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Abstract: Objective: This study aimed to systematically map the global research landscape at the inter-
section of gut microbiota and cognitive-academic traits, highlighting publication trends, collaboration net-
works, research hotspots, and thematic gaps to support future interdisciplinary investigations. Methods: We
conducted a comprehensive bibliometric analysis of publications retrieved from the Web of Science Core
Collection (2000-2025) using a predefined topic search strategy covering gut microbiota and cognitive-ac-
ademic terms. Data on publication year, authors, affiliations, journals, citations, and keywords were extract-
ed and analyzed using VOSviewer, CiteSpace, and the Bibliometrix R package to visualize collaboration
patterns, keyword trends, and thematic evolution. Results: A total of 67 relevant articles were identified.
Annual publications have steadily increased since 2015, with a notable rise after 2020, although most stud-
ies focus on disease contexts, particularly neurodegenerative disorders and neuroinflammation. Research
directly addressing academic performance, learning ability, or discipline-specific cognitive styles remains
sparse. China and the United States lead in output, but international and cross-disciplinary collaborations
are limited. Keyword analysis revealed dominant themes related to the gut-brain axis and oxidative stress,
with minimal focus on educational traits. Conclusion: This study provides the first quantitative synthesis of
global research trends on gut microbiota and cognitive-academic traits. Findings highlight the need for em-

pirical studies and cross-sector collaboration to explore the role of gut microbiota in learning and cognition,

offering a foundation for future personalized education and cognitive intervention strategies.

1. Introduction

The human gut microbiota plays a vital role in maintaining host health by par-
ticipating in various physiological processes, including digestion, metabolism,
immune modulation, and neuroregulation'. In recent years, the concept of the
gut-brain axis has attracted increasing attention, highlighting the bidirectional
communication between the gut microbiota and the central nervous system'”.
A growing body of evidence suggests that alterations in gut microbiota com-
position can influence brain function, emotional states, and cognitive perfor-
mance through mechanisms involving immune pathways, neuroinflammatory
responses, and microbial metabolites'™ *. Most studies to date have focused on
the association between gut microbiota dysbiosis and neurodegenerative disor-
ders such as Alzheimer’s disease, Parkinson’s disease, and multiple sclerosis,
as well as psychiatric conditions including depression and anxiety". These in-
vestigations have deepened our understanding of the microbiota’s role in brain
health and disease, and have spurred interest in microbiota-targeted interven-
tions for neuropsychiatric disorders.

Despite substantial progress in elucidating the link between gut microbiota
and brain disorders, much less is known about its role in non-disease contexts
such as daily cognitive function, learning ability, and academic performance'
71, Existing research has largely concentrated on pathological conditions, while
potential contributions of the gut microbiota to individual differences in aca-
demic traits or cognitive styles—including discipline-specific tendencies (e.g.,
science versus humanities learning)—remain largely unexplored. Given that
cognitive traits and academic abilities are shaped by complex neurobiological
and environmental factors'®, the gut microbiota may represent an overlooked
modulator that merits systematic investigation.

Given the interdisciplinary nature of gut microbiota research—spanning mi-
crobiology, neuroscience, psychology, nutrition, and education'”—there is
an urgent need for a systematic overview of the literature to identify research
trends, hotspots, and gaps. The rapid growth of publications across these do-
mains has led to a fragmented knowledge base with limited integration of find-
ings from different disciplines'"”. Bibliometric analysis offers a quantitative
and visual approach to map the development of this emerging field, revealing
patterns of international collaboration, author and institutional networks,
thematic evolution, and underexplored areas. Such analysis is particularly
valuable for highlighting the lack of synergy between biomedical studies on
gut microbiota and investigations related to cognitive function, academic
performance, and learning traits"". A comprehensive bibliometric study can
therefore inform future interdisciplinary research and promote more cohesive
cross-sector collaboration.

In this study, we conducted a comprehensive bibliometric analysis to map
the global research landscape at the intersection of gut microbiota and cogni-
tive-academic traits. Our aim was to characterize publication trends, country
and institutional contributions, author collaborations, journal distribution,
research hotspots, and thematic evolution over time. By quantitatively syn-
thesizing these features, we sought to highlight the current state of the field,
identify knowledge gaps, and provide a data-driven foundation for future inter-
disciplinary investigations. We particularly hope to support emerging research
on how gut microbiota may relate to learning ability, academic performance,
and discipline-specific cognitive styles, thereby promoting dialogue between
biomedical and educational sciences. To guide this investigation, we posed the
following research questions: 1. What are the global trends, thematic focuses,
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and knowledge gaps in research at the intersection of gut microbiota and cog-
nitive-academic traits? 2. Who are the key contributing countries, institutions,
authors, and journals in this interdisciplinary field, and how are their collabo-
ration networks structured? 3. To what extent does current research integrate
biomedical and educational perspectives, and what are the opportunities for
future cross-sector collaboration?

