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Objective: The comorbidity of pulmonary fibrosis and COPD/emphysema has garnered increasing attention. However, no biblio-
metric analysis of this comorbidity has been conducted thus far. This study aims to perform a bibliometric analysis to explore the
current status and cutting-edge trends in the field, and to establish new directions for future research.

Methods: Statistical computing, graphics, and data visualization tools such as VOSviewer, CiteSpace, Biblimatrix, and WPS Office
were employed.

Results: We identified a total of 1827 original articles and reviews on the comorbidity of pulmonary fibrosis and COPD/emphysema
published between 2004 and 2023. There was an observed increasing trend in publications related to this comorbidity. The United
States, Japan, and the United Kingdom were the countries with the highest contributions. Professor Athol Wells and the University of
Groningen had the highest h-index and the most articles, respectively. Through cluster analysis of co-cited documents, we identified
the top 17 major clusters. Keyword analysis predicted that NF-xB, oxidative stress, physical activity, and air pollution might be hot
spots in this field in the future.

Conclusion: This bibliometric analysis demonstrates a continuous increasing trend in literature related to the comorbidity of
pulmonary fibrosis and COPD/emphysema. The research hotspots and trends identified in this study provide a reference for in-
depth research in this field, aiming to promote the development of the comorbidity of pulmonary fibrosis and COPD/emphysema.
Keywords: COPD, pulmonary fibrosis, bibliometric analysis, VOSviewer, CiteSpace

Introduction

Chronic obstructive pulmonary disease (COPD) and pulmonary fibrosis are prevalent lung diseases that have a significant
impact on individuals’ health and mortality rates worldwide. Additionally, these chronic lung conditions impose
a substantial economic and clinical burden. Epidemiological investigations estimate the overall prevalence of interstitial
lung disease to be between 6.3 and 76.0 cases per 100,000 people.! The current prevalence of COPD is estimated to
range from 5% to 15%.> Risk factors such as smoking, aging, and various environmental factors are closely associated
with the development of COPD and interstitial lung disease. Furthermore, the pathogenesis of these conditions involves
factors such as inflammation, oxidative stress, heredity, and genetic molecules. Therefore, it is imperative to advance
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research on COPD, interstitial lung disease, and their comorbidities. This includes optimizing imaging and pulmonary
function tests and enhancing the level of diagnosis and treatment. By doing so, we can significantly improve individuals’
life and health while reducing the economic burden associated with these diseases.

In recent years, there has been a growing recognition of the association between comorbidities of COPD and
pulmonary fibrosis/emphysema, particularly regarding pathogenic factors, pathogenesis, as well as clinical diagnosis
and treatment. To gain insights into the current state and future trends in the field of comorbidities of pulmonary fibrosis
and COPD/emphysema, it is valuable to employ bibliometric analysis. Bibliometrics is a scientific methodology that
employs mathematical, statistical, and quantitative techniques to analyze the distribution, structure, quantitative relation-
ships, and patterns of literature in a specific field.> By conducting bibliometric analysis, we can visually examine and
identify research directions, hot areas, and frontier directions. While bibliometric analyses have been conducted in
various medical fields, there has been no such study undertaken specifically on the comorbidities of COPD and
pulmonary fibrosis/emphysema. Therefore, this study aims to fill this gap by employing bibliometric analysis to identify
relevant research published between 2004 and 2023. Through visual examinations, we aim to identify current research
hotspots and predict potential future directions of inquiry.

Methods

Paper Retrieval and Data Extraction

In this study, a systematic literature search was conducted in the Web of Science Core Collection (WoSCC) to retrieve
published articles from 2004 to 2023. The search strategy employed was TS=(“COPD” OR “chronic obstructive
pulmonary disease*” OR “emphysema” OR “pneumonectasia”) AND TS=(“pulmonary fibrosis”) to gather articles and
reviews pertaining to the comorbidity of pulmonary fibrosis and COPD/emphysema. The retrieval process was completed
by April 28, 2023. Only English articles and reviews were included in the analysis, while other publication types such as
meeting abstracts, editorial materials, letters, proceeding papers, early access articles, book chapters, corrections, and
retracted publications were excluded. Duplicate publications were identified and removed using Citespace. In total, 1290

articles and 537 reviews were collected and analyzed (Figure 1).
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Bibliometric Analysis

Bibliometric indicators, including the number of publications (NP) and total citations (TC), were analyzed from the
WoSCC database to assess the quality of the publications. In certain cases, the H-index was used to evaluate the scholarly
achievements of regions or countries, journals, institutions, and individuals. For statistical computing, graphics, and data
visualization, we employed various tools such as VOSviewer, CiteSpace, Biblimatrix, and WPS Office. VOSviewer and
CiteSpace were utilized to extract and analyze potential information from the collected data, while Scimago Graphica
was employed to optimize the visual graphs. Biblimatrix, which is based on R, and WPS Office were used to plot the
statistical data.

