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Traditional Chinese medicine (TCM) has been successfully used
to treat asthmatic conditions for centuries. Nevertheless, the
current hotspots and research frontiers on TCM for asthma have
not been systematically investigated on the basis of bibliometric
analysis. In this study, a scientometric analysis (1991-2021) was
carried out on 3081 journal articles obtained from the Web of
Science Core Collection database to explore the basic
characteristics, research hotspots, and frontiers of TCM in
asthma research. The results revealed the following: (1) Research
on TCM in asthma has received widespread attention since the
beginning of the 21st century; perhaps 2009 was an important
turning point. TCM in asthma research shows a trend of
interdisciplinary development. (2) Well-known universities/
institutions in China, the United States, and South Korea have
conducted the main body of current TCM research in asthma.
JingCheng Dong (Fudan University, China) and XiuMin Li
(Mount Sinai School of Medicine, USA) are the top 2 leading
authors in this field. However, there is still a lack of international
cooperation in the field of TCM in asthma research, and the
influence of researchers in China and South Korea still needs
improvement. (3) The Journal of Allergy and Clinical
Immunology ranks first in the research field on the influence of
TCM in asthma. (4) Hotspots and frontiers of TCM in asthma
are provided according to the timeline analyses of the research.
In the former, complementary medicine, alternative treatment,
allergic rhinitis, airway remodeling, Dietary Approach to Stop
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Hypertension diet, and eosinophilic esophagitis are in the
exploratory stage. In the latter, pharmacology, essential oil, gut
microbiota, and oxidative stress were investigated from 2006
until late 2021 as period B, which contradicts period A (1991-
2005). Moreover, limitations of this bibliometric analysis and the
study of TCM research in asthma still exist, which are sufficiently
important to warrant further investigations. Finally, we propose
the significant importance of the real quintessence and
characteristics of TCM in clinical and future research. (J Allergy
Clin Immunol Global 2022;1:185-97.)

Key words: Traditional Chinese Medicine, asthma, bibliometric
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Asthma is a chronic inflammatory disease that affects the
airways of the lungs and is now a major public health problem.
Asthma affects 262 million people worldwide and causes almost
half a million deaths per year.'” Epidemiologic studies show an
annual increase in the number of diagnosed patients with asthma,
indicating that half a billion people will suffer from some kind of
asthma-related condition by 2025.% Asthma is still an incurable dis-
ease, and the concept of continuous “asthma control” was pro-
posed by the Global INitiative for Asthma in 2009." Thereafter,
current treatments have targeted asthma symptoms to reduce the
risk of severe inflammation and obstruction of the airways.' How-
ever, despite asthma control treatments, a significant proportion of
patients with asthma do not achieve sustained asthma control™ and
the long-term use of medication for managing this condition places
a substantial burden on health care resources.” Under these circum-
stances, potential alternatives to asthma treatment are needed.

Traditional Chinese medicine (TCM) involves a broad range of
therapies that share common medicinal concepts developed in
China for more than 2500 years.” TCM includes different, but
complementary, forms of treatments, such as herbal medicine,
acupuncture, moxibustion, and manipulation. A series of Chinese
herbal formulas have been cataloged since the Eastern Han Dy-
nasty (25-220 AD) to treat asthma and asthmatic conditions.
For example, the classic monograph “Treatise on Cold Damage
and Miscellaneous Diseases” written by Zhang Zhongjing
(150-219 AD), the medical saint in China, reported the treatment
of different types of asthma with herbal formulas (eg, Xiao Qing
Long Tang, Ma Xing Shi Gan Tang, and Ma Huang Tang).
Currently, these herbal formulas still play an important role in
Chinese society and health care. Fundamental and clinical studies
have suggested that TCM-based therapies do prevent asthma at-
tacks and improve the patient’s condition.” "'
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Abbreviations used
ASM: Airway smooth muscle
DASH: Dietary Approach to Stop Hypertension
OAPLM: Online Analysis Platform of Literature Metrology
TCM: Traditional Chinese medicine

With asthma problems increasing globally, studies based on
TCM and asthma control have intensified'>'* and expanded in
scope from the medical field to include human society and the na-
tional economy.'* However, considering the large number of pub-
lications and the diversity of topics covered, a quantitative
analysis of studies on TCM in asthma is needed to understand
the current status, hotspots, and frontiers. Research hotspots are
current science issues or special subjects addressed by a cluster of
studies with interconnections over a short period of time.
Research frontiers are research issues and fields with the
featuresof being the newest, most advanced, and with potential
development.'” In the present study, we conducted a systematic
review and a visual bibliometric analysis (CiteSpace software
and the Online Analysis Platform of Literature Metrology
[OAPLM]) of published data on TCM in asthma treatment to
explore research hotspots and frontiers, and form a panoramic
knowledge network structure.

METHODS

In the present study, CiteSpace software'®'® and the OAPLM platform
(http://bibliometric.com/) were used to conduct a visual bibliometric analysis
of published works on TCM and asthma from 1991 to 2021. CiteSpace soft-
ware, as the primary analysis software, is used for analyzing collaborative in-
stitutions, authors with the most publications, preferred journals, most-cited
publications, hotspots, and frontiers. The OAPLM platform, as a supplemen-
tary analysis tool, is used to analyze the trends of publication and cooperation
between countries. We obtained different visual knowledge maps by setting
different parameters, such as term source (keyword) and node type (coun-
try/institution, cited author, keyword/term, and cited reference).