2. Methodology

2.1. Data Source and Search Strategy

A comprehensive literature search was conducted in the Web of Science Core
Collection database on July 6, 2025, aiming to identify publications related
to gut microbiota and cognitive-academic traits. The following topic search
formula was used: TS = ((gut microbiota OR gut microbiome OR intestinal
microbiota OR gut microflora OR intestinal flora) AND (“academic perfor-
mance” OR “school achievement” OR “learning ability” OR “STEM learning”
OR “mathematics learning” OR “science learning” OR “arts education” OR

“language learning” OR “academic discipline” OR “cognitive function” OR
cognition OR “executive function” OR memory OR attention)). The search
covered all document types and languages, with a publication period from Jan-
uary 1, 2000 to July 1, 2025.

2.2. Inclusion and Exclusion Criteria

Two independent reviewers screened the retrieved records for relevance.
Studies were included if they primarily focused on gut microbiota and its rela-
tionship with cognitive, academic, or learning-related traits. Publications that
mentioned these topics superficially without substantive focus were excluded.
Disagreements were resolved by discussion or consultation with a third re-
viewer.

2.3. Data Extraction and Processing

The metadata of included publications—including title, authors, affiliations,
year, document type, journal, citation counts, and subject categories—were
exported in plain text and tab-delimited formats from Web of Science. Data

A14

Publications
)
1

2000 2010 2011 2012 2013 2014 2015 2016

I Publications

AU AU_UN

.[i zhiwei

. mei jingtao

E]yang licong

ding'ning ‘

-

lizhigang

-

hao xin

=

\

zhang yue

li'yiran

EDI:II

2017

china academy of chinese medic}saencgs

fuzhou university,

- 260

240

220

200

180

|- 160

140

120

suoneno

- 100

{80

2018 2023 2024 2025

Il citations

2019 2020 2021 2022

journal of ethnopharmacology.
beijing university of.chinese medicine

brain behawor)a/nd |mmumtyl

LN / -

,front|ers||n'neurosc|ence I::I

iomedicine,& phar acotherapy.

rontiers in aging'neuroscience.

bmc neurology:

R
N

-

chinese academy;of medical SCIEI bielg Q@E’e’eseaﬁch °'hEL‘-'_l'.5J5‘9.ge
/ clinical nutrition [l

taizhou hospital’of Zhejl ng province affiliated:to' wenzhou medical university

the ohio state un verslty wexner medical center

Dgachon umverslt

\

chlna t|beto|ogy fesearch/center

Dchma ;apan union hospital of jilin university

D]langnan university,

|:| university ofvillinois chlcago

C—king'saud-niversit:
==north carolina state university

Figure 1. Annual publication and citation trends and author-institution-journal collaboration network in gut microbiota and
cognitive-academic research from 2015 to 2025. (A) The purple bars represent the annual number of publications related to gut mi-
crobiota and cognitive-academic traits. The number of publications began to increase noticeably after 2015, with rapid growth observed
from 2020 onwards. The dark blue line indicates the annual citation counts, peaking in 2023, reflecting heightened academic attention
in recent years. (B) Sankey diagram illustrating the relationships among prolific authors (AU, left), their affiliated institutions (AU _
UN, middle), and the journals in which they published (SO, right). The size of each rectangle corresponds to the publication volume.
Key institutional clusters are visible around Beijing University of Chinese Medicine, China Academy of Chinese Medical Sciences, and
Fuzhou University, with frequent publication in journals such as Journal of Ethnopharmacology, Brain Behavior and Immunity, and

Frontiers in Neuroscience.
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were organized and cleaned using Microsoft Excel 2019. Publication types
were categorized into original articles, reviews, and other types.

