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Background: The number of people affected by atopic dermatitis (AD) and inflammatory bowel disease (IBD) continues to rise,
increasing the disease burden. These conditions are epidemiologically linked and share features related to barrier dysfunction, immune
dysregulation, and microbial dysbiosis, making them an important focus of integrated research. However, systematic bibliometric
analysis of this field remains lacking. This study aimed to characterize the publication landscape, knowledge structure, evolving
hotspots, and emerging translational trends in AD-IBD research.

Methods: English-language articles and reviews on the intersection of AD and IBD published between 2000 and 2025 were retrieved
from the Web of Science Core Collection and Scopus. After merging, deduplication, and data standardization, CiteSpace, VOSviewer,
and Scimago Graphica were used to analyze publication trends, country/region and institutional contributions, author and journal
profiles, keyword co-occurrence, and co-cited references.

Results: A total of 1,542 publications were included. Annual publication output increased steadily, with a marked acceleration after
2020. The United States ranked first in publication volume, total citations, and international collaboration strength, while Harvard
University occupied a central position in the institutional collaboration network. The Journal of Allergy and Clinical Immunology
ranked first in both citation and co-citation counts. Keyword clustering and co-cited reference burst analyses identified four major
directions: gut microecology and immune regulation, shared inflammatory pathways and immune-mediated comorbidities, therapeutic
strategies involving biologics and JAK inhibitors, and genetic susceptibility and causal inference. The field has gradually shifted from
epidemiological associations and inflammatory mechanism exploration toward clinical translation and safety evaluation.
Conclusion: AD-IBD research has evolved into a multidisciplinary field centered mainly in North America and Europe, with rapidly
expanding contributions from Asia. Future studies should strengthen interdisciplinary and cross-regional collaboration and prioritize gut—
skin axis mechanisms, stratified management of comorbid populations, and long-term risk—benefit assessment of targeted therapies.
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Introduction

Atopic dermatitis (AD) is a common chronic, relapsing inflammatory skin disease characterized by recurrent eczematous
lesions and intense pruritus, with its pathogenesis closely linked to impaired skin barrier function and immune dysregulation.'
Inflammatory bowel disease (IBD), encompassing Crohn’s disease (CD) and ulcerative colitis (UC), represents a group of
immune-mediated disorders characterized by chronic intestinal inflammation, similarly marked by a protracted and relapsing
clinical course and substantial disease burden; its pathological processes involve disruption of the intestinal mucosal barrier,
dysregulated immune responses, and persistent inflammation.>> In recent years, the global number of individuals affected
by AD and IBD has continued to increase, with growing disease burden and long-term management needs, making both

conditions important public health concerns.*” Although AD and IBD primarily affect the skin and intestinal mucosal
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epithelium, respectively, both are characterized by epithelial barrier dysfunction, chronic immune-inflammatory activation,
and microbial dysbiosis, providing a biological rationale for investigating their potential association.®

The potential association between AD and IBD has attracted increasing attention. A systematic review and meta-
analysis revealed a bidirectional epidemiological association between AD and IBD,’ and a large-scale population-based
cohort study in the United Kingdom further confirmed that patients with AD have a significantly elevated risk of developing
incident IBD, with this risk increasing in proportion to AD severity.® Beyond epidemiological evidence, previous studies
have explored the potential link between AD and IBD from multiple perspectives, including the gut—skin axis, Mendelian
randomization-based causal inference, comparative molecular analyses, and shared therapeutic targets.”'* Collectively,
these findings indicate that cross-disciplinary research on AD and IBD is evolving from epidemiological observations
toward mechanistic elucidation and therapeutic strategy development; however, the overall research landscape of this field
has yet to be systematically characterized.

However, the aforementioned studies have largely focused on specific scientific questions and are dispersed across
diverse disciplines, including dermatology, gastroenterology, microbial ecology, and genetic epidemiology. Consequently,
a comprehensive, panoramic understanding of the overall research landscape, evolving hotspots, and emerging frontiers
within this interdisciplinary field remains lacking.

Bibliometric analysis combined with visualization is a quantitative approach for elucidating the knowledge structure,
evolutionary trajectory, collaboration networks, and emerging trends within a given research domain at the macroscopic level,
and has been extensively applied to assess research landscapes in interdisciplinary medical fields.'*"'* Accordingly, the present
study retrieved English-language publications (articles and reviews) on the AD-IBD nexus from 2000 to 2025, using the Web
of Science Core Collection and Scopus as data sources. Leveraging visualization tools such as CiteSpace and VOSviewer, we
conducted analyses across multiple dimensions, including publication trends, country/region and institutional distributions,
prolific authors and journals, keyword co-occurrence, and co-cited references. This study aims to systematically delineate the
research landscape of this field, identify hotspot topics and frontier directions, and provide a reference framework for future
mechanistic investigations, clinical translation, and interdisciplinary collaboration.

Materials and Methods

Data Sources and Search Strategy

In bibliometric research, the selection of data sources is critical to the reliability and completeness of the findings.
WoSCC offers distinct advantages through its rigorous journal selection criteria and well-established citation indexing
system, while Scopus complements it with broader disciplinary coverage and robust cross-domain retrieval capabilities.
As any single database is subject to inherent coverage limitations, integrating both helps balance depth of indexing with
breadth of disciplinary scope, minimizes potential retrieval omissions, and thereby provides a more robust data
foundation for the present study.

The literature search and data collection were completed in WoSCC and Scopus on March 27, 2026. The publication
period was set from January 1, 2000, to December 31, 2025. In WoSCC, the Topic field was searched using the following
complete search string: TS=((“atopic dermatitis” OR “atopic eczema” OR “‘atopic neurodermatitis” OR ““atopic dermatit*”
OR “atopic eczem*”) AND (“inflammatory bowel disease*” OR “Crohn’s disease” OR “Crohn disease” OR “ulcerative
colitis”)). In Scopus, the TITLE-ABS-KEY field was searched using the following complete search string: TITLE-ABS-
KEY/((“atopic dermatitis” OR “atopic eczema” OR “atopic neurodermatitis” OR “atopic dermatit*” OR “atopic eczem*”’)
AND (“inflammatory bowel disease*”” OR “Crohn’s disease” OR “Crohn disease” OR “ulcerative colitis”)). By applying
the Boolean operator AND, this strategy required AD-related and IBD-related terms to co-occur in the title, abstract, or
keyword fields. The strategy was designed to retrieve studies directly focused on the AD-IBD association, as well as studies
that addressed both diseases in the context of shared pathogenic mechanisms.