Results

Annual Publication Trends

Using our search strategy, a total of 2313 papers and reviews published between 2004 and 2023 were identified, with
a cumulative total of 77,394 citations. The annual publication rate exhibited fluctuations, reflecting the pace and progress
of research in the field as well as the level of interest it has generated. The overall publication count can be accurately
modeled by a quadratic function (R2=0.997), indicating a consistent upward trend (Figure 2). It is anticipated that this
trend will continue to accelerate in the future.

Country Analysis
The analysis of publications from different countries provides valuable insights into the importance placed on a research
area by a country and the degree of influence it holds in that area. Table 1 displays the top ten countries receiving the
most total citations (TC), which can indicate a country’s influence and publication quality in the field of comorbidity of
pulmonary fibrosis and COPD/emphysema. The United States obtained the most citations (24,513) and publications
(545), followed by the Japan and United Kingdom with 5662 and 4945 total citations, respectively. However, the number
of citations does not always reflect the quality of publications. Mexico, United Kingdom, France produced high-quality
publications with average article citations of 91.2, 48.5, and 47.8, indicating that authors from these countries focused on
the hot topics of this area and produced quality papers. Conversely, China ranked third in the number of publications, but
its average article citations were the lowest among the top 10 TC countries, suggesting a need to improve the quality of
papers produced.

We utilized Vosviewer to generate cooperation and clusters between countries of all authors, and Scimago Graphica to
create a geographical map (Figure 3A). Among the different cooperative network clusters, inter-country cooperation was
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Figure 2 Trend of publications in comorbidity of pulmonary fibrosis and COPD/emphysema publications from 2004 to 2023.
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Table 1 Top 10 Countries Rated by Total Citation

Country TC Average Article Citations Publications
USA 24513 45.00 545
Japan 5662 26.30 215
United Kingdom 4945 48.50 102
Germany 3939 44.30 89
Italy 2493 29.30 85
China 2290 12.90 177
France 2248 47.80 47
Mexico 1642 91.20 18
Australia 1509 29.00 52
Canada 1482 28.00 53

Abbreviation: TC, total citation.

generally low, with only the United States exhibiting adequate inter-country cooperation in this area. This finding
suggests that countries should further deepen their cooperation to promote the development of the discipline. The trends
in the number of publications from each country over time are displayed in Figure 3B. The United States’ publication
rate has stabilized after peaking in 2015, while China’s publication rate has been consistently rising. The publication rates
of other countries have either remained stable or have shown an upward trend.

Author and Institution Analysis

The H-index is a metric that reflects the comprehensive influence and contribution of an author in a field. Table 2 presents
the top 10 authors with the highest H-index. Athol Wells from Imperial College London achieved the highest H-index
with 30 publications in this area, followed by Ivan O. Rosas and David Hansell. Bartolome Celli obtained the highest
number of total citations (4238). The co-occurrence network of authors and burst chart were explored using Citespace, as
shown in Figure 4A and B, respectively. Authors with a greater number of citations and publications tend to collaborate
more frequently. Additionally, Figure 4C visualizes the earliest publication time and publication volume of institutions,
generated by Scimago Graphica. Table 3 lists the top 10 institutions with the largest number of publications. The
University of Pittsburgh ranked as the most productive institution with 78 articles, followed by Brigham & Women’s
Hospital with 75 articles, and Mayo Clinic with 65 articles.

Bibliometric Analysis of Journal

The VOSviewer software was utilized to identify the most prominent and productive journals in the field of comorbidity
between pulmonary fibrosis and COPD/emphysema. A total of 3300 publications were found in 581 academic journals,
as presented in Table 4. RESPIRATORY MEDICINE, with an impact factor (IF) of 4.582 according to Clarivate’s
Journal Citation Reports, published the highest number of papers, totaling 54. CHEST, with an IF of 10.262,
ranked second and published 88 papers. BMC Pulmonary Medicine was found to be the most cited journal. The journal
co-occurrence map (Figure 4D) indicates that RESPIRATORY MEDICINE and CHEST are the two largest nodes.

Reference Analysis

The co-citation analysis of references plays a pivotal role in CiteSpace, facilitating the extraction of cluster labels based
on the cited documents.* These cited and citing documents serve as a representation of the forefront of research and
knowledge base.” Consequently, the analysis of typical clusters enables us to gain insights into the fundamental
information in this research field, as well as its evolution and development. In our investigation on the comorbidity of
pulmonary fibrosis and COPD/emphysema, we employed a scaling factor of k = 25 and utilized the g-index to identify
homogeneous groups of highly cited documents pertinent to this field. Furthermore, we thoroughly examined and
elucidated the co-citation relationships among references.
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Figure 3 (A) Inter-country cooperation network map. (B) Trend of publication volume by each country.