2.4. Bibliometric Tools and Visualization

The following tools were used for bibliometric analysis and visualization:
VOSviewer (version 1.6.17) for co-authorship networks, institutional collab-
orations, and keyword co-occurrence mapping. CiteSpace (version 6.1.R6)
for detecting burst keywords, reference co-citation clusters, and thematic
evolution. R (version 4.2.1) with the Bibliometrix package for plotting annual
trends, Sankey diagrams, and thematic maps. The analysis included: Annual
publication and citation trends,Country and institutional contributions;Author
and collaboration network mapping;Subject category and journal distribu;Key-
word frequency, co-occurrence, and temporal dynamics;Figures were exported
in TIFF or PDF formats at high resolution for publication quality.

2.5. Ethical Considerations
This study did not involve human participants or animal experiments and
therefore did not require ethical approval.

2.6. Limitations of Data Source

Only the Web of Science Core Collection was used as the data source. Publica-
tions not indexed in this database (e.g., regional journals, preprints) may have
been excluded.

3. Results
According to the retrieval strategy, a total of 67 articles were searched from
A
FRONTIERS IN NEUROSCIENCE
INTERNATIONAL JOURNAL OF MOLECULAR SCIENCES
NUTRIENTS
BRAIN BEHAVIOR AND IMMUNITY
FRONTIERS IN AGING NEUROSCIENCE
GUT MICROBES
JOURNAL OF ETHNOPHARMACOLOGY
NEUROPSYCHIATRIC DISEASE AND TREATMENT
ACTA BIOCHIMICA ET BIOPHYSICA SINICA
AMERICAN JOURNAL OF CLINICAL NUTRITION
B 0 05

~O- FRONTIERS IN NEUROSCIENCE O~ INTERNATIONAL JOURNAL OF MOLECULAR SCIENCES

the Web of Science Core Collection database.

3.1. Analysis of annual publication trends and the relationships among au-
thors (AU), affiliated institutions (AU_UN), and publication journals (SO)
The annual number of publications and citation trends reflect the development
and scholarly attention in the field of gut microbiota and cognitive-academic
research (Figure 1A). Between 2015 and 2025, the number of publications
showed an overall upward trajectory, with noticeable acceleration after 2020.
The annual citation counts also increased during this period, peaking in 2023,
suggesting that the topic has garnered growing academic interest in recent
years. However, while the volume of publications expanded, much of the
research remained concentrated on disease-related contexts, such as neurode-
generative disorders and cognitive impairment, rather than directly addressing
educational or learning performance in everyday settings. This indicates that
although the field is active, research targeting the intersection of gut microbio-
ta and academic traits or discipline-specific learning remains sparse.

The relationships among prolific authors (AU), their affiliated institutions (AU_
UN), and the journals (SO) where they published are visualized in the Sankey
diagram (Figure 1B). The left side of the diagram presents leading authors,
with the size of each rectangle proportional to their publication output. The
middle section represents their institutions, including key contributors such as
Beijing University of Chinese Medicine, China Academy of Chinese Medical
Sciences, and Fuzhou University. The right side displays the journals where
these works appeared, notably Journal of Ethnopharmacology, Brain Behavior
and Immunity, and Frontiers in Neuroscience. The connections illustrate com-
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Figure 2. Distribution and temporal trends of top journals publishing gut microbiota and cognitive-academic research from
2015 to 2025. (A) Bar chart illustrating the publication counts of the top journals contributing to gut microbiota and cognitive-academic
research. Frontiers in Neuroscience, International Journal of Molecular Sciences, and Nutrients were the most prolific, each publishing
three articles. Other active journals included Brain Behavior and Immunity, Frontiers in Aging Neuroscience, Gut Microbes, Journal of
Ethnopharmacology, and Neuropsychiatric Disease and Treatment with two publications each. (B) Line chart showing the cumulative
publication trends of the top journals over time. International Journal of Molecular Sciences and Nutrients displayed early and sustained
increases, while Frontiers in Neuroscience and Journal of Ethnopharmacology exhibited growth primarily from 2021 onwards, reflect-

ing emerging interest in this interdisciplinary topic.
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plex many-to-many relationships, with several institutions publishing across
multiple journals and authors often collaborating within regional or institu-
tional clusters. The collaboration patterns reflected in this diagram suggest that
while certain research hubs have formed, particularly within China, the field
lacks extensive international or cross-disciplinary collaboration—especially
between biomedical and educational research domains. This highlights a sig-
nificant gap and opportunity for future integrative research linking gut micro-
biota to academic discipline-specific traits.