Data sources and search strategies

A literature search was conducted using the Web of Science Core
Collection database on September 14, 2021. We used the following keywords:
for traditional Chinese medicine, Topic = (Traditional Chinese Medicine or
Traditional Chinese and Western Medicine or Chinese Medicine or Chinese
Patent Medicine or TCM or a decoction of medicinal ingredients or decoction
or herb or Chinese herbology or herbal or ethnodrug or popular prescription
or Chinese herbal pieces or hospital preparations or acupuncture or needling
orneedle or acupoints or acupoint application or trigger point or fire needle or
electroacupuncture or electro-acupuncture or manual acupuncture or hand
acupuncture or auricular needle or auriculo-acupuncture or ear acupuncture
or pyonex or three-edged needle or plum blossom needle or scalp acupuncture
or dermal needle or channels and collaterals or meridian or acupuncture and
moxibustion or moxibustion or moxa-moxibustion or burnt mugwort therapy
or acupotomy or sunken cord or cupping or heated cup therapy or gallipot or
manipulation or massage or tuina or scraping or guasha or scraping therapy or
qigong or Tai Ji or five-element music or Tao yin or dietary therapy or treat-
ment based on syndrome differentiation). For asthma, Topic = (asthma or
asthmatic or anti-asthmatic or antiasthma or bronchial hyperreactivity or res-
piratory hypersensitivity). After a primary data search, researchers screened
the manuscripts to ensure their relevance to the present study. The inclusion
criteria were as follows: (1) Document Type: Articles and Review articles;
(2) Timespan: January 1, 1991, to September 14, 2021; (3) For the OAPLM
platform, Web of Science Index: Science Citation Index Expanded. Exclusion
criteria: Duplicated articles were removed.
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CiteSpace software analysis

Full records and cited references of these publications were downloaded from
the Web of Science Core Collection database, saved in text format (.txt), and
then imported into CiteSpace software V5.8 R1 SE, 64 bits (Drexel University,
Philadelphia, Pa), using the following settings: time slicing from January 1991
to September 2021, years per slice choosing 1. We used the method conducted
by Luo et al'® The selection used a modified g index in each slice:
g2 <Ky, <> k€Z*, k = 25. For interinstitutional analysis, we selected
“Institution” as the node type and default values for other settings. For coauthor-
ship network analysis, we selected “Author” as the node type. For document co-
citation, we selected the following parameters: “References” as the node type,
and “Pathfinder” and “Pruning the merged network” as the Pruning parameter
to highlight important structural features. For keywords detection, we selected
“Keywords” as node type and “Burst Terms” as term type and the “Cosine” op-
tion to calculate burst strength. We selected the first 24 keywords with the stron-
gest burst strength. In CiteSpace, betweenness centrality measures the number
of times a node (eg, | article, 1 author) lies on the shortest path between other
nodes. Generally, a node of high centrality is usually one that connects 2 or
more large groups of nodes, and has a significant influence on a network.”’

Bibliometric online platform analysis

For publication trends among countries and intercountry/regional cooper-
ation analysis, we used the OAPLM platform (http://bibliometric.com/). Full
records and cited references of these publications were downloaded from the
Web of Science Core Collection database. We set the Web of Science Index to
“Science Citation Index Expanded,” and saved it in UTF-8 format. We then
exported all filtered data into the OAPLM platform for a “total literature anal-
ysis.” For intercountry/regional analysis, we chose “partnership analysis.”

RESULTS
Analysis of published articles

A total of 3082 publications met the inclusion criteria, and 1
publication was removed because of duplication. We then
identified 2343 articles, 640 review articles, 64 proceedings papers,
17 book chapters, 16 early access articles, and 1 data article from
the 3081 selected studies. A total of 3081 articles were included in
the final analysis in CiteSpace software. Meanwhile, 2820 Science
Citation Index Expanded articles were qualified and included in the
final analysis on the OAPLM platform.

From our initial results, we dividled TCM and asthma
publications into 2 separate periods (Fig 1, A): an early stage
(1991-2008) with fewer than 100 publications/y and a late stage
(2009-2021) with more than 100 publications/y, reaching more
than 200 publications/y in the last 5 years of the study. To deter-
mine which countries/regions published the highest number of
works related to TCM and asthma, we used the online analysis
OAPLM platform. The bar chart shows the total number of arti-
cles published by the top 10 countries/regions over a 30-year
time period, with China ranking first followed by the United
States and South Korea (Fig 1, B). Overall, these results indicate
a growing trend in TCM in asthma research and it has attracted
considerable worldwide attention.

Analysis of intercountry/regional and
interinstitutional cooperation

We analyzed the scientific cooperation among countries/re-
gions with the OAPLM platform. Our results indicate that
research partnerships occurred in 90 countries/regions, with
special attention to China, the United States, and South Korea
(Fig 2, A). We then determined the cooperative strength among in-
stitutions with CiteSpace software, and our results revealed 783
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FIG 1. A, Number of annual research publications and publication trends on TCM in asthma from 1991 to
2021. B, Number of annual publications and publication trends of the top 10 countries/regions on TCM
research in asthma from 1991 to 2021. Data for 2021 were collected until September 14.

nodes and 804 links from different institutions (Fig 2, B). The Bei-
jing University of Chinese Medicine and the Korea Institute of
Oriental Medicine ranked as the most collaborative institutions,
followed by the Nanjing University of Chinese Medicine and
the China Medicine University. Among the top 10 institutions,
8 are Chinese and 2 are South Korean (Fig 2, B; Table I).