Cluster analysis offers a means to delve into the knowledge structure and research interests’ boundaries. By
conducting cluster analysis on co-cited documents, we have effectively summarized the research areas within this field
and explored the prevailing trends and research directions.® From the total of 77,401 references cited in the articles, we

International Journal of Chronic Obstructive Pulmonary Disease 2023:18

https://doi.org/10.2147/COPD.S426763 20 I 3

DovePress


https://www.dovepress.com
https://www.dovepress.com

Fang et al Dove

Table 2 Top 10 Authors Rated by h-Index

Element H-Index TC NP PY_Start
Wells AU 23 2291 30 2004
Rosas 10 18 1923 25 2008
Hansell DM 17 1289 19 2007
Martinez FJ 16 1484 25 2004
Cottin V 13 1824 20 2005
Hunninghake GM 13 1053 25 2011
Jacob | 13 636 14 2015
Bartholmai BJ 12 696 13 2007
Kreuter M 12 567 17 2014
Selman M 12 1485 14 2005

Abbreviations: TC, total citation; NP, number of publications; PY-start, publication year of
start.

extracted 72 distinct clusters. Subsequently, we identified the 17 major clusters based on cluster labels derived from the
titles of the cited articles using the Log-likelihood ratio (LLR) and mutual information (MI) algorithm. These clusters
include #0 pulmonary fibrosis, #1 cardiopulmonary exercise testing, #2 cellular senescence, #3 cigarette smoke, #4
smoking-related interstitial lung disease, #5 lung transplantation, #6 possible biomarker, #7 lung development
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Table 3 Top 10 Most Publication Institutions

Institutions Articles

Univ Pittsburgh 78

Brigham and Women's Hosp 75

Mayo Clin 65

Univ Michigan 63

Univ Penn 63

Johns Hopkins Univ 62

Royal Brompton Hosp 60

Univ Ulsan 56

Lund Univ 54

Univ Groningen 54

Table 4 Top 10 Most Publication Journal

Source Documents | Citations | Total Link Strength
Respiratory medicine 54 648 10,275
Chest 53 1494 6843
European respiratory journal 49 226 8431
PLoS one 48 453 6985
American journal of physiology-lung cellular and molecular physiology | 43 202 2703
American journal of respiratory and critical care medicine 37 391 7610
BMC pulmonary medicine 37 3834 7904
Respirology 36 138 6958
Respiratory research 35 534 5664
American journal of respiratory cell and molecular biology 30 2239 1855

homeostasis, #8 distinct horn, #9 thiol proteins redox modulation, #10 current status, #11 mast cell, #12 matrix

metalloproteinases, #13 lung transplantation, #14 chronic lung injury, #15 stem cell treatment, and #17 elevated plasma
(Figure 5A). The modularity Q value of 0.7676 and the weighted mean silhouette of each cluster of 0.9026 indicate
reasonable cluster quality. Early clusters are depicted with purple contours, such as #4 and #5, while recent cluster labels

are represented with yellow contours, notably #14 (Figure 5B).
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The size of each node within the network corresponds to the betweenness centrality, which measures the likelihood of
a node lying on the shortest path between any two nodes in the network. Nodes with high betweenness centrality play
a crucial role as mediators between different clusters or within clusters, facilitating the exchange of research topics and
paradigms.”® Table 5 presents the top ten items ranked by centrality. Topping the list in terms of centrality is Alder JK
(2011) in Cluster #8, with a centrality score of 0.31. The second-ranked item is Lettieri CJ (2006) in Cluster #4, with
a centrality score of 0.26. Following closely, the third-ranked item is Demedts M (2005) in Cluster #5, with a centrality
score of 0.21. Gauldie Jack (2006) in Cluster #4 secures the fourth spot with a centrality score of 0.15. Hansell DM
(2008) in Cluster #0 claims the fifth position with a centrality score of 0.14. Additionally, Alder JK (2015) in Cluster #2
ranks sixth with a centrality score of 0.13. Notably, Cottin V (2005) in Cluster #4 and Akagi T (2009) in Cluster #0 both
secure the seventh position with a centrality score of 0.13. Furthermore, Cottin V (2009) in Cluster #0 and Cottin
V (2010) in Cluster #0 occupy the ninth and tenth positions, respectively, with centrality scores of 0.12 and 0.11. Notably,
four of the top ten references with the highest centrality are found in Cluster #0, while three are present in Cluster #4,

indicating the influential nature of these two clusters.

Keywords

VOSviewer was employed to conduct keyword co-occurrence and clustering analysis, resulting in the extraction of a total
of 6913 keywords (Figure 6A and B). Among these, 7 keywords appeared over 200 times, while 20 keywords appeared
over 100 times. The keyword density plot enabled the identification of high-frequency co-occurring words, shedding light
on research hotspots (Figure 6C). Excluding search terms, the most significant terms were “survival”, “asthma”, and
“diagnosis.”