3.2. Journal distribution and publication trends in gut microbiota and
cognitive-academic research

Among the gut microbiota and cognitive-academic related publications from
2015 to 2025, the top journals with the highest publication counts are shown in
Figure 2A. These include Frontiers in Neuroscience, International Journal of
Molecular Sciences, and Nutrients, each contributing three articles. Other ac-
tive journals, such as Brain Behavior and Immunity, Frontiers in Aging Neuro-
science, Gut Microbes, Journal of Ethnopharmacology, and Neuropsychiatric
Disease and Treatment, each published two articles. As depicted in Figure 2B,
the cumulative publication trends of the top journals show that International
Journal of Molecular Sciences and Nutrients have demonstrated relatively
early and steady contributions to this field. Frontiers in Neuroscience and
Journal of Ethnopharmacology showed increased output primarily after 2021,
reflecting emerging scholarly interest in the intersection between gut microbi-
ota and cognitive-academic traits. However, overall publication volume across
journals remains modest, highlighting that this research area is still in its early
stages of development, with limited cross-disciplinary integration between
biomedical and educational fields.
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3.3. Contribution of countries and authors

A total of 33 countries contributed to publications on gut microbiota and aca-
demic discipline-related research (Figure 3A). The leading contributors were
China (accounting for 39.71% of the total publications), followed by the Unit-
ed States (18.66%) and India (11%). Other countries with notable output in-
cluded South Korea (6.22%), Iran (5.74%), and Ecuador (2.39%), as shown in
Figure 3B. Although multiple countries have engaged in this research area, the
global distribution is highly uneven, with most publications concentrated in
a few countries and relatively limited international collaboration. To identify
prolific researchers, we ranked the top 10 authors by publication count (Figure
3C). The most productive authors each contributed between two and three arti-
cles, including Ding Ning, Hao Xin, Li Zhigang, and Zhang Yue. As shown in
Figure 3D, the publication activity of these authors mainly began after 2019,
with output levels remaining modest and relatively stable in recent years. This
pattern reflects that while interest in the intersection of gut microbiota and
academic disciplines is emerging, research efforts remain fragmented, and in-
fluential core author groups or international teams have yet to form.

3.4. Countries and authors cooperation

Based on the data, we analyzed the patterns and trends of global research co-
operation in gut microbiota and academic performance studies. As shown in
Figure 4A, China and the United States are the leading contributors in terms
of publication volume. However, international collaborations appear largely
concentrated around these two major contributors, with additional but more
modest involvement from countries such as India, Australia, and European
nations. Despite participation from multiple countries, collaboration patterns
remain regionally clustered, and extensive cross-national partnerships are still
limited. Figure 4B displays the annual publication output by country. China
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Figure 3. Geographic and author-based contributions to gut microbiota and academic discipline-related research. (A) World
map depicting the global distribution of publications on gut microbiota and academic discipline-related topics. Darker shading indicates
higher publication output, with China and the United States emerging as the leading contributors, followed by India, South Korea, and
Iran. (B) Pie chart illustrating the proportional contribution of the top 20 countries to the total publication output. China accounted for
the largest share (39.71%), followed by the USA (18.66%) and India (11%). Other notable contributors included South Korea (6.22%),
Iran (5.74%), and Ecuador (2.39%). (C) Bar chart displaying the top 10 most productive authors in the field, each contributing between
2 to 3 publications. Authors such as Ding Ning, Hao Xin, Li Zhigang, and Zhang Yue were among the most prolific. (D) Timeline of an-
nual publication activity for the top 10 authors between 2019 and 2025. Each point represents the number of publications per year, with
most top authors beginning to contribute within the last five years and showing similar levels of output.
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consistently maintained the highest number of publications each year from
2015 to 2025, followed by the United States. Over time, there has been a grad-
ual increase in the diversity of contributing countries, with newer contributions
from the UK, Singapore, Bangladesh, and others. This reflects growing but
still fragmented international interest in this interdisciplinary field. To further
explore cooperation patterns, the co-authorship network of researchers was vi-
sualized using VOSviewer (Figure 4C). In the network graph, nodes represent
individual authors, with node size proportional to publication output, and the
thickness of connecting lines indicating co-authorship strength. Several dis-
tinct clusters emerged, primarily representing teams from China, South Korea,
and other regions. These clusters demonstrate active intra-group collaboration
but relatively weak links between groups, underscoring the absence of strong
international or cross-disciplinary research networks at the author level.