Analysis of coauthorship network and core author
distribution

The contribution of each author and coauthors in an article is
ranked depending on where their names are placed in a list of
authors. However, usually the corresponding authors who
contribute the most are the last listed, and sometimes the authors
are listed alphabetically. To avoid the above factors, we ranked
authors and coauthors on the basis of the number of publications.
Our results revealed 1041 nodes and 1366 links that showed the
top 7 researchers with the highest number of publications (14
researchers in total) (Fig 3). JingCheng Dong (24 articles) from
Huashan Hospital, Fudan University, China, ranks first on the

list, followed by XiuMin Li (23 articles) from Mount Sinai School
of Medicine, USA (Fig 3). Table II lists the authors, their respec-
tive institutions, total citations, and average citations per article. It
reveals that the impact of most of these authors’ publications on
the scientific community is low, and the overall impact of articles
published by Chinese and South Korean authors is low despite
their large number of publications. For example, the citation in-
dex of published works from China and South Korea reached
10.99 and 9.98, respectively. However, studies from the United
States showed an impact index more than twice as high as that
of their Asian counterparts at 25.07.
According to Place’s square root law,”'

= 0.749v/Np,

the core author formula
is

mm

Nmax 18 the number of articles of the most productive authors
in the statistical period, and the authors who publish more than
Nmin articles are the core authors in this field. In this study, the
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FIG 2. A, Collaboration efforts between 90 countries/regions on TCM in
asthma from 1991 to 2021. B, CiteSpace network map of institutions
involved in TCM and asthma research. Each circle in the map represents
an institution. The size of the circle is positively correlated with the number
of articles published by the institution, and the link between the 2 circles
represents the collaboration between 2 institutions on the same article.
There is a positive correlation between the line thickness and cooperation
frequency. The top 10 institutions with the most publications are shown.
(Beijing Univ Chinese Med, Korea Inst Oriental Med, Nanjing Univ Chinese
Med, China Med Univ, Kyung Hee Univ, Shanghai Univ Tradit Chinese Med,
Fudan Univ, Chinese Acad Sci, Chang Gung Univ, and China Acad Chinese
Med Sci were in the top 10.) Timespan: 1991 to 2021; Slice length = 1.

value of N, 1s 24; then, N,;, = 3:6069 is obtained, and the
integer is 4. Therefore, if there are at least 4 published papers,
then the author is called a core author. According to the price
law, only when the core author group accounts for 50% of the
total can a discipline core author group be formed. After calcu-
lation, the number of core authors in this field accounts for only
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7.6% (79 authors, 468 articles) of the total number of articles
(1041 authors, 1915 articles), indicating that researchers in
TCM for asthma are relatively scattered and have not formed
a core author group.

Analysis of journals and cocited journals

Our analysis with the Web of Science revealed that works were
published in 1071 periodic journals, with the top 10 most cited
journals listed in Table III. A total of 199 publications appeared in
the Journal of Ethnopharmacology, followed by Evidence-Based
Complementary and Alternative Medicine (86 publications) and
Annals of Allergy, Asthma & Immunology (60 publications). Co-
cited journals refer to important journals cited in an article, and
we list the top 10 journals with the highest number of citations
in Table IV. The Journal of Allergy and Clinical Immunology
(impact factor = 10.7) ranked first (1462 citations), followed by
the American Journal of Respiratory and Critical Care Medicine
(impact factor = 21.4; 904 citations) and Allergy (impact factor =
13.1; 870 citations).

Analysis of document cocitation, clustered
network, and hotspots

Document cocitation is a method developed by bibliometric
research to identify articles cocited by a group of authors, and it
measures the relationship between 2 different citations by their
co-occurrence on the citation list.”” We used CiteSpace to analyze
116,137 valid references from the 3081 selected studies and iden-
tified homogeneous clusters of highly cited documents. We then
built a network map with 1446 nodes and 3670 links (network
density of 0.0035), as shown in Fig 4, A. The top 10 most cited
references according to their cocited frequencies are listed in
Table V.23

Our results revealed that the top-ranked reference is a national
follow-up survey published in JAMA in 1998 followed by a re-
view published in the Journal of Allergy and Clinical Immunology
in 2009** and a randomized controlled trial published in the Jour-
nal of Allergy and Clinical Immunology in 2005.> In the follow-
up survey, the authors found that health expenditure on alternative
medicine increased substantially between 1990 and 1997 due to
an increase in the proportion of the population seeking alternative
therapies, rather than increased visits per patient. The review
analyzed 5 clinical studies published between 2005 and 2007
that used traditional Chinese herbal remedies to treat asthmatic
conditions and discussed their effects and physiological mecha-
nisms, including anti-inflammation, inhibition of airway smooth
muscle (ASM) contraction, and immunomodulation. Finally,
the randomized controlled trial compared the efficacy and safety
of an extract of 3 herbs (Ling-Zhi [Ganoderma lucidum), Ku-Shen
[Radix Sophora flavescentis], and Gan-Cao [Radix Glycyrrhiza
uralensis]) versus prednisone therapy in patients with moderate
to severe asthma and indicated that herbal therapy is a safe and
efficient antiasthmatic therapy with fewer collateral effects than
standard prednisone.

Cocitation analysis classifies relevant references in accordance
with the degree of similarity in content, and then analyzes these
references in each cluster. We generated cluster networks in a
hierarchical order on the basis of cocitation status of the 116,137
references, revealing a significant modularity (Q = 0.873) of the
clustering effect with a reliable silhouette (Silhouette = 0.8666).
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TABLE I. The top 10 institutions related to TCM in asthma research publications from 1991 to 2021 (sorted by the number of

publications, alternatively sorted by the year)

Rank Institutions Year Publication Centrality
1 Beijing University of Chinese Medicine 2009 55 0.02
1 Korea Institute of Oriental Medicine 2010 55 0.02
3 Nanjing University of Chinese Medicine 2009 54 0.01
4 China Medical University 2003 52 0.04
5 Kyung Hee University 2004 45 0.02
6 Shanghai University of Traditional Chinese Medicine 2012 44 0.01
7 Fudan University 2013 39 0.03
8 Chinese Academy of Sciences 2008 29 0.05
9 Chang Gung University 2003 28 0.01
9 China Academy of Chinese Medical Sciences 2009 28 0.03
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FIG 3. CiteSpace network of coauthorship in the field of TCM on asthma
research. Each circle in the network represents an author. The size of the
circle is positively correlated with the number of articles published by the
author, and the links between 2 circles represent the collaboration between
2 authors of the same article. There is a positive correlation between line
thickness and cooperation frequency. The top 7 authors with the most
publications are shown. Timespan: 1991 to 2021; Slice length = 1.