Inclusion and Exclusion Criteria
The inclusion criteria were as follows: publications related to atopic dermatitis and inflammatory bowel disease; English-
language articles with complete bibliographic information; and document types limited to original articles and review
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articles. The exclusion criteria encompassed conference papers, book chapters, early access articles, editorials, articles in
press, book series, conference abstracts, letters, duplicate publications, and retracted articles. Following cross-database
retrieval, Python was employed to merge and deduplicate the search results from WoSCC and Scopus. After this
screening process, a total of 1542 publications—comprising 753 original research articles and 789 reviews—were

retained for subsequent analysis (Figure 1).

Data Analysis

Records exported from WoSCC were saved as plain-text files containing full records and cited references, whereas
records from Scopus were exported as CSV files using the same criteria. The Scopus data were subsequently converted
into plain-text format in Python 3.10.18, merged with the WoSCC data, and deduplicated to generate a unified text-
format dataset. During preprocessing, special symbols and redundant spaces were removed. Countries/regions were
harmonized according to author affiliation addresses recorded in the databases. Authors, institutions, journals, and
keywords were also standardized; the keyword standardization rules are provided in Supplementary Table S1. The

cleaned data were then reformatted using the import/export function in CiteSpace to meet the requirements for
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Figure | Flowchart of the literature search and screening process.
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subsequent analyses. Two researchers independently extracted the following fields into a structured framework:
publication year, country/region, institution, journal, author, references, and keywords.

Bibliometric visualization methods were used to systematically characterize research hotspots, knowledge structures,
and temporal evolution in AD-IBD research. The analyses were performed using VOSviewer 1.6.20, CiteSpace 6.4.2,
Scimago Graphica 1.0.53, R 4.5.1, and Microsoft Excel 2021. Publication data exported from CiteSpace were organized
in Excel; cumulative publication output was presented as a bar chart, and annual publication output was displayed as
a line chart to show temporal trends. Country/region geographic distribution maps were generated by converting
VOSviewer outputs into GML format and visualizing them in Scimago Graphica. Country/region collaboration chord
diagrams were created using R. Author collaboration networks, institutional distributions, journal sources, and keyword
co-occurrence networks were generated using VOSviewer; journal and author data were additionally exported as txt files
for further processing. Keyword timeline analysis and co-cited reference burst detection were conducted in CiteSpace.
Details of data cleaning, deduplication procedures, parameter settings, and screening thresholds are provided in
Supplementary Table S2.

Results

Publication Trends

To delineate the evolutionary trajectory of research at the intersection of AD and IBD, we analyzed annual and
cumulative publication output from 2000 to 2025 (Figure 2). Publication output in this field showed a sustained upward
trend and could be broadly divided into three phases. The first phase, from 2000 to 2010, represented an initial
accumulation period, during which annual output remained low and increased slowly, indicating that the field was still
in its foundational stage. The second phase, from 2011 to 2019, was characterized by steady growth, with annual
publications increasing from 36 in 2011 to 67 in 2018, reflecting sustained scholarly attention to AD-IBD research. The
third phase, from 2020 to 2025, showed rapid growth, with annual output rising to 152 publications in 2021 and peaking
at 179 in 2024. Cumulative publication output also increased continuously over time, further indicating the progressive
accumulation of knowledge in this field.
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Figure 2 Annual and cumulative publication output of AD-IBD-related research from 2000 to 2025. The green bars indicate the cumulative number of publications and
correspond to the right y-axis. The blue line with circular markers indicates the annual number of publications and corresponds to the left y-axis. The numbers above the
markers indicate the annual publication counts.
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National Collaboration Network

Between 2000 and 2025, researchers from 81 countries/regions published studies on the association between AD and
IBD. Figure 3A illustrates the geographic distribution of publications by country, with the USA leading in output (491
articles), followed by China (180) and Italy (156). The chord diagram in Figure 3B depicts international collaboration
networks, revealing that the USA maintained the strongest collaborative ties (collaboration strength = 445), while the UK
(collaboration strength = 333) and Germany (collaboration strength = 314) also served as key collaboration hubs. Table 1
presents the top 10 most productive countries along with their collaboration strength, total citations, and average citations
per publication. In terms of total citations, the USA ranked first (39,863), followed by the UK (15,888) and Germany
(11,625). Notably, Spain (128.75), France (127.62), and the Netherlands (112.76) achieved the highest average citations
per publication, indicating substantial scholarly attention to their research output. The geographic distribution of
publications and associated citation profiles suggest that AD—IBD cross-disciplinary research has garnered widespread
global interest and established considerable academic impact.

Author and Institutional Collaboration Networks

Collaboration network analyses were performed using VOSviewer, including institutions with more than 11 publications
and authors with more than 3 publications. The author collaboration network (Figure 4A) revealed several distinct
research teams, among which those led by Li Jicui, Peyrin-Biroulet Laurent, and Mclnnes Iain B. were particularly
prominent. However, inter-team connections remained limited, indicating that overall collaboration among research
groups requires further strengthening. The institutional collaboration network (Figure 4B) showed that Harvard Univ
occupied a central position, maintaining close ties with Johns Hopkins Univ, Univ Calif San Francisco, and Rockefeller
Univ, suggesting its strong role as a hub in institutional collaboration within this field. Different colored clusters indicated
the formation of several collaborative subgroups among institutions. Nevertheless, certain institutions, such as Univ
Glasgow, were located at the periphery of the network with relatively limited connections to core institutions, suggesting
room for enhanced inter-institutional collaboration. Overall, the collaborative landscape in this field has yet to be fully
optimized, and future efforts should focus on strengthening cross-team and cross-institutional cooperation to facilitate
sustained advancement in this domain.

Table 2 summarizes the leading authors and institutions contributing to the intersection of AD and IBD research.
Akdis CA and Peyrin-Biroulet L were the most prolific authors, each with nine publications, indicating their active
engagement in this field. Chen Yuanyuan received the highest total citation count (2,506), suggesting considerable
scholarly attention to their work. Tanaka Yoshiya exhibited the greatest collaboration strength (23), reflecting extensive
participation in co-authorship networks. At the institutional level, Harvard University ranked first in publication output,
total citations, and collaboration strength, demonstrating a distinct advantage in both academic influence and collabora-
tive capacity. Utrecht University, Johns Hopkins University, and the Medical University of Vienna also emerged as
significant contributors. Together, these highly productive authors and core institutions constitute the principal academic
forces driving research in this field.

