explicit policies promoting data standardisation, open
resource-sharing platforms and international collaborative frameworks should be encouraged.

Author-level analyses show that prolific and highly cited researchers - Holtzman, Heneka, Zetterberg, Haass,
Colonna, among others - are recognised for their pioneering contributions to Af metabolism, TREM2 pathways and
neuroinflammatory regulation. Heneka’s team contributed foundational work on the NLRP3 inflammasome in AD,*-%>7
which shifted the field’s understanding of microglia-mediated inflammation as a therapeutic target substantially.
Colonna’s group systematically examined how T7REM2 gene mutations affect microglial function and AD

58,59

susceptibility, providing critical evidence for the role of innate immunity and lipid sensing in microglial activity.

More recent contributors, such as Saito, Saido, Leng and Paolicelli, tend to focus on advanced methodologies (eg single-
cell sequencing, spatial omics, gene editing) and emerging molecular targets (TREM2, APOE, tau), reflecting the field’s

growing reliance on interdisciplinary collaborations and innovative technologies.®*°'
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Intersection and Deepening of Microglial Mechanisms
Early studies described microglia as “protectors” responsible for clearing A deposits.®? Later, researchers recognised
their dual role: they may provide neuroprotection through AP phagocytosis or contribute to neuronal damage when
overactivated or dysfunctional, leading to chronic inflammation.®® Between 2013 and 2015, Heneka et al emphasised
inflammatory cascades as a significant contributor to AD pathogenesis, demonstrating that highly activated microglia
secrete inflammatory mediators that result in synaptic injury and neurodegeneration.***¢>

More recent findings further indicate that microglial phenotypes dynamically shift across the stages of AD progression.
In the early stages, microglia predominantly exhibit protective profiles associated with enhanced phagocytosis and debris
clearance. As the disease advances, however, prolonged pathological stimuli (eg aggregated tau, persistent amyloid) drive
microglia towards a pro-inflammatory state, characterised by excessive cytokine release, impaired clearance capacity and
synaptic pruning dysfunction - factors that ultimately exacerbate neuronal damage and cognitive decline.*’-*¢

With the emergence of genome-wide association studies and single-cell omics, key molecular pathways involving
TREM2, NLRP3 and APOE have gained prominence in AD risk research.®®®” For example, TREM2 variants have been
directly linked to altered microglial metabolism and reduced phagocytic capacity, whereas excessive activation of the
NLRP3 inflammasome contributes to sustained inflammation and neuronal damage, highlighting both as critical
therapeutic targets. TREM2 mutations significantly increase susceptibility to both early-onset and sporadic AD by
influencing microglial phagocytosis, inflammasome activity and migration.®”-°® The chronic activation of the NLRP3
inflammasome, which is linked to chronic brain inflammation and neuronal loss, has prompted investigations into NLRP3
inhibitors and blockade strategies.®® In addition, APOE, a key regulator of lipid metabolism and AP deposition, has been
shown to interact with microglial activation patterns.”®

Keyword Evolution: From Single Pathological Hypothesis to Multisystem Interactions
The evolution of keywords, from a single pathological hypothesis to a multisystem perspective, also emerges from the
timeline and clustering analyses. Initially, microglia research was predominantly concerned with the AB-centric model.
Over time, insights into genetic risk factors (eg APOE, TREM?2) and inflammatory cascades (eg NLRP3 inflammasome)
reshaped scientific consensus, leading to broader integrative approaches involving peripheral immunity, gut-brain axis
interactions and systemic inflammation.>'-¢’

Emerging research areas such as the gut-brain axis have gained prominence, driven by evidence indicating that gut
microbiota dysbiosis can modulate systemic inflammatory signalling via microbial metabolites, cytokines and peripheral
immune cells. These mechanisms influence microglial activation states and may ultimately alter the trajectory of AD
progression.”’ Additionally, cutting-edge technologies such as CRISPR-based genome editing have begun facilitating the
precise manipulation of microglia-associated genetic pathways (eg TREM2, APOE) in animal models, advancing our
mechanistic understanding and therapeutic targeting potential substantially. Spatial transcriptomics has also emerged as
a pivotal tool, allowing researchers to visualise spatially resolved microglial activation patterns and their interactions
with amyloid plaques, tau pathology and synaptic dysfunction across disease stages.

For example, the rise of the keyword “blood—brain barrier” underscores the interplay between peripheral immunity and
the CNS, as well as the crucial role of BBB permeability in disease progression.®’ Similarly, “gut microbiota” has recently
become a high-burst keyword, suggesting that gut dysbiosis may influence the cerebral inflammatory environment through
immunological axes.’ ! Furthermore, multiple neurodegenerative diseases (eg Parkinson’s disease, multiple sclerosis) share
overlapping microglial activation mechanisms, drawing increased attention to cross-disease comparisons.'* These findings
suggest that future microglia-targeting strategies may incorporate not only conventional anti-Af or anti-inflammatory
therapies but also approaches focused on gut flora regulation, systemic immune modulation and personalised genomic data.