We identified 10 major clusters and cluster labels from citing ar-
ticles with an log-likelihood ratio algorithm, including #0 alterna-
tive medicine, #1 allergic rhinitis, #2 alternative treatment, #3
alternative therapy, #4 oxidative stress, #5 eosinophilic esophagi-
tis, #6 airway remodeling, #7 deflazacort, #8 Dietary Approach to
Stop Hypertension (DASH) diet, and #9 complementary medi-
cine (Fig 4, B). The number of cluster tags was inversely corre-
lated with the number of articles for each cluster included (eg,
the cluster of #0 contains the largest number of articles).

We then distributed cluster timelines according to their appear-
ance in the literature and divided TCM and asthma into 2 stages:
initial and exploratory (Fig 4, C). For example, #7, #9, #4, and #2
ran from approximately 1983 to 1993 (the initial stage of the
research); #3, #1, #5, #8, #0, and #6 ran from approximately

1999 to 2012 (the exploratory stage of the research). In the initial
stage (#7, #9, #4, and #2), publications cited 4 main literature
topics, deflazacort (an oral corticosteroid), complementary medi-
cine, oxidative stress, and alternative treatment. The publications
focused on 2 main topics: oxidative stress and alternative treatment.
In the exploratory stage (#3, #1, #8, #5, #0, and #6), studies referred
to 6 major literature topics, alternative therapy, allergic rhinitis,
DASH diet, eosinophilic esophagitis, alternative medicine, and
airway remodeling. In addition, citation tree-rings of different sizes
on the timeline represent key references with high citation rates.

Analysis of keywords, co-occurrence cluster, and
research frontier

Keywords represent a summary of the research methods,
objects, and contents of the article.”” The frequency of a keyword
in an article reveals what topics are being explored.'® We then ex-
tracted the frequency of keywords in each article to identify
research frontiers and trends by building a co-occurrence
network. The most frequent keywords were “asthma,” “inflam-
mation,” “children,” “expression,” “prevalence,” “airway
inflammation,” “cell,” “acupuncture,” “extract,” “therapy,”
“in vitro,” “disease,” “bronchial asthma,” “activation,” “al-
lergy,” “cytokine,” “alternative medicine,” “inhibition,” “dou-
ble blind,” and “allergic rhinitis” (Table VI). Combining the
co-occurrence of keywords, we built a cluster map that reveals
frontiers centered on #0 alternative medicine and #1 allergic
asthma and the systematic analysis (#2 comprehensive review)
of TCM (#0 alternative medicine) for asthma (#1 allergic asthma)
control (#3 potential effect) (Fig 5, A). In fundamental research,
medical diagnosis (#4 allergen-specific conjunctival challenge)
with pathogenic factors (#5 oxidative stress and #6 lung micro-
biome) is often cited as a reason to explore TCM for asthma.

Keywords burst refers to keywords whose frequency of citation
increased over a short period of time. They are generally used as
indicators of emerging topics and research frontiers.'” We gener-
ated burst keywords through CiteSpace (Fig 5, B). Combining
keyword bursts with the analysis of research frontiers, we identi-
fied the research frontiers of 2 periods.

Period A, ranging from 1991 to 2005, explored the effects of
TCM on controlling asthmatic conditions. Bronchial asthma
ranked first (strength = 23.5), followed by alternative medicine
(strength = 16.45), as the main research trend in publications
from 1994 to 2008, a period in which randomized controlled trials
showed a high number of publications.
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TABLE Il. The top 14 authors related to TCM in asthma research publications from 1991 to 2021 (sorted by the number of articles,

alternatively sorted by the year)

Average citation

Rank Author Articles Year Total citations per article Institution Country

1 JingCheng Dong 24 2013 274 11.42 Huashan Hospital, Fudan University China

2 XiuMin Li 23 2009 778 33.83 Mount Sinai School of Medicine United States

3 Meeyoung Lee 15 2010 159 10.60 Korea Institute of Oriental Medicine South Korea

4 G. Ciprandi 11 1993 695 63.18 Casa di Cura Villa Mont allegro Italy

4 Lijen Lin 11 2012 71 7.00 China Medical University China of Taiwan
4 Jing Sun 11 2014 139 12.64 Huashan Hospital, Fudan University China

4 Ying Wei 11 2015 107 9.73 Huashan Hospital, Fudan University China

8 Qingli Luo 10 2013 181 18.10 Huashan Hospital, Fudan University China

8 Changseob Seo 10 2014 79 7.90 Korea Institute of Oriental Medicine South Korea

10 Hyeunkyoo Shin 9 2014 103 11.44 Korea Institute of Oriental Medicine South Korea

11 Nan Yang 8 2010 261 16.31 New York Medical College United States

11 Shungte Kao 8 2012 75 9.38 National Yang Ming Chiao Tung University China of Taiwan
11 Yu Wang 8 2012 69 8.63 Shanghai Research Institute Acupuncture & Meridian China

11 Jing Wang 8 2014 38 4.75 University of Geneva Switzerland
TABLE Ill. The top 10 journals related to TCM in asthma research from 1991 to 2021 (sorted by the record count)

Rank Journal Record count IF (2020) JCR Country

1 Journal of Ethnopharmacology 199 4.36 Q1/Q2 The Netherlands
2 Evidence Based Complementary and Alternative Medicine 86 2.629 Q2 Egypt

3 Annals of Allergy, Asthma & Immunology 60 6.347 Ql United States

4 Journal of Allergy and Clinical Immunology 56 10.793 Ql United States

5 Medicine 37 1.889 Q3 United States

6 Journal of Asthma 35 2.515 Q3 United States

7 PLoS One 34 3.24 Q2 United States

8 Clinical and Experimental Allergy 33 5.018 Q2 United Kingdom
9 Frontiers in Pharmacology 33 5.81 Q1 Switzerland

10 International Immunopharmacology 33 4.932 Q2 Netherlands

IF, Impact factor; JCR, Quartile Journal Citation Report.