Journal Analysis

Figure SA presents the network visualization of publishing journals, and Figure 5B displays the network visualization of
co-cited journals. Table 3 lists the top 10 journals ranked by publication count, citation frequency, and co-citation
frequency. In terms of publication output, Frontiers in Immunology (n = 59) ranked first, followed by International
Journal of Molecular Sciences (n = 36) and Journal of the American Academy of Dermatology (n = 28), indicating that
immunology and dermatology journals serve as the primary publication venues in this field. Regarding citation
frequency, Journal of Allergy and Clinical Immunology (n = 4,635) ranked first, followed by Frontiers in Immunology
(n = 4,109) and Nature Reviews Drug Discovery (n = 3,933). Notably, Frontiers in Immunology ranked among the top
journals in both publication output and citation frequency, demonstrating both high productivity and high impact. In the
co-citation analysis, Journal of Allergy and Clinical Immunology (n = 3,514) again ranked first, followed by The Journal
of Immunology (n = 3,099) and Journal of the American Academy of Dermatology (n = 2,279). The journal co-citation
network exhibited distinct clustering patterns, primarily encompassing immunology, allergy and clinical immunology,
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Figure 3 Country/region-level visualization of AD-IBD research. (A) Global geographic visualization; circle size represents publication volume, and the color gradient
indicates total link strength. (B) Global collaboration chord diagram; node size represents publication volume, and line thickness indicates collaboration strength.
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Table 1 Top 10 Countries by Total Publication Volume from 2000 to 2025

Country Publication | Cooperation Intensity | Total Citations | Average Citation
United States 491 445 39,863 81.1874
China 180 96 1,161 62.0056
Italy 156 211 8526 54.6538
United Kingdom 147 333 15,888 108.0816
Germany 138 314 11,625 84.2391
Japan 92 19 5150 55.9783
France 73 170 9316 127.6164
Canada 72 149 6189 85.9583
Spain 67 165 8626 128.7463
Netherlands 66 174 7442 112.7576

dermatology, and gastroenterology, reflecting the multidisciplinary nature of this field. These journals collectively
provide essential platforms for knowledge dissemination and scholarly exchange in this research domain.

Keyword Analysis

Keyword co-occurrence analysis identified four distinct clusters (Figure 6A). The red cluster, centered on gut microbiota,
probiotics, dysbiosis, cytokines, and T cells, reflects research on intestinal microecology and immune regulation. The
green cluster, anchored by AD and IBD, encompasses clinical treatment themes including biologics, JAK inhibitors,
efficacy, and safety. The blue cluster involves innate lymphoid cells, Th17 cells, tumor necrosis factor-alpha (TNF-a),
and immunotherapy, pointing toward autoimmune-related inflammatory pathways. The yellow cluster focuses on asthma,
food allergy, allergic rhinitis, genetics, and susceptibility loci, corresponding to research on allergic comorbidities and
genetic predisposition.

To further delineate the evolutionary trajectory of this field, Figure 6B presents a timeline of major research clusters
from 2000 to 2025. A total of 12 clusters were identified, encompassing multiple core research directions at the
intersection of AD and IBD.

First, immune-mediated diseases and their comorbidity associations (core clusters: #0 atopic dermatitis, #1 systemic
lupus erythematosus(SLE), #3 alopecia areata, #9 chronic rhinosinusitis) constitute a fundamental research foundation in
this field. The sustained activity of clusters such as atopic dermatitis (#0), SLE (#1), alopecia areata (#3), and chronic
rhinosinusitis (#9) indicates that the research scope has progressively expanded beyond AD and IBD themselves to
encompass immune-related comorbidities and multi-organ involvement. Collectively, these thematic clusters suggest
that AD and IBD research is increasingly oriented toward disease associations within the broader context of systemic
immune dysregulation.

Second, inflammatory mechanisms and immune regulatory pathways (core clusters: #10 Inflammation, #7 Anti-
inflammatory Agents, #8 Mesenchymal Stem Cells) represent a key research direction in this field. Clusters #10
(Inflammation) and #7 (Anti-inflammatory Agents) have persisted over an extended period, indicating that inflammatory
pathways and their intervention strategies have remained central to AD and IBD research. Cluster #8 (Mesenchymal
Stem Cells), an emerging topic in recent years, reflects growing interest in regenerative medicine and immunomodula-
tion. Studies have demonstrated that mesenchymal stem cells (MSCs) exert therapeutic potential in both cutaneous
inflammation control in AD and intestinal mucosal repair in IBD through paracrine secretion of anti-inflammatory
factors, modulation of T-cell differentiation, and restoration of damaged epithelial barriers. Collectively, these thematic
clusters suggest that AD—IBD research is progressively expanding from the elucidation of inflammatory mechanisms
toward the development of novel intervention strategies.

Third, the identification of risk factors and methodological innovation (core clusters: #2 Vitamin D, #4 Mendelian
Randomization, #5 Chronic Obstructive Pulmonary Disease) have broadened the research horizon of this field. Cluster #2
(Vitamin D) focuses on the regulatory role of nutritional and metabolic factors in immune function. Evidence suggests
that vitamin D deficiency may exacerbate intestinal barrier disruption and cutaneous immune dysregulation, highlighting
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Table 2 Top 10 Authors and Institutions by Contribution to AD and IBD Research From 2000 to 2025

Author Number of Cited Quantity Cooperation Institution Number of Cited Quantity | Cooperation Intensity
Documents Intensity Documents
Akdis, Cezmi A. 9 1455 7 Harvard University 48 5344 68
Peyrin-Biroulet, Laurent 9 255 13 Utrecht University 25 2569 13
Egeberg, Alexander 8 252 3 Johns Hopkins University 23 829 22
Li, Jicui 8 101 15 Medical University of Vienna 22 2332 37
Chen, Yuanyuan 7 2506 12 University of California, San Francisco 22 961 16
Merola, Joseph F. 7 196 3 Tehran University of Medical Sciences 22 852 22
Zhang, Yiwen 7 148 6 University of Milan 18 1605 19
Li, Xuanlin [ 220 9 University of Toronto 18 1177 18
O’Shea, John |. 6 1957 7 Rockefeller University 17 2207 33
Tanaka, Yoshiya 6 624 23 Icahn School of Medicine at Mount Sinai 15 3033 11
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Table 3 Top 10 Journals and Co-Cited Journals in AD and IBD Research from 2000 to 2025