Clinical Implications and Future Outlook

Based on the aforementioned evidence, interventions targeting microglial function are gradually advancing into transla-
tional research. Examples include monoclonal antibodies, TREM?2 agonists or inhibitors, and NLRP3 inhibitors, some of
which have shown promise in preclinical or early-phase clinical trials.”'”’* Nevertheless, several challenges remain:
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Subtype specificity: Microglia exhibit functional diversity across different disease stages or brain regions, necessitat-
ing refined approaches to identify and regulate specific subtypes.”

Peripheral—central immune interplay: Changes in BBB permeability and the migration of peripheral immune cells
may influence therapeutic efficacy.”*

Potential risks and failures: The clinical translation of microglial therapies faces considerable challenges, such as off-
target immune modulation, potential neurotoxicity and disappointing outcomes in early-phase clinical trials, emphasising
the need for cautious, stepwise clinical development strategies.”

Personalised therapy: Ongoing trials targeting TREM2-specific patient populations (eg AL002, a TREM2-activating
antibody trial) represent tangible applications of precision medicine, aiming to tailor therapies based on individual
genetic risk profiles.”®

Recently reported clinical trials have highlighted both promise and caution. For example, the monoclonal antibody
ALO002, which targets TREM2 activation, is currently undergoing Phase II clinical evaluation to assess efficacy in
genetically stratified patient populations. Likewise, small-molecule inhibitors targeting the NLRP3 inflammasome path-
way (eg MCC950 and related compounds) have demonstrated significant reductions in neuroinflammation and cognitive
deficits in preclinical models. However, translating these promising results into clinical settings presents challenges,
including concerns around safety profiles and pharmacokinetic optimisation.”> Thus, careful patient stratification,
rigorous safety monitoring and adaptive trial designs are critical components in the successful clinical development of
microglia-targeted therapies.

Hence, more systematic preclinical studies and extensive multicentre clinical trials are needed to determine whether
regulating microglial function can provide safe and meaningful therapeutic benefits across different stages of AD.
Multidisciplinary and international collaborations remain crucial, enabling the integration of foundational science with
advanced methodologies and leveraging multicentre cohorts and multidimensional databases to build a more robust
evidence base. Future clinical research should prioritise the development of standardised biomarker criteria for microglial
activation and treatment response, thereby supporting the design of more targeted and effective clinical interventions.

Limitations and Future Prospects of This Study

Although this study employs bibliometric analysis based on the WoS database and covers a broad scope, certain
limitations remain due to database update frequency, language filters and possible omissions. Specifically, the exclusive
use of the WoS Core Collection may introduce database bias, potentially excluding relevant grey literature, conference
proceedings and preprints that may contain emerging data or preliminary findings not yet formally published.
Additionally, limiting the search to English-language publications may further restrict comprehensiveness by overlooking
important non-English-language studies, particularly those published in other major research languages. The data for
20242025 are still subject to ongoing indexing, which may lead to partial trend representation.

Moreover, bibliometric analysis provides only a quantitative snapshot of research hotspots and trajectories. A deeper
understanding of underlying mechanisms and clinical relevance requires continued original experimental work and
clinical trials.

Overall, research on microglia and AD is rapidly expanding into a broader neuroimmune and cross-system regulatory
domain. By integrating multiple technological layers, such as genomics, proteomics, immunomics and pharmacology,
future breakthroughs in the prevention and treatment of neurodegenerative diseases appear likely. Future bibliometric
studies should consider incorporating multiple databases, grey literature, preprints and non-English-language publications
to offer a more comprehensive and representative view of the evolving research landscape.

Conclusion

Recent advances underscore the critical role of microglia in AD pathogenesis, spanning multiple molecular pathways,
diverse functional states and complex interactions between central and peripheral immunity. Unlike previous bibliometric
analyses that primarily described quantitative trends, this study uniquely integrates citation network dynamics with
thematic evolution, revealing how specific discoveries and methodologies (eg single-cell sequencing, TREM2 signalling,
gut microbiome research) have reshaped the research landscape and influenced patterns of collaboration.
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Clinically, the growing understanding of microglial heterogeneity and immune regulation presents novel therapeutic
opportunities, such as targeting TREM2 signalling or modulating peripheral inflammation through microbiota-based
interventions. However, considerable challenges remain, including the need to ensure subtype specificity, reduce off-
target effects and address variability in therapeutic responses caused by genetic and environmental factors.

Future research should aim to clarify the mechanisms underlying microglia—peripheral immune interactions, system-
atically assess microbiome-based strategies and rigorously validate these approaches through multicentre clinical trials.
Strengthened international collaboration, supported by standardised frameworks for data sharing and methodological
harmonisation, will be vital to accelerate the translation of microglia-targeted research into meaningful clinical outcomes.
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