Clustering analysis was then utilized to reveal the knowledge structure within the research area.” By assessing the
strength of connections between co-occurring keywords, the network was divided into four clusters, with each cluster
demonstrating clear homogeneity among its constituent terms. Cluster 1 (represented by the color red) emerged as the
most important, encompassing 89 projects related to inflammation, asthma, gene expression, oxidative stress, and
pathogenesis. The second cluster (green) comprised 61 projects focusing on the epidemiology of comorbidity between
pulmonary fibrosis and COPD/emphysema, exploring aspects such as survival, diagnosis, mortality, and lung transplan-
tation. Cluster 3 (blue) centered around the diagnosis of comorbidity between pulmonary fibrosis and COPD/emphysema,
featuring 34 projects involving computed tomography, classification, pneumonia, alveolitis, and respiratory bronchiolitis.
Lastly, Cluster 4 (yellow) primarily addressed lung cancer, encompassing 8 projects related to associations, biomarkers,
genome-wide associations, mac5b promoter, and mutations.

To showcase the evolutionary process across different clusters, a timeline map of high-frequency keywords was
generated using CiteSpace.'® Each keyword was positioned according to the year of its initial appearance, with the color
of the link indicating the simultaneous appearance of the two keywords. Keyword bursts were employed to detect the
frequency and magnitude of keyword occurrences, providing insights into the temporal relationship between clusters.

Table 5 Top 10 Most Centrality References

Centrality | References Cluster ID
0.31 Alder JK, 2011, AM J RESP CRIT CARE, V184, P904° 8
0.26 Lettieri CJ, 2006, CHEST, V129, P746'° 4
0.21 Demedts M, 2005, NEW ENGL ] MED, V353, P2229"' 5
0.15 Gauldie Jack, 2006, PROC AM THORAC SOC, V3, P696'> | 4
0.14 Hansell DM, 2008, RADIOLOGY, V246, P697"3 0
0.13 Alder JK, 2015, P NATL ACAD SCI USA, V112, P5099'* 2
0.13 Cottin V, 2005, EUR RESPIR }, V26, P586'° 4
0.12 Akagi T, 2009, RESP MED, V103, P1209'¢ 0
0.12 Cottin V, 2009, CHEST, V136, P1'7 0
0.11 Cottin V, 2010, EUR RESPIR }, V35, P105'8 0
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Top 25 Keywords with the Strongest Citation Bursts

Keywords Year Strength Begin End 2004 - 2023
lung transplantation 2004 9.05 2004 2013
alveolitis 2004 841 2004 2014
pulmonary fibrosis 2004 5.3 2004 2006
high resolution ct 2004 458 2004 2010
bronchoalveolar lavage flid 2006 5.45 2006 2011
growth factor beta 2007 6.61 2007 2015
primary graft dysfunction 2000 5122000 2014
interstitial lung disease 2005 545 2010 2012

thin section ct 2011 674 2011 2016
resolution computed tomography 2008 625 2011 2016

—
agnosis ung nonspecific interstitial pneumonia 2013 4.94 2013 2016 —
survival interstitial lung diseases 2010 552017 2019 a—
. outem 2015 487 2017 2020 ass—
mortality pirfenidone 2016 5.81 2018 2021 e ——
genome wide association 2018 5.19 2018 2019 p—
prevalence 2007 478 2018 2019 p—
risk factors 2012 6.38 2019 2021 P—
statement 2018 5.54 2019 2023 e S—
heart failure 2019 4.49 2019 2020 J—
respiratory diseases 2020 7.08 2020 2023 PR
nf kappa b 2007 5.65 2020 2023 p—
oxidative stress 2006 4381 2020 2023 —
physical activity 2020 4.67 2020 2023 —
asthma 2004 4.89 2021 2023 —

air pollution 2021 45 2021 2023

C D

Figure 6 (A) The keywords were divided into 4 categories according to different colors, where the size of the nodes indicates the frequency of occurrence. (B)
Visualization of the keyword co-occurrence network according to the average years of publication (Keywords in yellow appear later than those in purple). (C) Visualization
of the keyword co-occurrence density. (D) The top 25 keywords with the strongest citation bursts.

Through this keyword timeline map and burst analysis, the temporal characteristics of clustering were depicted,
uncovering hotspots and frontiers within the research area. In total, 25 keywords representing the research field
appropriately in terms of burst intensity, duration, and timing were identified through CiteSpace’s burst analysis of
keywords and timeline analysis (Figures 7A and 6D). Additionally, a trend topic analysis generated by Biblimatrix
(Figure 7B) was conducted.