3.5. Citation analysis

The top 10 most cited publications on gut microbiota and cognitive-academ-
ic related research are listed in Table S1. As shown in the table, the citation
counts of these articles range from 19 to 54. The most cited paper, published in
Experimental Gerontology in 2022, explored the anti-aging effects of phlorizin
through antioxidant, anti-inflammatory, and gut microbiota-regulating mecha-
nisms, and has been cited 54 times. Other highly cited works focused predom-
inantly on neurodegenerative disease models and the gut-brain axis, including
studies on amyloid accumulation, neuroinflammation, and the role of gut mi-
crobiota in Alzheimer’s disease pathology. Notably, only one top-cited article
directly addressed academic performance: a randomized placebo-controlled
trial published in Gut Microbes in 2022, which reported that Lactobacillus
rhamnosus CNCM 1-3690 reduced subjective academic stress in healthy adults
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(22 citations). Overall, citation patterns indicate that the majority of influential
studies in this field have concentrated on disease-related contexts and the gut-
brain axis, with relatively few high-impact studies targeting educational or
cognitive performance under non-disease conditions. This highlights the na-
scent nature of research at the intersection of gut microbiota and academic or
learning traits.

3.6. Keyword analysis: disease-focused hotspots dominate, but interdisci-
plinary opportunities are emerging

Keywords are the core elements reflecting the thematic focus of publications.
To explore the research landscape and evolving trends in gut microbiota and
academic performance studies, we analyzed the keywords and extended key-
words of included articles. As shown in Figure 5A, the core keywords over
2021-2025 primarily revolved around gut microbiota, brain, oxidative stress,
probiotics, inflammation, and chain fatty-acids. These terms reflect the domi-
nant research themes that link gut microbiota with neurocognitive mechanisms
and health-related outcomes. A marked peak in keyword usage appeared in
2022, after which there was a slight decline and diversification of topics. This
pattern suggests that initial scholarly enthusiasm around core health-related
mechanisms has somewhat dispersed, with emerging but still limited interest
in broader interdisciplinary topics. Figure 5B illustrates the trends of extended
keywords. Highly prominent terms included alzheimer’s disease, neuroin-
flammation, cognitive function, intestinal flora, and notably, students. The ap-
pearance of students alongside traditional neurocognitive and disease-related
terms reflects early but growing recognition of potential connections between
gut microbiota and educational or learning-related traits. However, the data
also clearly demonstrate that the majority of research remains concentrated on
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Figure 4. Global and author-level collaboration patterns in gut microbiota and academic performance research. (A) World map
illustrating the geographic distribution of publications and collaborative activity among countries in this field. Darker shading indicates
higher publication output, with China and the United States leading in productivity. The map suggests that international collaborations
are primarily centered around these major contributors, with additional involvement from countries such as India, Australia, and sev-
eral European nations. (B) Stacked bar chart showing the annual publication output by country from 2021 to 2025. China consistently
produced the highest number of publications each year, followed by the United States. The diversity of contributing countries increased
over time, with recent involvement from the UK, Singapore, Bangladesh, and other nations. (C) Author co-authorship network visual-
ized by VOSviewer. Each node represents an individual author, with node size proportional to publication output. The thickness of the
connecting lines reflects co-authorship strength. Several distinct clusters are evident, corresponding to research teams primarily from
China, South Korea, and other regions, indicating active intra-group collaboration but relatively limited inter-cluster cooperation.
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disease contexts—especially neurodegenerative conditions and inflammation
pathways—with minimal high-impact exploration of direct links to academic
performance, learning styles, or discipline-specific traits. Overall, the key-
word trends highlight that while the gut microbiota—brain-health axis is well
established as a research focus, the integration of educational, cognitive, and
academic performance perspectives remains at an early stage. This gap under-
scores both the novelty and the opportunity for future work aiming to bridge
gut microbiota research with educational sciences and cognitive development.