Dermatology

Highly Published Journals Publication Highly Cited Journals Number of Co-Cited Journals Co-
Citations Citations
Frontiers in Immunology 59 Journal of Allergy and Clinical Immunology 4635 Journal of Allergy and Clinical Immunology 3514
International Journal of Molecular Sciences 36 Frontiers in Immunology 4109 The Journal of Immunology 3099
Journal of the American Academy of Dermatology 28 Nature Reviews Drug Discovery 3933 Journal of the American Academy of 2279
Dermatology

Journal of Allergy and Clinical Immunology 25 Signal Transduction and Targeted Therapy 3466 British Journal of Dermatology 1993
Journal of Clinical Medicine 17 Nature Reviews Immunology 2503 Nature 1885
Dermatologic Therapy 16 Nutrients 1630 The Lancet 1736
Journal of the European Academy of Dermatology and 16 Immunological Reviews 1578 The New England Journal of Medicine 1713
Venereology

Journal of Dermatological Treatment 14 International Journal of Molecular Sciences 1564 PLOS ONE 1668
Pharmacological Research 13 Pharmacological Research 1338 Immunity 1656
Allergy 10 Journal of the American Academy of 1329 Gastroenterology 1628
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Figure 6 Keyword visualization analysis of AD-IBD research. (A) Keyword co-occurrence network. Node size represents keyword frequency, line thickness indicates co-
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keyword frequency, and links indicate associations between keywords. To maintain readability and avoid overcrowding, keyword labels for individual nodes are omitted.
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Table 4 Top 20 Co-Cited References with the Strongest Citation
Bursts in AD—IBD Research

Cited Reference Year | Burst Strength | Begin | End
Taylor et al'® 2007 4.64 2009 | 2011
Kalliomaki et al'® 2007 3.47 2009 | 2011
Arslanoglu et al'” 2008 3.15 2010 | 2011
Weidinger et al'® 2016 5.02 2016 | 2021
Schmitt et al'? 2016 5.79 2017 | 2021
Fleischmann et al*® 2019 527 2020 | 2025
Narla et al?' 2019 4.86 2020 | 2023
Kim et al* 2017 3.99 2020 | 2021
Smolen et al*® 2019 3.63 2020 | 2022
Shi et al** 2020 547 2021 | 2025
Sandborn et al*® 2020 5.02 2022 | 2025
Blauvelt et al*® 2021 4.68 2022 | 2025
Cohen et al?’ 2021 34 2022 | 2023
Danese et al*® 2022 7.65 2023 | 2025
Lee et al’ 2020 7.22 2023 | 2025
Ytterberg et al?’ 2022 7.17 2023 | 2025
Guttman-Yassky et al*® | 2021 5.25 2023 | 2025
Soh et al®'! 2021 5.25 2023 | 2025
Lu et al*? 2021 3.87 2023 | 2025
Reich et al*? 2021 3.8l 2023 | 2025

the potential contribution of environmental factors such as diet and sunlight exposure to AD and IBD susceptibility. The
emergence of Mendelian randomization (Cluster #4) has provided a robust analytical framework for delineating causal
relationships between exposure factors and disease outcomes. Cluster #5 (chronic obstructive pulmonary disease) further
suggests that systemic inflammation may exert cross-organ effects spanning the skin, gut, and respiratory systems,
thereby enriching the understanding of the AD-IBD comorbidity network.

Finally, clinical translation and patient outcome evaluation (core clusters: #6 quality of life, #11 adverse events)
represent an important expanding direction in this field. The emergence of keywords related to quality of life (#6) and
adverse events (#11) indicates that the research focus has progressively shifted beyond basic mechanistic exploration
toward patient-reported outcomes and treatment safety assessment.

In summary, keyword co-occurrence analysis revealed that research in this field is organized around four major
themes: gut microecology and immune regulation, clinical therapeutic strategies, autoimmune inflammatory pathways,
and allergic comorbidities with genetic predisposition. Timeline visualization of keyword clusters further indicated
a progressive shift in research focus from early exploration of immune-inflammatory mechanisms toward risk factor
identification, methodological innovation, and clinical translation assessment. Together, these findings suggest that
the AD and IBD research landscape has evolved into a relatively comprehensive framework spanning from fundamental

mechanisms to clinical applications.

Burst Detection Analysis of Co-Cited References

Analysis of highly cited references with citation bursts helps reveal key trends and recent focal points in the intersection
of atopic dermatitis (AD) and inflammatory bowel disease (IBD). Table 4 highlights three pivotal publications—Danese
(burst strength = 7.65), Lee (burst strength = 7.22), and Ytterberg (burst strength = 7.17)—all exhibiting sustained
citation bursts from 2023 through 2025, reflecting the most active research frontiers in this field. Danese et al*® published
a Phase III clinical trial in The Lancet in 2022, demonstrating that upadacitinib, a selective Janus kinase 1 (JAK1)
inhibitor, effectively induced and maintained clinical remission in moderate-to-severe ulcerative colitis, with significant
endoscopic and histological improvements. The sustained citation burst of this study underscores the growing recognition
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of JAK inhibitors as a promising therapeutic strategy at the AD-IBD interface, given their pharmacological capacity to
simultaneously target cutaneous and intestinal inflammatory pathways. Lee et al’ conducted a systematic review and
meta-analysis published in 2020, encompassing 10 studies with over 95 million participants, which established
a bidirectional epidemiological association between AD and IBD at the prevalence level, providing robust evidence
for understanding their comorbid relationship and shared immune dysregulation mechanisms.

The ORAL Surveillance trial published by Ytterberg et al* in 2022 demonstrated that tofacitinib was associated with
higher risks of major adverse cardiovascular events and malignancies compared with TNF inhibitors in rheumatoid
arthritis patients with cardiovascular risk factors, failing to meet the prespecified non-inferiority criteria. The sustained
citation burst of this publication suggests that, as JAK inhibitors are increasingly applied across a broad spectrum of
immune-mediated diseases such as AD and IBD, their long-term safety profile and benefit—risk balance have emerged as
critical concerns in the field.