Discussion

In this pioneering study, we conducted a comprehensive analysis of the current status and development trends in the
comorbidity of pulmonary fibrosis and COPD/emphysema using bibliometric analysis. Our search of the WoSCC
database yielded a total of 2313 papers and reviews published between 2004 and April 28, 2023. To gain insights into
the spatial and temporal distribution, author contributions, and journal quality of these articles, we utilized CiteSpace and
VOSviewer. Additionally, we performed burst hotspot analysis, cluster analysis, and keyword analysis to identify the
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current areas of research focus and frontiers in the comorbidity of pulmonary fibrosis and COPD/emphysema. The
analysis of annual trends in published publications revealed a dynamic change, with 18 annual publications in 2004 and
a significant increase to 201 publications in 2021. Although there were decreases in the number of publications in 2006,
2019, and 2022, the overall trend indicates a rise in the number of publications. It is worth noting that the decreases in
publication numbers during these years may be associated with the COVID-19 pandemic.

Through an analysis of countries and institutions, it is evident that the United States, Japan, the United Kingdom,
Germany, and Italy are the top five countries in terms of citation frequency, indicating their significant influence in this
field. Mexico, on the other hand, surpasses other countries in terms of average number of citations, suggesting the high
quality of Mexican papers in this field. While China ranks 6th in terms of citations and 3rd in total publications, it falls
within the top 10 in average citations, underscoring the need to enhance the quality of Chinese papers. Furthermore, the
top 10 countries are primarily concentrated in Europe and the North America, with only the United States demonstrating
sufficient national cooperation in this field. Therefore, it is recommended that countries deepen their collaborations to
foster the advancement of disciplines. In terms of publication trends, the United States experienced a peak in publication
rate in 2015, which then stabilized at a significantly higher level compared to other countries. Conversely, China’s
publication rate has continued to rise, indicating its considerable potential for development in this field.

The analysis of the top ten authors of the H-index showed that Athol Wells from Imperial College London topped the
list with an H-index of 23. He is a consultant in respiratory medicine at Royal Brompton Hospital and clinical and
academic lead for the interstitial lung disease unit at Royal Brompton Hospital. His research focuses on lung fibrosis,
associated autoimmune disorders, idiopathic pulmonary fibrosis, interstitial lung disease and all forms of sarcoidosis.
Ivan O Rosas from Baylor College of Medicine ranked second with an H-index of 18, whose research focuses on
monocytes and transforming growth factors in idiopathic pulmonary fibrosis. David Hansell from Imperial College
London ranked third with an H-index of 17. He is emeritus Professor of thoracic imaging at the National Heart and Lung
Institute at Imperial College London. His primary research focus is on the application of high-resolution computed
tomography to characterize and quantify diffuse lung disease. They both concentrated on and researched interstitial lung
disease. In terms of the most significant citation burst, Cottin Vincent’s was the earliest (2011), while Athol Wells had the
longest burst (2013-2018). Maria Kokosi and Jacob Joseph experienced the strongest burst. Among them, Cho Michael
H have great potential for a burst, which has persisted from four years ago until now. Co-occurrence networks among
authors were analyzed, revealing that those with higher citation and publication rates exhibited greater proclivity towards
active collaboration. Athol Wells emerged as a central hub within the network, likely due to its high H-index and strong
citation burst. Based on the above analysis, it can be inferred that research pertaining to interstitial lung disease is likely
to become a prominent area of focus in the future.

In terms of the number of publications of institution, University of Pittsburgh ranked first with 78 articles, Brigham &
Women’s Hospital ranked second with 75 articles and Mayo Clinic ranked third with 65 articles. University of
Pittsburgh’s researched involved basic science, including genetic and molecular studies, and therapeutic applications
of pulmonary fibrosis. It paid attention to the pathology of COPD and novel therapeutic targets as well. Brigham &
Women’s Hospital focused on the cellular and molecular mechanisms of fibrosis, some treatment options and their
efficacy. And the global burden of disease was involved, too. The analysis of the change of publication frequency over
time shown in Figure 4B found that the majority of top 10 institutions had high frequency in early 2010s, while more
new institutions have emerged with increasing frequency from late 2010s. In recent years, University of Technology
Sydney, Qingdao University and Charles Darwin University have shown a high publication frequency.

From the analysis of journal, RESPIRATORY MEDICINE (IF=4.582) had the most published papers and the highest
total link strength which indicating its significant role in this research area. CHEST (IF=10.262) had published 53 articles
ranked second while its citations was much higher than RESPIRATORY MEDICINE, suggesting a higher quality of
publications. Additionally, BMC PULMONARY MEDICINE was the most cited journal with the citation of 3834,
followed by MOLECULAR BIOLOGY with the citation of 2239, indicating they had a great influence in the area. From
the analysis of the journal co-occurrence map, RESPIRATORY MEDICINE and EUROPEAN RESPIRATORY
JOURNAL were two journals with the highest total link strength, suggesting their contribution to collaborations
among institutions in this area. Besides, respiratory-related established journals had played a vital role before 2016,
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while some new cancer-related journals have shown an increasing publication frequency nowadays. Therefore, respira-
tory cancer may be a new research hotspot.