TABLE IV. The top 10 cocited journals related to TCM in asthma research from 1991 to 2021 (sorted by the number of citations)

Rank Journal Citation Centrality IF (2020) JCR Country
1 Journal of Allergy and Clinical Immunology 1462 0.01 10.793 Q1 United States
2 American Journal of Respiratory and Critical Care Medicine 904 0.01 21.405 Ql United States
3 Allergy 870 0.01 13.146 Ql United Kingdom
4 Journal of Ethnopharmacology 863 0.04 4.36 Q1/Q2 The Netherlands
5 New England Journal of Medicine 856 0.01 91.245 Q1 United States
6 Lancet 825 0 79.321 Ql United Kingdom
7 Clinical and Experimental Allergy 805 0.01 5.018 Q2 United Kingdom
8 European Respiratory Journal 753 0 16.671 Ql United Kingdom
9 Journal of Immunology 713 0.01 5.422 Q2 United States
10 Thorax 681 0.01 9.139 Ql United Kingdom

IF, Impact factor.

Period B, ranging from 2006 until 2021, explored the mecha-
nisms of TCM in asthma by modifying immune-cell (dendritic
cells, T cells, regulatory T cells, etc) activity. Studies from this
period targeted the biological mechanisms of asthma control in
other tissues rather than the airways, such as the gut microbiota, as
well as the development of new antiasthmatic drugs.

DISCUSSION
In the present study, we analyzed 3081 studies over 30 years
(1991-2021) of TCM therapies for asthmatic conditions. We

identified and ranked studies on the basis of research publication
trends, collaborative institutions, authors with the most publica-
tions, preferred journals, and most-cited publications. Analyses
using CiteSpace revealed research hotspots through the cited
literature and frontiers based on burst keywords over the years.
Publications related to TCM and asthma presented a significant
increase after 2000, reaching approximately 150 articles/y by
2012 and almost 300 articles/y by 2020. China, the United States,
and South Korea published the largest number of studies.
However, Chinese and South Korean publications revealed a
low scientific impact as measured by the total citations. Eight
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FIG 4. A, CiteSpace cocitation map of 116,137 references on TCM in asthma research. The filter option
shows the largest-connected component only. The year and first author of the top 10 most-cited publica-
tions are shown. Each circle in the map represents a reference. Circle size is positively correlated with the
frequency of citations, and the links between 2 circles represent 2 references in the same article among
the 3081 retrieved articles from this study. Similarly, line thickness is positively correlated with the cocita-
tion frequency. Timespan: 1991 to 2021; Slice length = 1. B, Clustered networks of cocitation status of the
116,137 investigated references and the 3081 articles via CiteSpace. The filter option shows the minimum
visible cluster size = 50 only. The top 10 largest clusters of citing publications are shown. C, The timeline
view of the top 10 largest clusters of citing publications in the 116,137 investigated references and the
3081 articles via CiteSpace. The bolded timeline indicates that the clustering topic was a hotspot during
this period. Citation tree-ring sizes on the timeline represent the high citation rates of the key reference.
Right side = cluster labels.
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TABLE V. The top 12 most highly cited articles in TCM in asthma research from 1991 to 2021 (sorted by the cited frequency,

alternatively sorted by the year)

Rank Title First author Journal Year Cited frequency DOI

1 Trends in alternative medicine use in the Eisenberg™  JAMA-J Am 1998 39 10.1001/jama.280.18.1569
United States, 1990-1997: results of a Med Assoc
follow-up national survey

2 Efficacy and mechanisms of action of Li** J Allergy 2009 37 10.1016/j.jaci.2008.12.026
traditional Chinese medicines for treating Clin Immunol
asthma and allergy

3 Efficacy and tolerability of anti-asthma Wen?’ J Allergy 2005 35 10.1016/j.jaci.2005.05.029
herbal medicine intervention in adult Clin Immunol
patients with moderate-severe allergic
asthma

4 Herbal interventions in asthma and allergy Bielory™® J Asthma 1999 34 10.3109/02770909909065150

5 Global strategy for asthma management and ~ Bateman®’ Eur Respir J 2008 29 10.1183/09031936.00138707
prevention: GINA executive summary

6 Alternative medicine for allergy and asthma ~ Ziment™® J Allergy 2000 27 10.1067/mai.2000.109432

Clin Immunol

7 Alternative therapies among adults witha  Blanc™ Chest 2001 26 10.1378/chest.120.5.1461
reported diagnosis of asthma or
rhinosinusitis: data from a
population-based survey

8 The immunology of asthma Lambrecht’®  Nat Immunol 2015 25 10.1038/ni.3049

9 Unconventional medicine in the United Eisenberg’' N Engl J Med 1993 23 10.1056/NEJM199301283280406
States. Prevalence, costs, and patterns of
use

9 Allergic Rhinitis and its Impact on Asthtma  Bousquet’” Allergy 2008 23 10.1111/§.1398-9995.2007.01620.x
(ARIA) 2008 update (in collaboration
with the World Health Organization,
GA(2)LEN and AllerGen)

11 Complementary and alternative medicine Slader™ Respirology 2006 21 10.1111/5.1440-1843.2006.00861.x
use in asthma: who is using what?