Discussion

Overall Landscape and Knowledge Base of Cross-Disciplinary Research Between AD
and IBD

Our analysis revealed a sustained increase in publication output on AD-IBD cross-disciplinary research from 2000 to
2025, with a notable acceleration since 2020, indicating that the field has transitioned from sporadic early exploration to
a phase of rapid and sustained expansion. Regarding the distribution of research capacity, the USA dominated in terms of
publication volume, international collaboration intensity, and total citation count, serving as the primary driver of
progress in this field. China has demonstrated strong growth potential with a rapid rise in publications in recent years,
while several European countries—including the UK, France, Spain, and the Netherlands—exhibited relatively high
citations per publication, reflecting considerable academic influence. Author and institutional collaboration network
analyses further revealed that leading institutions such as Harvard University functioned as key hubs within the
collaborative network. The field has thus formed a research landscape anchored in North America and Europe, with
Asia emerging as a rapidly growing contributor. Nevertheless, linkages among certain author groups and between
peripheral and core institutions remain relatively limited, suggesting room for strengthening cross-team and cross-
institutional collaboration. Meanwhile, the most prolific and highly cited journals were concentrated in the domains of
immunology, allergy and clinical immunology, dermatology, and gastroenterology, underscoring that the knowledge base
of this field rests on substantial multidisciplinary convergence.

Key Research Hotspots in AD—IBD Cross-Disciplinary Research
Gut Microbiota and Immune Regulation
Keyword clustering analysis showed that terms such as gut microbiota, probiotics, dysbiosis, cytokines, and T cells
converged within the red cluster, suggesting that gut microecology and immune regulation have emerged as important
themes in AD-IBD cross-disciplinary research. In the AD field, Rios-Carlos et al** systematically reviewed the pathways
through which gut microbial metabolites influence cutaneous inflammation, noting that short-chain fatty acids can
modulate immune responses by promoting regulatory T cell differentiation while enhancing epidermal barrier function
and reducing transepidermal water loss. Additionally, tryptophan-derived indole metabolites activate the aryl hydro-
carbon receptor, thereby downregulating the expression of pro-inflammatory mediators such as thymic stromal lympho-
poietin (TSLP) and IL-4, while simultaneously upregulating filaggrin expression — thus exerting dual effects on immune
regulation and barrier repair. In the IBD field, Iliev et al*® reviewed the roles of intestinal bacteria, fungi, and their
metabolites in mucosal immune dysregulation and epithelial barrier disruption, emphasizing the regulatory significance
of metabolites such as short-chain fatty acids and bile acids in maintaining the Treg/Th17 balance. Studies in both fields
implicate shared elements, including gut microecology, barrier function, and immune responses, which may provide
a plausible biological context for interpreting the bibliometric hotspots identified at the AD-IBD interface.

The value of this topic lies in revealing a potential positive feedback loop between dysbiosis and impaired barrier
function. Research has demonstrated that the gut microbiota of AD patients exhibits intraspecies compositional shifts in
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Faecalibacterium prausnitzii, characterized by enrichment of the low-butyrate-producing L2-6 phylotype alongside
reduced fecal butyrate and propionate levels, suggesting a feedback loop between F. prausnitzii subspecies imbalance
and intestinal epithelial inflammation that may ultimately influence cutaneous immune responses through increased
intestinal permeability.*® Notably, Dokoshi et al employed murine skin wounding and epidermal hyaluronidase over-
expression models to demonstrate that skin injury alters gut microbiota composition and upregulates colonic host defense
genes, including Reg3 and Muc2. Furthermore, fecal microbiota transplantation experiments confirmed that this altered
microbiota enhances susceptibility to colitis in recipient mice, providing direct experimental evidence for the existence of
a skin—gut axis.>” Collectively, these findings indicate that microbiota—immune crosstalk between the skin and the gut
may be bidirectional, offering a novel perspective for understanding the comorbidity between AD and inflammatory
bowel diseases.

Regarding immune regulation, probiotic research has provided relatively clear mechanistic insights. Smits et al*®
demonstrated that L. reuteri and L. casei modulate dendritic cell function by engaging the dendritic cell-specific
intercellular adhesion molecule-3-grabbing non-integrin receptor on the dendritic cell surface, thereby promoting the
differentiation of IL-10-producing regulatory T cells. Kwon et al*® further reported that a defined mixture of five
probiotic strains (IRTS) induces the generation of regulatory dendritic cells, which in turn drive the differentiation of
CD4 Foxp3" Tregs from CD4'CD25" precursors while suppressing Th1, Th2, and Th17-associated cytokine expression,
yielding significant disease amelioration in experimental models of IBD, AD, and RA. Additionally, a comprehensive
review has delineated, from the perspective of the dietary fiber—gut microbiota—short-chain fatty acid axis, the multi-
faceted mechanisms through which short-chain fatty acids maintain immune homeostasis—namely, reinforcing intestinal
epithelial barrier integrity, inhibiting histone deacetylases, and activating metabolite-sensing G protein-coupled receptors
—thereby establishing a theoretical framework for dietary intervention in inflammatory diseases.*’

Overall, our bibliometric analysis indicates that gut microbiota and immune regulation are major themes in research at
the AD-IBD interface. In light of previous studies, dysbiosis may contribute to the development and progression of AD—
IBD comorbidity by disrupting intestinal barrier integrity and modulating local and systemic immune responses. Viewing
the AD-IBD association through the lens of the gut—skin axis may provide a theoretical basis for microbiota-targeted
interventions, including probiotics and dietary strategies. However, the present study cannot establish causal direction-
ality. Future longitudinal, mechanistic, and interventional studies are needed to clarify causal relationships and evaluate
the clinical value of microbiota-targeted interventions.