4. Discussion

This bibliometric analysis revealed that global research on the gut microbiota
and cognitive-academic traits has shown a steady increase in publication vol-
ume over the past decade. However, the vast majority of studies have focused
on disease-related contexts, particularly neurodegenerative disorders such
as Alzheimer’s disease, Parkinson’s disease, and conditions associated with
neuroinflammation, oxidative stress, and depression. In contrast, research on
non-disease contexts—such as learning ability, academic performance, and
discipline-specific cognitive styles—remains scarce and fragmented. There is
a notable absence of systematic frameworks addressing how the gut microbi-
ota may influence educational or psychosocial outcomes. This gap highlights
the underdevelopment of cross-disciplinary research integrating microbiolo-
gy, neuroscience, psychology, and education. Our analysis also revealed that
research output is highly concentrated in a few countries, with China and the
United States leading by a significant margin. International collaborations, as

@stacked Ostream  OExpanded
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well as partnerships that bridge biomedical and educational disciplines, remain
limited. Thematic hotspots identified in keyword and trend analyses further
underscore this imbalance: dominant topics include the gut-brain axis, neu-
roinflammatory pathways, oxidative stress, and related disease mechanisms.
Terms directly related to academic performance, students, or educational
contexts appeared infrequently and without sustained research continuity. This
pattern emphasizes the early developmental stage of cross-sector studies link-
ing gut microbiota to cognitive and academic traits.

This study represents the first bibliometric effort to systematically map the
research landscape, collaboration networks, thematic hotspots, and gaps at the
intersection of gut microbiota and cognitive-academic traits. Prior bibliomet-
ric studies have mainly focused on gut microbiota and specific diseases such
as Alzheimer’s disease or depression’”,with few addressing its connection
to cognitive or educational traits at a global scale””. Our work fills this gap
by quantitatively characterizing publication trends, author and institutional
patterns, and research evolution, providing essential data to inform the future
of this emerging interdisciplinary field. Cross-disciplinary research is increas-
ingly recognized as key to addressing complex human health and development
challenges™. Successful examples include integrative studies linking gut mi-
crobiota to neuropsychiatric conditions by combining microbiology, neuroim-
aging, and behavioral science!””, as well as projects exploring how nutrition,
gut health, and school performance interrelate in children®. These works
demonstrate the power of crossing disciplinary boundaries to generate new
insights and interventions. Our findings highlight the untapped potential of gut
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Figure 5. Temporal trends of keyword and extended keyword usage in literature on gut microbiota and academic performance.
(A) Stacked area chart illustrating the annual publication trends of core keywords from 2021 to 2025. Keywords such as gut microbiota,
brain, oxidative stress, probiotics, inflammation, and chain fatty-acids have shown dynamic changes over time, with a noticeable peak
in 2022 followed by a slight decline and diversification of topics in subsequent years. (B) Stacked area chart depicting the trends of ex-
tended keywords from 2021 to 2025. Terms like gut microbiota, alzheimer’s disease, neuroinflammation, cognitive function, intestinal
flora, and students contributed prominently to the literature, reflecting evolving research interests linking gut microbiota to neurocogni-
tive and educational domains. The charts highlight shifts in thematic focus, suggesting the growing interdisciplinary nature of the field.
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microbiota research beyond traditional biomedical domains. By illuminating
knowledge gaps at the interface of microbiology, neuroscience, psychology,
and education, this study provides a data-driven foundation to support future
interdisciplinary collaboration. Advancing such integration could foster novel
research into how gut microbiota influence learning ability, cognitive devel-
opment, academic outcomes, and even social functioning. This, in turn, may
inspire personalized education strategies, cognitive enhancement approaches,
and policy innovations aimed at promoting holistic youth development!'”’,
Recent advances in gut microbiota research have provided important insights
into its role in cognitive health and brain function. Experimental studies in
animal models have demonstrated that alterations in gut microbiota compo-
sition can influence learning, memory formation, and anxiety-like behaviors.
For example, germ-free or antibiotic-treated mice exhibit impaired cognitive
performance, which can be restored through microbiota transplantation or pro-
biotic administration®. In human studies, randomized controlled trials have
shown that certain probiotic formulations can improve cognitive function and
reduce cognitive decline in older adults"”. These findings have established a
theoretical basis for exploring how gut microbiota might modulate cognitive
abilities beyond pathological conditions. However, most existing studies re-
main confined to medical or disease-related contexts. Few investigations have
examined whether gut microbiota might contribute to individual differences
in daily learning ability, academic performance, or cognitive styles in healthy
populations. Our analysis underscores the need to extend microbiota research
toward these new frontiers. Integrating gut microbiota studies with education,
developmental psychology, and social sciences may open novel pathways for
understanding and supporting human cognitive development in real-world set-
tings™". Future cross-disciplinary initiatives could draw inspiration from large-
scale efforts such as the Human Connectome Project or cognitive microbiome
consortia that exemplify successful integration of biology, neuroscience, and
psychology™'.