11 Xiao-Qing-Long-Tang attenuates allergic Wang™* J Ethnopharmacol 2012 21 10.1016/j.jep.2012.05.033

airway inflammation and remodeling in
repetitive Dermatogoides pteronyssinus
challenged chronic asthmatic mice model

TABLE VI. The top 20 most frequently used

keywords related to TCM in asthma research from 1991 to 2021

Rank Keywords Count Centrality Rank Keywords Count Centrality
1 Asthma 1215 0.18 11 In vitro 135 0.03
2 Inflammation 307 0.07 12 Disease 130 0.03
3 Children 280 0.05 13 Bronchial asthma 127 0.06
4 Expression 238 0.04 14 Activation 125 0.04
5 Prevalence 186 0.03 15 Allergy 124 0.06
6 Airway inflammation 174 0.03 16 Cytokine 121 0.02
7 Cell 165 0.04 17 Alternative medicine 118 0.02
8 Acupuncture 157 0.05 18 Inhibition 113 0.04
9 extract 149 0.05 19 Double-blind 112 0.04
10 Therapy 139 0.03 20 Allergic rhinitis 108 0.02

institutions from China and 2 from South Korea had the highest
number of published studies. Beijing University of Chinese
Medicine and the Korean Institute of Oriental Medicine were in
the first ranks. Research hotspot and frontier analysis revealed
that, during the 1990s, studies explored the effectiveness of TCM
for controlling asthma symptoms, whereas from 2000 onward
studies sought to explain the mechanisms of TCM in asthma
control.

Discussion of hotspots

From the analysis of the cluster of networks and hotspots, we
revealed a hotspot timeline of TCM in asthma since approxi-
mately 1983. TCM has spread rapidly around the world since the
1950s™° as a type of complementary and alternative medicine.
Many international universities, colleges, and institutes of TCM
have been established worldwide. There were 80 colleges of
TCM in the United States from 1980 to 2005.”” During the initial
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Top 24 keywords with the strongest citation bursts
Keywords Year Strength Begin End 1991 - 2021
histamine 1991 851 1991 2007
simulated acupuncture 1991 6.6 1991 2002
antibody 1991 558 1991 2001
atopy 1991  5.64 1993 2007
bronchial asthma 1991 235 1994 2008
alternative medicine 1991 16.45 1994 2010 1991-2005
controlled trial 1991  11.37 1994 2008
therapy 1991  11.07 2000 2007
clinical trial 1991  6.87 2000 2008
united states 1991 839 2001 2013
children 1991  6.95 2003 2005
dendritic cell 1991  5.83 2006 2010

complementary and alternative medicine 1991 546 2007 2013

complementary 1991 6.77 2008 2010 2006-2017
tcell 1991  6.52 2012 2013
regulatory t cell 1991 6.6 2014 2017
guideline 1991 7.5 2015 2018
systematic review 1991  7.04 2016 2021
essential oil 1991 691 2016 2021
meta-analysis 1991  6.53 2016 2019
protocol 1991 731 2018 2021 2016-2021
gut microbiota 1991 6.01 2018 2021
pharmacology 1991 748 2019 2021
oxidative stress 1991 553 2019 2021

FIG 5. A, Clustered networks of keywords of the 3081 articles via CiteSpace. All 7 clusters of keywords are
shown. #0 alternative medicine, #1 allergic asthma, #2 comprehensive review, #3 potential effect, #4
allergen-specific conjunctival challenge, #5 oxidative stress, #6 lung microbiome. B, Keywords with the
strongest burst strength of the 3081 articles on TCM in asthma research between 1991 and 2021. Keywords
marked in red indicate a sudden increase in usage frequency of this keyword during this period. Keywords
marked in blue indicate a relatively unpopular period.
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stage of TCM in asthma research from 1983 to 1993, alternative
treatment was the major hotspot, followed by oxidative stress, de-
flazacort, and complementary medicine. Oxidative stress is
considered one of the pathophysiological mechanisms of asthma
and has attracted the attention of asthma researchers in TCM.**
However, since approximately 2007, it has no longer been a hot-
spot in this field. Deflazacort used to be an oral medication for
asthma®®; however, it is now the first corticosteroid to be approved
by the Food and Drug Administration for treating patients with
Duchenne muscular dystrophy.*’

During the exploratory stage from 1999 to 2012, alternative
medicine became the major hotspot, followed by allergic rhinitis,
alternative therapy, eosinophilic esophagitis, airway remodeling,
and DASH diet. Among these, allergic rhinitis, airway remodel-
ing, DASH diet, and eosinophilic esophagitis are the 4 emerging
hotspot topics. A large number of studies have indicated that
allergic rhinitis and asthma commonly occur together,*'** and
patients with allergic rhinitis are likely to develop bronchial
asthma.** Both allergic rhinitis and asthma organ systems are
equipped with a common lymphoid network and can respond to
airborne allergens by activating similar effector cells. There is
strong anatomical, epidemiologic, pathophysiologic, clinical,
and therapeutic evidence supporting the connection between
allergic rhinitis and asthma.” Currently, the prevalence of
allergic rhinitis is on the rise. Studies have suggested that treating
allergic rhinitis may interfere with disease progression and pre-
vent the onset of asthma.*® However, very little is known about
the risk factors responsible for the progression from allergic
rhinitis to asthma. Further prospective studies on the effect of
allergic rhinitis treatment on the development of asthma are
needed. Similarly, asthma is often a comorbid condition in eosin-
ophilic esophagitis in both children and adults.*” Both eosino-
philic esophagitis and asthma are chronic immune-mediated
conditions characterized by inflammatory changes in the mucosa
and submucosa with infiltration of eosinophils.”® Indeed, facing
the very same type of situation, the eosinophilic esophagitis-
asthma relationship remains poorly characterized mechanistically
and clinically. The good thing is that there is strong therapeutic
evidence supporting that the use of certain herbs that relieve the
symptoms of allergic rhinitis*® or eosinophilic esophagitis*® is
usually also helpful in the treatment of asthma. Therefore, signif-
icant clinical and mechanistic work needs to be accomplished to
understand better the relationship between asthma, allergic
rhinitis, and eosinophilic esophagitis, and their interaction with
other allergic diseases.