Based on the Log-likelihood ratio (LLR) and mutual information (MI) algorithm, we identified 17 major clusters from
a total of 77,401 cited references in the articles. These clusters were extracted from their corresponding article titles and
represent a subset of the original 72 clusters, such as #0 pulmonary fibrosis, #1 cardiopulmonary exercise testing, #2
cellular senescence, #3 cigarette smoke, #4 smoking-related interstitial lung disease, #5 lung transplantation, #6 possible
biomarker, #7 lung development homeostasis, #8 distinct horn, #9 thiol proteins redox modulation, #10 current status, #
11 mast cell, # 12 matrix metalloproteinases, #13 lung transplantation, #14 chronic lung injury, #15 stem cell treatment,
#17 elevated plasma. Most of the clusters were centered around research on mechanisms and clinical classification of
COPD and pulmonary fibrosis, as well as treatment methods and disease prognosis. However, the focus of clustering
varies.

The following clusters delve into the clinical classification, diagnosis, and treatment recommendations of respiratory
diseases, specifically idiopathic fibrosis. Cluster #0 explores clinical conditions associated with pulmonary fibrosis,
including idiopathic interstitial pneumonia, idiopathic fibrosis, and pulmonary fibrosis combined with emphysema. This
cluster establishes more precise classification and diagnostic criteria for these conditions, distinguishing them from one
another, and emphasizes the necessity of actively pursuing accurate diagnosis and treatment strategies in clinical
research. The implications of these findings are significant, as they can greatly impact subsequent diagnoses, treatments,
and even prevention efforts.”>?* Cluster #1 primarily focuses on the latest clinical research concerning idiopathic
pulmonary fibrosis, encompassing clinical classification, diagnostic criteria, cutting-edge methodologies, the influence
of comorbidities on disease progression, and the effectiveness of various drug treatment modalities. Advancements in
these areas are crucial for ongoing patient care and improving prognoses.>* >’

The following clusters are dedicated to studying the pathogenesis of related diseases, including idiopathic fibrosis, by
investigating genes, signaling pathways, cellular mechanisms, and more. Cluster #2 focuses on elucidating the mechan-
isms of cellular senescence in idiopathic fibrosis. Lung senescence, characterized by an increased number of senescent
cells, is believed to directly contribute to various age-related respiratory diseases. Targeting cellular senescence through
therapeutic interventions could potentially delay or even reverse age-related respiratory diseases. By exploring the
correlation between cellular senescence mechanisms and respiratory diseases like idiopathic fibrosis, this research
significantly contributes to future clinical drug development and other therapeutic investigations.”®>° Cluster #3
primarily engages in fundamental research on the cellular and molecular mechanisms underlying pulmonary fibrosis.
It investigates related genes, regulatory factors, and cellular pathways to gain a deeper understanding of the pathogenic
mechanisms of this disease. These findings serve as a foundation for the development of more effective treatments.>'
Cluster #7 delves into the intricate cellular and molecular mechanisms underlying pulmonary fibrosis. It focuses on tissue
remodeling, structural alterations in fibrotic lesions, and aberrant cell populations. These insights provide novel
perspectives for developing targeted therapeutics.”>>* Cluster #8 explores the cellular and molecular mechanisms of
lung tissue and their implications for treatments. It demonstrates that age-related lung diseases share common mechan-
isms, such as telomere shortening, abnormal tissue remodeling, and functional damage. This understanding offers more
preventative and therapeutic options for clinical practice, including cell therapy.’***! Cluster #9 investigates the crucial
role of Redox regulatory proteins, oxidative stress, and inflammatory response in the pathogenesis of pulmonary diseases,
including pulmonary fibrosis. A comprehensive understanding of these mechanisms underlying lung injury may lead to
effective intervention strategies to halt the progression of parenchymal lung disease and guide clinical management.***>
Cluster #11 presents novel clinical treatment strategies based on fundamental research on genes, cellular mechanisms,
and pathways associated with chronic lung diseases, including pulmonary fibrosis.***° Cluster #12 investigates altera-
tions in proteases and transformation factors associated with respiratory diseases, such as COPD and pulmonary fibrosis,
and identifies novel therapeutic targets for treatment.’*>> Cluster #15 focuses on exploring the clinical research and
mechanisms of stem cells in chronic lung diseases, such as idiopathic fibrosis and COPD, highlighting their immense
therapeutic potential in this field. This offers a novel approach to clinical treatment that complements conventional drug