Shared Inflammatory Pathways and Immune-Mediated Comorbidity

ERINT3

At the disease level, keywords such as “allergic diseases,” “autoimmune disease,” and “SLE” converged within the blue
cluster in our analysis, while the keyword clustering timeline revealed that topics including SLE, alopecia areata, and
inflammation have remained persistently active. These findings indicate that the research scope in the AD-IBD field has
expanded beyond single-organ disorders to encompass cross-organ immune-mediated comorbidities. Recent systematic
reviews have demonstrated that patients with AD face an elevated risk of developing multiple autoimmune conditions,
including alopecia areata, celiac disease, Crohn’s disease, SLE, ulcerative colitis, and rheumatoid arthritis.>> At the
genetic level, Qi et al*' leveraged large-scale genome-wide association study (GWAS) data to systematically examine the
shared genetic architecture between allergic and gastrointestinal diseases. They identified genome-wide genetic correla-
tions between asthma and related phenotypes and irritable bowel syndrome, whereas correlations with CD, UC, and
celiac disease were driven by specific genomic regions. Although the patterns of genetic correlation varied across disease
pairs, integration of single-cell transcriptomic and single-cell eQTL data revealed that the associated genetic signals were
consistently enriched in CD4" T cells across multiple tissues. Collectively, this evidence suggests that the co-occurrence
of AD and IBD may be partly rooted in a shared immune-genetic basis rather than being solely driven by environmental
exposures or therapeutic factors.

From a mechanistic perspective, the recurrent emergence of Th17, tumor necrosis factor (TNF)-related pathways, and
innate lymphoid cells (ILCs) provides important clues for understanding the association between AD and IBD. Lopata
et al'' constructed and systematically compared disease atlases of AD and UC, identifying 131 shared HGNC-
standardized gene identifiers. Significant overlap was observed in signaling pathways including NF-kB, JAK-STAT,
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and MEK-ERK, along with 28 common drug targets, suggesting that despite affecting different organs, these two
diseases share comparable inflammatory mechanisms at the molecular network level. At the innate immune level,
group 2 innate lymphoid cells (ILC2s) represent the most critical ILC subset in AD pathogenesis. Upon activation by
epithelium-derived TSLP, IL-33, and IL-25, ILC2s secrete IL-5 and IL-13 to drive type 2 inflammation. Meanwhile,
group 3 innate lymphoid cells (ILC3s) contribute to AD pathology through secretion of IL-17A and IL-22, indicating
multidimensional regulatory roles of ILCs in AD.** Epithelial barrier studies have further demonstrated that IL-4 and IL-
13 downregulate the expression of tight junction proteins and keratinization-associated proteins via the JAK-STAT6
pathway—a mechanism operative across the skin barrier in AD, the airway barrier in asthma, and the gastrointestinal
barrier in eosinophilic esophagitis. These findings support the notion that type 2 inflammation-driven barrier dysfunction
is a cross-organ phenomenon and provide a barrier-level explanation for the comorbidity between AD and other epithelial
inflammatory diseases.*® Additionally, Hisamoto et al** reported elevated serum TNF-like ligand 1A (TL1A) levels
in AD patients, which positively correlated with IgE, lactate dehydrogenase (LDH) levels, and eosinophil counts. The
TL1A—death receptor 3 axis has been implicated in the inflammatory processes of IBD, rheumatoid arthritis, and
psoriasis; moreover, TL1A can simultaneously promote both Th2 and Th17 responses, suggesting that this TNF super-
family member may participate in the inflammatory cascade of multiple immune-mediated diseases. However, its precise
mechanistic role in AD remains to be elucidated.

Overall, the comorbidity between AD and IBD may not be incidental. Our findings indicate that shared inflammatory
pathways and comorbidity-related themes have remained persistent research hotspots in this field. Existing epidemiolo-
gical, genetic, and mechanistic evidence suggests that the two diseases may partly share immunogenetic foundations and
inflammatory regulatory networks. However, current evidence is mainly derived from observational association studies,
genetic analyses, and bioinformatics investigations. The specific roles of shared pathways in each disease and the
potential direction of causality remain unclear and require further clarification through prospective cohort studies and
disease-specific functional validation.

Evolution of Therapeutic Strategies: Biologics and JAK Inhibitors

Based on keyword clustering and burst citation analyses in this study, the green cluster centered on atopic dermatitis,
inflammatory bowel disease, biologic therapy, JAK inhibitor therapy, efficacy, and safety, while recent burst references
primarily involved agents such as upadacitinib and tofacitinib. These findings suggest that the research focus at the AD—
IBD intersection is shifting from comorbidity characterization toward risk—benefit evaluation of shared therapeutic
targets. This trend is closely linked to therapeutic advances in each field: in AD, biologics exemplified by dupilumab
and JAK inhibitors including baricitinib, upadacitinib, and abrocitinib now constitute the mainstay of systemic therapy;*’
in IBD, tofacitinib and upadacitinib have been approved for moderate-to-severe ulcerative colitis and demonstrate
favorable efficacy in patients with prior biologic failure.*® As the JAK-STAT pathway represents a shared intervention
target for both diseases, cross-disease comparisons of efficacy and safety have emerged as a key research direction within
this interdisciplinary field.

At the therapeutic level, biologics first ushered the field into the era of targeted therapy, while selective JAK1
inhibitors have further expanded the treatment armamentarium. In AD, upadacitinib significantly improved skin lesions
and pruritus in moderate-to-severe patients in the Measure Up 1 and Measure Up 2 trials;*® the AD Up study confirmed
comparable efficacy when combined with topical corticosteroids;”® and in a head-to-head trial against dupilumab,
upadacitinib demonstrated superiority in high-threshold skin clearance (EASI-90, EASI-100) and early itch relief.*® In
IBD, a phase IIb study by Sandborn et al*® first indicated that upadacitinib improved clinical remission rates and
endoscopic outcomes in patients with active UC; Danese et al*® subsequently confirmed its superiority over placebo for
both induction and maintenance therapy in moderate-to-severe UC in a phase III program; and phase III trials in Crohn’s
disease showed consistent efficacy trends.*” Overall, JAK1 inhibitors such as upadacitinib have shown clinical benefits in
both AD and IBD; however, parallel therapeutic benefits do not necessarily indicate a shared pathophysiological
mechanism. The precise biological roles and disease-specific relevance of the JAK—STAT pathway in these two diseases
remain to be further clarified.
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Meanwhile, the safety profile of JAK inhibitors has attracted increasing scrutiny. An integrated analysis of upada-
citinib encompassing over 27,000 patient-years across seven indications demonstrated that the incidence of adverse
events remained stable over long-term follow-up; however, rates of herpes zoster, non-melanoma skin cancer, and
creatine kinase (CK) elevation were higher than those observed with active comparators, and the risks of herpes zoster
and venous thromboembolism were notably pronounced among patients with UC relative to other indications.*® In
the AD population, a meta-analysis revealed that major adverse cardiovascular events remained rare during JAK inhibitor
therapy, with no significant difference compared with placebo or dupilumab, although the certainty of evidence was
limited and insufficient to exclude long-term cardiovascular risk.*® Furthermore, a network meta-analysis corroborated
a consistent dose—response relationship between JAK inhibitors and elevated herpes zoster risk, with AD patients
exhibiting the highest incidence of herpes zoster among all immune-mediated inflammatory diseases.’® Accordingly,
future research should focus not only on validating the cross-disease therapeutic potential of JAK inhibitors but also on
delineating appropriate patient populations for each indication, optimizing safety monitoring protocols, and establishing
long-term risk management strategies.