The DASH diet was the hotspot from approximately 2004 to
2015 in the field of TCM in asthma. According to both modern
research and traditional Chinese knowledge, diet is an essential
factor in the development of diseases. The influence of food on
asthma outcomes is of growing interest, and some studies have
suggested that a Western diet pattern could contribute to asthma
symptoms in adults.”' Simultaneously, dietary changes, such as
the introduction of the DASH diet, may have beneficial effects
on reducing inflammatory status in adults with uncontrolled
asthma.” Because the central tenet in TCM “medicine and
food share a common origin,” food materials can therefore be
used to prevent or treat medical disorders. However, the dietary
habits of patients with asthma and the diets beneficial to their
rehabilitation are not commonly investigated in clinical
practice.
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Airway remodeling is another hotspot, and it occurs as a
primary pathological feature of asthma. Studies reported that
TCM formulas, such as Bu-Shen-Yi-Qi,53 Gu-Ben-Fang-Xiao,54
and Yang-He-Ping-Chuan,”” can decrease airway remodeling.
Other studies reported that active ingredients extracted from Chi-
nese herbal medicine, such as Icariin®® and Astragalus membra-
naceus,”’ prevent airways remodeling. In asthma, excessive
contraction of ASM is responsible for most symptoms of asthma.
The ASM changes in asthma are based on 3 aspects: ASM struc-
ture, ASM function, and airway inflammation. Airway remodel-
ing is the typical structural change that occurs in both large and
small airways. Because Chinese medicine can alleviate the struc-
tural and functional changes in ASM, researchers have carried out
many studies for antiasthma drug screening. However, most TCM
studies focus on the structure and function of ASM, and not
enough attention has been focused on the changes in ASM caused
by airway inflammation.

Discussion of frontiers

‘We found that the frontiers of TCM asthma research in different
historical periods are constantly changing. Dating back to the
19th century, TCM practice and development have been severely
affected because of the increasing adoption of Western medicine
in China.® After the foundation of the People’s Republic of China
(1949), the newly formed government endorsed TCM protection
and development.”® However, with the spread of TCM world-
wide, the “safety, efficacy, quality, availability, preservation and
further development” of TCM are being questioned because of
its seemingly underdeveloped scientific knowledge.”’ Before
TCM can be accepted partly or completely as a health-
promoting resource, the chief problem is testing the efficacy of
TCM. The second problem is generated inevitably from the
idea that TCM is not as effective as Western medicine, and great
efforts must be made to prove its efficacy in comparisons with
Western medicine. Thus, hundreds of clinical trials with standard-
ized guidelines for clinical research®*°” were conducted annually
to evaluate the efficacy of TCM®"® from 1994 to 2008
(controlled and clinical trials) in period A.

However, currently, TCM is still considered a secondary or
underdeveloped type of medical science mostly due to issues
related to its unsure efficacy when compared with Western
medicine. However, instead of focusing on its effectiveness,
starting in 2006, researchers seemed to be turning to exploring the
mechanisms of TCM treatment for asthma since 2006. As shown
in period B, in addition to modifying immune-cell (dendritic cells,
T cells, regulatory T cells, etc) activity, we found some emerging
new areas of research in recent years such as pharmacology,
essential oil, gut microbiota, and oxidative stress. Before the
1980s, asthma was viewed simply as allergen-induced mast cell
degranulation, resulting in the release of mediators, such as
histamine and leukotrienes, which contracted the ASMs.** Since
then, it has become clear that asthma is a chronic inflammatory
disease involving many interacting cells,”’ including dendritic
cells,”® T cells, and regulatory T cells.®” Although immune cells
have not been the focus of research in this field recently, they still
play a very important role in the study of asthma.

A network pharmacology strategy has been adopted for
investigating the mechanism of action underlying the effective-
ness of Chinese drugs(’8 and TCM formulas.®”’° To some extent,
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the application of network pharmacology will accelerate the
research process of TCM in asthma. In addition, essential oils
contained in medicinal plants with proven antiasthmatic proper-
ties have the possibility of being used as bronchodilators, mast
cell stabilizers, expectorants, and so on.”' A connection between
allergic asthma and the gut microbiota has been reported. A study
found that the TCM pentaherbs formula can ameliorate symptoms
of allergic diseases, such as allergic asthma, influencing the gut
microbiota.’” Other studies have confirmed that the Gancao-Gan-
sui combination can impact gut microbiota diversity,”* and Gan-
sui is a Chinese herb often used to treat asthma. In addition, some
studies found that TCM treatment of asthma works by relieving
oxidative stress. For example, formononetin (bioactive isoflavone
isolated from Huangqi),74 Bu-Shen-Yi-Qi formula,” and laser
acupuncture.”> All of the above research frontiers lasted for
only 2 to 6 years, indicating that TCM in asthma research is still
in the exploratory stage.