therapies.>*>°
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The following clusters focus on the clinical diagnosis and treatment of respiratory diseases, particularly idiopathic
fibrosis. Cluster #5 centers around lung transplantation treatment for end-stage parenchymal or pulmonary vascular
diseases. It emphasizes the importance of disease classification, diagnostic criteria, and prognostic performance to
provide more precise treatment options.''>’>° Cluster #6 showcases the efficacy of drug therapy in treating idiopathic
fibrosis through clinical trials. It highlights the significance of monitoring disease progression and managing potential
complications during treatment.®®®* Cluster #13 delves into the advancements and current status of lung transplantation
as a treatment for respiratory diseases. It also discusses the various guidelines that dictate the requirements for this
procedure. The research emphasizes the need for rigorous evaluation standards to enhance surgical outcomes and
improve patient survival rates.®*®” Cluster #17 primarily focuses on mechanistic studies and explores the correlation
between elevated plasma levels post-lung transplantation. This research facilitates timely assessment and early prediction
in future research endeavors.®®”!

The following clusters discuss the pathogenic factors and provide a current status analysis of pulmonary fibrosis and
related diseases. Cluster #4 focuses on the investigation of smoking as a significant risk factor for interstitial lung disease.
It proposes the assessment of COPD prognosis in combination with pulmonary fibrosis and emphysema. These findings
have substantial implications for disease prevention, raising public awareness, and evaluating treatment prognosis.'>’>7
Cluster #10 reveals that chronic respiratory diseases, including COPD, remain the leading causes of death and disability
globally. The etiology of these diseases varies significantly across regions and genders, necessitating ongoing attention.
Studies on extracellular vesicles and PMN-derived exosomes suggest their potential as biomarkers and therapeutics.”*”’
Cluster #14 establishes a strong correlation between idiopathic fibrosis and the prevalence of lung cancer based on
epidemiological data.”®®' Other lung injuries also impose significant economic and clinical burdens. Clinical examina-
tions, such as low-dose CT scans, prove effective in screening for these diseases, enabling timely clinical interventions
and treatments.

Keyword co-occurrence analysis, cluster analysis, outbreak intensity analysis and time plot analysis can be utilized to
explore research directions, hotspots and development lines in this field. The most frequent keywords in this field were
“survival”, “asthma” and “diagnosis” based on keyword co-occurrence. The co-occurrence network was divided into four
main clusters according to connection strength: #1 inflammation, asthma, gene expression, oxidative stress and patho-
genesis, #2 epidemiology, #3 diagnosis of comorbidities, and #4 lung cancer. Currently, the primary research focuses in
pulmonary fibrosis and emphysema are centered on disease pathogenesis and epidemiological analysis, which will
enhance our comprehension of these conditions. Furthermore, improved diagnosis of comorbidities and understanding
the correlation between pulmonary fibrosis and cancer will facilitate better treatment and prevention strategies for these
diseases.

Based on keyword outbreak mapping analysis, physical activity, air pollution, and oxidative stress have shown
notable trends over the last three years. Notably, keywords like physical activity and air pollution exhibit a pronounced
upward trend that has garnered increased research focus aimed at preventing associated respiratory illnesses. Before the
onset of the disease, attention should be paid to the prevention of causes and the enhancement of physical fitness. The
investigation of these keywords is significantly valuable in mitigating the incidence of associated pulmonary ailments and
alleviating the medical and economic burden stemming from disease treatment. The exploration of NF-kB and oxidative
stress exhibits a promising trajectory for elucidating the mechanisms underlying COPD and interstitial lung disease. The
proliferation of such keywords indicates the shift of related lung diseases towards the molecular stage, which is a rapidly
growing area for future research in this field with promising prospects.

Through the analysis of the keyword timeline diagram, objective tracking of research hotspots and trends at different
time points can be achieved. Prior to 2009, the field’s research hotspots were primarily focused on clinical symptom
mechanisms. From 2009 to 2017, attention was directed towards CT and computed tomography for pulmonary fibrosis
screening. At the same time, the research on the mechanism of the disease is also more in-depth and more detailed. Since
2017, the research on disease-related mechanisms has gradually deepened from the cellular level to the molecular and
genetic level, and disease-related complications and prognosis have gradually attracted more and more attention. By
analyzing the burst intensity of keywords at different time points, early lung transplantation emerges as the most
explosive research content in this field. In recent years, increasing attention has been paid to the molecular mechanism
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of NF-kB and oxidative stress, which have become the focus of mechanism research. Overall, respiratory diseases and
disorders remain a hot topic in recent years. Therefore, it is reasonable to speculate that in future research directions,
attention should be paid to the association of mechanisms related to pulmonary fibrosis and COPD with other respiratory
diseases. This will benefit the clinical diagnosis and treatment of these diseases.