Overall, biologics have laid the foundation for targeted therapy research in AD and IBD, while the introduction of
JAK inhibitors has further shifted the research focus from disease-level associations toward mechanistic exploration of
shared signaling pathways. Concurrently, long-term safety and risk—benefit analyses have become increasingly central to
clinical therapeutic decision-making.

Genetic Susceptibility, Environmental Factors, and Causal Inference

The emergence of topics such as vitamin D, Mendelian randomization, and chronic obstructive pulmonary disease within
the yellow cluste—encompassing genetics and susceptibility loci—and in the keyword clustering timeline, indicates that
this field has progressively expanded from comorbidity research to investigations of genetic susceptibility, environmental
exposure, and causal inference. The concentrated co-occurrence of keywords such as allergic rhinitis, asthma, food
allergy, GWAS, and susceptibility loci suggests that the association between AD and IBD is increasingly being under-
stood within the framework of a shared genetic architecture. Both AD and IBD are polygenic complex diseases, and
previous GWAS have independently identified numerous risk loci for each condition.’'>* Lazanas et al’® identified 70
pleiotropic loci shared between AD and IBD; although genome-wide genetic correlation was limited, these shared loci
were enriched in immuno-inflammatory pathways involving T-cell differentiation and leukocyte activation, suggesting
that localized genetic overlap may mediate their comorbidity through specific inflammatory pathways.

However, this comorbid association is not uniform across atopic phenotypes. A genetically informed study from
Sweden confirmed individual-level comorbidity between IBD and asthma, allergic rhinitis, and eczema, yet multiple
genetic analytic approaches detected only a weak signal of shared genetic and unique environmental contributions
between IBD and eczema, with insufficient evidence for a common genetic origin linking IBD to the remaining allergic
diseases.”® Clinical data further indicate that children with AD at age 3 have a significantly elevated risk of subsequent
IBD, whereas asthma, food-related allergic symptoms, and allergic rhinitis show no significant association with IBD.>
A large UK population-based cohort similarly demonstrated that both children and adults with AD carry a significantly
increased risk of incident IBD, with the risk escalating in a severity-dependent manner; notably, however, the association
between childhood AD and UC reached statistical significance only among patients with severe AD.® Taken together, the
available evidence suggests that AD may be the atopic phenotype most closely linked to IBD, although their shared
genetic basis appears limited.

Environmental and nutritional factors represent another important thread within this cluster. The persistent appearance
of vitamin D as a high-frequency keyword suggests that the research focus has shifted from immune phenotyping toward
the interplay between mucosal barrier integrity and environmental exposures. The epithelial barrier hypothesis posits that
barrier-disrupting agents pervasive in industrialized and modern lifestyles may serve as a common driver underlying the
rising prevalence of allergic, autoimmune, and other chronic inflammatory diseases, thereby providing a unifying
pathophysiological framework for the cross-organ association between AD and IBD.’® Consistent with this notion,
vitamin D/VDR signaling has been shown to regulate tight junction proteins in both the skin and the intestinal epithelium
and to modulate innate immune responses, exerting potentially protective effects in barrier-dysfunction disorders such
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as AD, IBD, and celiac disease.’’” Nevertheless, a causal role for vitamin D remains unestablished. Previous Mendelian
randomization studies have found no significant association between genetically determined low 25-hydroxyvitamin
D levels and the risk of AD, asthma, or elevated serum IgE, suggesting that the positive associations reported in earlier
observational studies may be attributable to residual confounding or reverse causation.’®

At the methodological level, the application of MR represents a significant advance in this field. A bidirectional two-
sample MR study revealed a causal association between genetic susceptibility to AD and increased IBD risk (pooled OR
=1.11, 95% CI: 1.04-1.18), with subtype analysis suggesting a directional association between AD and UC, although the
reverse effect was not supported.®® Subsequently, Li et al extended their analysis to multiple allergic diseases and found
that IBD—particularly CD—increased the risk of AD, allergic asthma, and allergic rhinitis, whereas no significant
reverse causation was observed.®” These two studies diverge regarding causal directionality: the former supports a causal
pathway from AD to UC, while the latter primarily supports a direction from CD to AD. This discrepancy may stem from
differences in instrumental variables, GWAS datasets, and sample sizes, and further suggests that UC and CD may be
fundamentally distinct in their genetic associations with AD. From a systems biology perspective, Lopata et al''
constructed a disease map of UC and AD, identifying 131 shared genes and 19 similar molecular interaction modules,
and proposed that shared pathways such as NF-kB and JAK-STAT could serve as common therapeutic targets for both
diseases, with potential for drug repositioning. Such integrative studies provide molecular-level explanations for the AD—
IBD association and lay the groundwork for mechanism-driven therapeutic strategies.

Emerging Trends and Future Directions in AD-IBD Cross-Disciplinary Research

As indicated by the keyword timeline in this study—where topics such as “quality of life” and “adverse event” have
gained prominence—the research focus at the AD-IBD intersection has expanded from elucidating shared pathogenic
mechanisms to identifying high-risk populations and evaluating clinical burden. A recent meta-analysis demonstrated
that AD exposure was associated with a significantly elevated risk of IBD (OR = 1.37), a finding consistent across both
Crohn’s disease (OR = 1.51) and ulcerative colitis (OR = 1.33) subtypes.®’ A specialty clinic-based study further
indicated that this association was predominantly driven by moderate-to-severe AD (adjusted OR = 4.45), whereas no
significant association was observed for mild AD, suggesting that disease severity may serve as a critical stratification
factor.®” Moreover, a retrospective study of IBD patients revealed the substantial clinical burden imposed by comorbid-
ity: 79.8% of IBD patients with concomitant immune-mediated diseases exhibited an aggressive disease course,
compared with only 8.1% of those without such comorbidities, with a dose-response relationship between the number
of comorbidities and disease aggressiveness (OR = 1.6).%® Collectively, these findings underscore the need for future
studies to incorporate stratified analyses based on AD severity and the comorbidity spectrum, thereby enabling more
precise identification of high-risk populations and informing long-term management strategies.