Reviewing the development of TCM in asthma research over
the past 30 years, we found that the theory and technology of
modern science development provided a possibility for the
development of TCM in asthma research. During period A,
ranging from 1991 to 2005, TCM in asthma research was deeply
influenced by clinical trials. By the late 1980s and 1990s, “evi-
dence-based” medicine and controlled randomized clinical trials
were very rapidly developing. TCM has widely adopted the most
advanced science technology and methods to carry out Chinese
medicine research, and relevant TCM clinical trial guidelines
and standards have been issued.”® Then, in approximately 2006,
TCM ushered in the second phase of asthma research, period B,
with the development of immunology. During 1998 to 2008,
immunologic research in China has developed rapidly.”” With
the support of 2 rounds of the 973 National Program in Immu-
nology (2002-2006 and 2007-2011), a national network for
immunologic research has been established in China.”” At the
same time, it drove the research upsurge of TCM in the field of
immunity. Since approximately 2016, with the development of
various modern sophisticated instruments and the vigorous devel-
opment of various science and technology tools, the development
of TCM in asthma has been extended and diversified. For
example, DNA fingerprinting and bar-coded pyrosequencing of
16S rRNA genes were used to profile gut microbiota structures
and to identify the key population changes relevant to metabolic
syndrome development.’® This study set off a surge in the study of
gut microbiota and TCM research in gut microbiota. In addition,
network pharmacology has promoted the development of TCM
pharmacology. Metabonomic studies have promoted research
on the microbiome in TCM. In the near future, with the increas-
ingly mature and innovative development of modern science
and technology, it will, of course, provide forefront techniques
and methods that can be used for experimental research of
TCM. However, the application of modern science and technol-
ogy to study TCM is still a double-edged sword.

Discussion of issues affecting future development
According to the bibliometric analysis in this study, 2
outstanding issues have been identified in the research of TCM
treatment in asthma. The first is the uncertainty about the
effectiveness of TCM in treating asthma. The second is that
TCM research in asthma is carried out in an imitative way, closely
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following the research progress of asthma, but it lacks its own
discipline characteristics.

Over the centuries, TCM contributed to the prosperity and
population health of China by preventing the spread of pestilences
and treating diseases, which allowed the development of Chinese
society and the expansion of Chinese culture. However, the
effectiveness of TCM, not only in treating asthma, is still being
questioned. TCM is still considered a secondary or underdevel-
oped type of medical science mostly due to issues related to its
poor efficacy when compared with Western medicine. The
existing statistical evidence and evaluation methods do little to
show the value of TCM. Many experienced and thoughtful TCM
doctors in China have proposed that the reason lies in somewhat
neglecting TCM theory.”” The accessibility and efficacy of TCM
have been limited, because the evaluation procedure and norms
are almost the same as those of chemical drugs.*” TCM has
been systematized and theorized in practice and has developed
many methods to maintain health for thousands of years in China.
TCM theory has the characteristic of directional thinking, which
shapes a medical theory that is integrated, systemic, and
advanced. However, Western medicine has evolved through
Western science, and is based on human anatomy, biology,
biochemistry, and molecular biology, relying more on laboratory
test results.”' It is rather difficult to estimate the value of TCM
because of the lack of practical standards fitted to the characteris-
tics of TCM to evaluate its safety and efﬁcacy.82 If the research
method is not a TCM theory-based method, the research result
will certainly not be consistent with the character of TCM.**+%*

Furthermore, based on the bibliometric analysis results of this
study, there is no hotspot or frontier research on the characteristics
of TCM. Most TCM researchers closely follow the research
progress of asthma and the technique trend. The negative effect is
that the traditional theories of TCM are ignored. Even the clinical
performance of indigenous TCM practitioners has been affected,
because most practitioners lack comprehensive knowledge of
TCM.* During the process of the modernization of TCM, the
application of modern science and technology and the inheritance
of tradition have not been well integrated. TCM is gradually
losing its characteristics and clinical advantages, not only in the
field of TCM for asthma but also in other fields.

In view of these 2 issues, the following suggestions need to be
considered: (1) The national administrations should create a
reasonable policy environment for the growth of the TCM
industry containing the real quintessence and characteristics of
TCM. Only then can policies and guidelines suitable for the
development of TCM be formulated. (2) For learners from all over
the world, it is important to understand the essential function of
traditional knowledge and make full use of the resources of
Chinese medications. Policies need to be made to encourage
TCM providers to use TCM in clinics and research.

Study limitations

Limitations of the current study include data omission, because
we only considered publications in the Web of Science Core
Collection database and did not include data from the Chinese
databases. In addition, we selected only “Article” and “Review
articles” for analysis, whereas we discarded books and confer-
ence papers for the current analysis, because many of these pub-
lications are not tracked by bibliometric searches. Future research
can further supplement the relevant literature records by
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incorporating a larger data set including books and conference pa-
pers. Furthermore, in the author analysis, the author’s contribu-
tion as the first author or corresponding author in each article
was not analyzed, and the results can only represent the number
of articles in which the author participated. Finally, in the hotspot
and frontier analysis of the study, we did not consider the impact
of the government and relevant policies on this TCM research
area, and the research results need to be objectively combined
with policies for deeper thinking.

CONCLUSIONS

Our study has identified the timeline of the hotspots (comple-
mentary medicine, alternative treatment, allergic rhinitis, airway
remodeling, DASH diet, eosinophilic esophagitis) and predicted
the frontiers (pharmacology, essential oil, gut microbiota, oxida-
tive stress.) in the field of TCM in asthma in recent years. Based
on the current literature, TCM research on asthmatic conditions is
still in the exploratory stage. Furthermore, 2 outstanding issues
that exist in TCM research on asthma have been proposed and
discussed, which can provide new directions and ideas to inform
policymaking and clinical guidelines in the future.
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