We have conducted a comprehensive literature review on the correlation between chronic respiratory diseases, such as
COPD and pulmonary fibrosis, and air pollution, and have drawn several conclusions. Through the examination of
relevant literature on air pollution, it has been discovered that prolonged exposure to atmospheric pollutants may increase
the susceptibility to respiratory illnesses such as IPF, COPD, and lung cancer. These findings serve as a reminder that we
must not only be mindful of the impact of industrial air pollution but also take into account everyday sources of air
contamination like kitchen fumes and vehicular exhaust. Air pollution not only increases the incidence of respiratory
diseases, but also correlates with poor prognosis and heightened mortality rates. Therefore, future research should focus
on elucidating the mechanisms underlying air pollution-induced illnesses, while patients must be reminded to take active
interventions in clinical practice. We have primarily focused on NF-kB and oxidative stress in our literature review of the
pre-correlation mechanism, from which we have drawn several conclusions. Enhanced expression of cytokines and
growth factors in COPD and pulmonary fibrosis has been demonstrated to activate the NF-kB signaling pathway, thereby
promoting disease onset and progression. This discovery underscores the importance of signaling pathways in health
care, and it has been demonstrated that pharmacological interventions targeting these mechanisms can effectively
ameliorate excessive inflammation and pulmonary fibrosis.** This suggests that future research should prioritize
investigating relevant signaling pathways in order to facilitate the development of drugs that can more effectively
meet clinical needs. Relevant research has indicated that oxidative stress primarily affects patients’ related structures and
functions of lung through the oxidation of proteins, activation of proteases, and reduced sensitivity to calcium. The
implication of oxidative stress in the pathogenesis of this disease implies that antioxidant therapy may be a viable
treatment option. Although research in this area is limited, it holds great potential for future investigation and clinical
application. We conducted a comprehensive literature review on physical activity and derived several pivotal conclu-
sions. Studies suggest that the exercise mechanism in COPD diaphragm may involve enhancing antioxidant capacity,
reducing oxidase activity and improving mitochondrial function with regards to oxidative stress.® Physical inactivity is
a common occurrence among individuals with COPD and has been associated with unfavorable outcomes. Therefore,
physical exercise plays a pivotal role in enhancing and preventing COPD, pulmonary fibrosis, and other related ailments.
However, the significance of physical activity is often underestimated. Further endeavors are required to devise long-term
strategies for sustaining improvements or averting declines in physical activity levels. According to modern medical
research, COPD with pulmonary fibrosis is strongly associated with smoking, epithelial-mesenchymal transition, airway
inflammation, genetic susceptibility, occupational exposure, and other factors.'>’® Airway inflammation is the main
pathological process leading to COPD, and smoking and other causes cause large numbers of inflammatory cells to
converge in the airways. Under the action of a variety of inflammatory factors, a large number of inflammatory
mediators, such as interleukin-6, interleukin-8, C-reactive protein, TNF-o, TGF-p, etc., are released, which cause damage
and repair reactions in lung parenchyma, lung interstitium and lung vessels. Traditional Chinese medicine also has
a corresponding understanding of COPD, which is complicated by pulmonary fibrosis. Based on the theory of traditional
Chinese medicine (TCM), a variety of pathogenesis is proposed, mainly based on root deficiency and branch excess. In
addition, various diseases and syndromes have been proposed based on TCM theory. Different treatments are given
according to the disease. In terms of treatment options, a variety of approaches can be chosen. Traditional Chinese
medicine decoction is the principal treatment, and appropriate prescriptions are selected according to the different
diseases. Additional TCM treatments are also available. For example, the combination of moxibustion and traditional
Chinese medicine decoction, thread embedding and TCM application therapy can also be used.®* TCM features
personalized treatment at diagnosis and has the advantage of less trauma during treatment. However, there is a lack of
basic research on the treatment of COPD with traditional Chinese medicine for pulmonary fibrosis.®> Traditional Chinese
medicine is an important part of complementary and alternative medicine. At present, there are some deficiencies in the
clinical research or basic research of traditional Chinese medicine in the treatment of the disease, such as the course of
treatment, curative effect, side effects, etc., but we believe that this will also become the next breakthrough point of
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traditional Chinese medicine research. Therefore, TCM treatment has great potential in the future research process of this
disease.

Conclusion

Bibliometric analysis using CiteSpace and VOSviewer software was employed to gain a comprehensive understanding of
the research progress, hotspots, and future trends in comorbidity of pulmonary fibrosis and COPD/emphysema over the
past 19 years. The analysis revealed that there is an urgent need for enhanced cooperation and exchange among countries,
institutions, and authors. This objective and quantitative approach provides crucial insights for researchers seeking to
comprehend the structural and temporal dynamics of the field. By leveraging these findings, future research can focus on
disease mechanisms, as well as diagnosis and treatment, in order to address the remaining challenges in the field.
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