In real life, learning difficulties or subject-specific challenges are common
among adolescents, affecting their academic performance and mental health. It
is estimated that approximately 5%-15% of school-aged children worldwide
experience learning disabilities, such as dyslexia, dyscalculia, or attention
deficit disorders™. Current research on these issues has mainly focused on
brain science, cognitive psychology, and educational interventions, exploring
the roles of neurodevelopment, genetic background, and environmental factors
in shaping academic abilities™. However, examining these challenges from a
gut microbiota perspective remains a novel and largely unexplored direction.
Notably, animal and preliminary human studies have suggested that gut micro-
biota may influence basic cognitive functions such as attention, self-regulation,
and social behaviors™", providing inspiration for investigating its potential role
in learning ability and subject-specific traits. In Chinese culture, expressions
such as “artistic bacteria”, “science-minded brain”, and “a belly full of knowl-
edge” reflect society’s longstanding intuitive observations of individual differ-
ences in cognitive styles and academic tendencies. These metaphors not only
highlight shared social awareness of individual learning traits, but also inspire
scientific reflection: could academic preferences, cognitive styles, and learning
potential be partly associated with an individual’s gut microbial state? Modern
cognitive science and educational research have demonstrated that cognitive
styles and subject inclinations are shaped by complex neurobiological, genetic,
and environmental factors, yet the role of gut microbiota in this context has re-
ceived little attention™. Building on preliminary animal and human findings,
future high-quality research that identifies reproducible and stable associations
between gut microbiome profiles and academic preferences (e.g., humanities,
sciences, artistic traits), or that characterizes “learning-associated” or “cogni-
tive-modulating” microbial patterns, could open new directions for microbiota
research and have far-reaching impacts on educational science, developmental
psychology, and sociology. However, such exploratory work must proceed
on the dual foundations of robust scientific evidence and rigorous ethical
standards. Scholars have warned of potential risks related to biological deter-
minism, overinterpretation, and labeling in microbiota research, emphasizing
the need to prevent misuse of data that could result in discrimination or social
injustice™. International guidelines for microbiome research ethics also call
for adherence to principles such as informed consent, data protection, cultural
sensitivity, and prioritization of societal benefit, ensuring that research out-
comes are applied to promote educational equity and social inclusion, rather
than reinforcing stereotypes or exacerbating inequality™”.

While this study systematically maps the global research landscape of gut
microbiota and cognitive-academic traits, several limitations should be noted.
First, the data source was limited to the Web of Science Core Collection, which
excludes regional journals, gray literature, and unpublished studies, potentially
leading to bias in geographic and disciplinary coverage. Second, although we
endeavored to expand search strategies and topic terms, the diversity of termi-

nology and the highly interdisciplinary nature of the field may have resulted
in the omission of relevant studies. Furthermore, bibliometric analysis can
reveal macro-level trends, collaboration patterns, and research hotspots, but it
does not provide evidence for causal relationships or underlying mechanisms
linking gut microbiota to academic abilities or cognitive traits. In light of
these limitations and the current research gaps, future studies should advance
empirical investigations of gut microbiota in relation to academic performance
and subject-specific cognitive traits in healthy populations. This includes
large-scale cohort studies, randomized controlled trials, and animal model
experiments to test specific hypotheses. Building robust interdisciplinary col-
laboration networks that connect microbiology, neuroscience, psychology, and
education is essential to overcome the limitations of single-discipline research.
Additionally, future work exploring the role of individual gut microbiota dif-
ferences in cognitive styles and learning abilities must be guided by strong
ethical principles to prevent data misuse, overinterpretation, or deterministic
conclusions, ensuring that research findings contribute to educational equity
and social well-being.

5. Conclusion

This bibliometric study provides the first comprehensive overview of global
research trends, collaboration networks, and thematic evolution in the field of
gut microbiota and cognitive-academic traits. Our findings highlight the rapid
growth of publications focused on disease contexts and the notable gap in
studies addressing learning ability, academic performance, and subject-specific
cognitive styles. The analysis underscores the need for future empirical re-
search and interdisciplinary collaboration to explore how gut microbiota may
contribute to individual differences in cognition and academic outcomes. Such
efforts, guided by ethical responsibility, could open new avenues for personal-
ized education and cognitive interventions, promoting educational equity and
holistic human development.
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