ER)

“Mesenchymal stem cells,” as an emerging frontier topic in recent years, reflects growing interest in cell-based
therapeutic strategies at the intersection of AD and IBD. In the context of AD, umbilical cord-derived MSCs have been
shown to attenuate lesion severity in AD-like dermatitis models by suppressing JAK-STAT signaling and the expression
of multiple inflammatory cytokine receptors, while partially restoring transcription of epidermal barrier-related genes.**
In the context of IBD, Tak et al®> demonstrated that SOD3-transduced MSCs inhibited MAPK signaling activation and
preserved epithelial tight junction protein expression in DSS-induced murine colitis, and mitigated TNF-o-mediated
inflammatory injury in intestinal organoids. Furthermore, a small-sample Phase I clinical trial showed that intravenous
infusion of umbilical cord-derived MSCs for active UC exhibited a favorable safety profile, with sustained improvement
in Mayo scores observed in a subset of patients.®® Overall, existing experimental studies and early clinical evidence
suggest that MSCs may have immunomodulatory and barrier-protective effects. In the present study, the emergence of
“mesenchymal stem cells” should be interpreted as an emerging research theme; their long-term efficacy, safety, and
optimal therapeutic regimens require validation in larger-scale, disease-specific clinical and mechanistic studies.

Based on recent co-citation bursts, the long-term safety and benefit-risk assessment of pharmacotherapies has
emerged as a prominent theme in this field. In AD, the 52-week follow-up data from the Measure Up 1 and Measure
Up 2 trials demonstrated that the efficacy of upadacitinib at both 15 mg and 30 mg was sustained over time, with an

overall safety profile consistent with earlier observations; however, the 30 mg group exhibited higher rates of certain
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infections and laboratory-related adverse events.’” The Heads Up head-to-head trial further showed that upadacitinib
30 mg was superior to dupilumab in skin clearance and itch relief, albeit with elevated rates of serious infections, eczema
herpeticum, herpes zoster, and laboratory abnormalities.®® In the IBD setting, clinical follow-up of tofacitinib in
ulcerative colitis indicated that the incidence of herpes zoster remained generally stable over time, with most episodes
being non-serious and confined to one or two dermatomes; nevertheless, advanced age and prior TNF inhibitor failure
were identified as independent risk factors.®® At a broader safety level, a cross-indication meta-analysis by Russell et al”’
found no significant difference in malignancy risk between JAK inhibitors and placebo or methotrexate, yet
a significantly higher risk compared with TNF inhibitors. Notably, this difference was largely driven by the ORAL
Surveillance trial, which enrolled an elderly RA population enriched for cardiovascular risk factors;* whether these
findings can be extrapolated to comorbid populations with distinct immunological backgrounds and baseline risk profiles,
such as patients with concomitant AD and IBD, warrants further investigation. As the indications for JAK inhibitors
continue to expand, how to balance efficacy and safety in light of the specific risk profiles of patients with co-existing AD
and IBD remains a critical question for future clinical research.

Limitations

This study has several limitations. First, only original articles and reviews published in English were included, which may
have resulted in the omission of non-English literature and other study types. Second, although the combined search of
WoSCC and Scopus helped improve coverage, differences between the two databases in journal indexing scope and citation
update frequency make retrieval gaps unavoidable. Third, although the search strategy required the co-occurrence of AD- and
IBD-related terms, some included records may have addressed both conditions within a broader context of immune- or
inflammation-related diseases. Therefore, terms such as systemic lupus erythematosus, alopecia areata, and chronic obstruc-
tive pulmonary disease should be interpreted as reflecting broader shared inflammatory pathways or interdisciplinary contexts.
Future studies could apply stricter record-level relevance validation to further improve dataset specificity. Fourth, recently
published studies, particularly those from 2025, may be affected by delays in database indexing and citation accumulation,
which could lead to underestimation of the importance of emerging topics. Fifth, open-access articles generally have greater
visibility and are more likely to be cited; therefore, citation and co-citation frequencies should be interpreted as indicators of
scholarly attention rather than direct measures of scientific quality.

Conclusion
This study conducted a systematic bibliometric analysis of the research literature at the intersection of AD and IBD. The
results revealed a sustained upward trend in publication output, with a notably accelerated growth since 2020. Research
activity has been predominantly driven by North America and Europe, while Asia has emerged as a rapidly growing
contributor in recent years. The field has evolved into a multidisciplinary landscape anchored in immunology, allergy and
clinical immunology, dermatology, and gastroenterology. Current research priorities center on gut microbiota and immune
regulation, shared inflammatory pathways and immune-mediated comorbidities, therapeutic strategies involving biologics
and JAK inhibitors, as well as genetic susceptibility and causal inference. The research focus has progressively shifted from
epidemiological associations and inflammatory mechanism exploration toward clinical translation and safety evaluation.
Current evidence suggests that the association between AD and IBD may be underpinned by a shared patholo-
gical basis, including epithelial barrier dysfunction, immune dysregulation, microbial dysbiosis, and partially over-
lapping signaling pathways, rather than by simple comorbid co-occurrence. However, the bibliometric findings of
the present study reflect only the distribution of research hotspots; whether AD and IBD share common pathogenic
mechanisms remains to be confirmed by mechanistic studies. Several key issues remain unresolved, including
inconsistencies in the direction and magnitude of causal associations, insufficient validation of the long-term safety
of JAK inhibitors in comorbid populations, and a lack of high-quality clinical evidence for emerging interventions.
Moreover, as this study was based on bibliometric analysis, its conclusions may be influenced by the search strategy,
literature deduplication, and delayed citation accumulation for recent publications, and should therefore be inter-
preted in conjunction with future mechanistic and clinical evidence. Future research should further focus on
validating gut—skin axis mechanisms, refining precision stratification of comorbid populations, and evaluating the
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long-term risk—benefit profiles of targeted therapies. Strengthening interdisciplinary, inter-institutional, and interna-
tional collaboration will be essential to advance this field from associative description toward mechanistic investi-
gation and clinical translation.
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