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Abstract: Asthma is a common chronic inflammatory disease of the airway. Intestinal flora, a significant risk factor for asthma, has 
become a widespread concern in the pathogenesis of asthma. To review the literature related to intestinal flora in asthma, summarize 
research direction, and report trends, this study used CiteSpace to perform bibliometric statistics and analysis on the research papers of 
intestinal flora and asthma collected in the Web of science core collection from 2001 to 2021. Eventually, a total of 613 articles were 
included. The results demonstrated that research on gut flora and asthma continued to heat up, with article numbers increasing, 
especially in the last decade. Moreover, analysis of the keywords showed that the research topics of intestinal flora and asthma range 
from confirming the link between intestinal flora and asthma to investigating mechanisms and then to asthma treatment. According to 
the summary of research hotspots, we expand on three emerging issues that require attention in the intestinal flora and asthma research, 
including (regulatory T)Treg cells, probiotics, and chain fatty acid. Evidence illustrated that Treg cells play a crucial role in the 
pathogenesis of asthma caused by dysbiosis of the gut flora. Furthermore, in contrast to probiotic supplements, which do not reduce the 
risk of developing asthma, short-chain fatty acids supplements do. Overall, the research direction in the field of intestinal flora and 
asthma has recently evolved from macro to micro with depth broadened. As a robust scientific evaluation, our study provided 
a comprehensive overview of the area, particularly for research focus, which could more precisely direct scholars on future research 
and clinical diagnosis, therapy, and individualized prevention. 
Keywords: microbiota, allergy, Treg cells, probiotics, chain fatty acid

Introduction
Asthma is a common chronic inflammatory disease of the airway induced by immune dysregulation, which affected an 
estimated 358 million individuals worldwide in 2015, with a significant incidence of morbidity and mortality.1 Risk 
factors for asthma have also gotten much attention in recent years. Noticeably, intestinal flora has so far been linked to 
asthma in increasing amounts of research,2,3 and it has become one of the risk factors for asthma,4,5 with the appearance 
of the concept of hygiene hypothesis and gut–lung axis.6 Moreover, the essential immunological role performed by 
intestinal flora, including regulating the proper development of the immune system and supporting immune tolerance, 
became a hotspot in prior years.7–9 Thus, a literature study is necessary to better understand the trajectory of research on 
gut flora and asthma and to direct specific studies.

Scholars can realize the visualization of discipline knowledge by drawing a scientific knowledge map based on 
literature data information to research the growth of research theory, the transformation of the research paradigm, the 
evolution of the discipline field, and the identification of discipline structure. Common information visualization analysis 
software includes ArnetMiner (expert retrieval system), PaperLens (data relation mining), TDA (Thomson data analysis), 
and CiteSpace. Compared with other software, CiteSpace software integrates cluster analysis, social network analysis, 
multidimensional scale analysis, and other methods, focusing on detecting and analyzing the evolution trend of the 
discipline research frontier, the relationship between the research frontier and its knowledge base, and the internal 
relationship between different research frontiers.10–12 Bibliometric techniques, however, have not been used in the field 
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of intestinal flora and asthma. In this study, we applied CiteSpace visualization analysis software to investigate changes 
in research directions in the recent 20 years in the areas of intestinal flora and asthma literature.

Methods
Data Sources
The literature data used in our study was extracted from the Web of Science (WOS) core collection according to the 
undermentioned search parameters. After integrating duplicate references, a total of 613 English articles were finally 
included, covering original articles, reviews, and other sorts of publications. The ultimate choice for the literature’s time 
period covered the years 2001 through 2021 with 1-year time slice. Citespace (version number: 5.6.R5) software was 
applied to conduct the bibliometrics and visualization analysis.

Search Parameters
The keywords were set as “intestinal flora or gut flora or intestinal microflora or gut microflora or intestinal microbiota or 
gut microbiota or bowel microbiota or bowel flora or gut bacteria or intestinal tract bacteria or bowel bacteria” AND 
“asthma or bronchial asthma”. The time span is selected in “2001–2021”, the language is “English”, and the document 
type is “article”.

Analysis
In order to reveal the distribution and development trend of the intestinal flora and asthma field, CiteSpace (Version: 
5.6.R5) was used to perform multidimensional statistics and analysis on the publishing institutes, number, research 
direction, and keyword co-occurrence of research papers on intestinal flora and asthma collected in the WOS core 
collection.

In the network graph, different nodes reflected different factors, including authors, institutions, nations, and key-
words. The size of the nodes was positively correlated with the quantity or frequency. The coordination between the 
nodes is depicted by the connection lines between them. Additionally, centrality shows how the nodes function in the 
knowledge network and how one node affects other nodes. Greater centrality indicated the increased likelihood of a node 
becoming a network’s hub node.

Results
Publication Years
Figure 1 shows the annual number of papers on intestinal flora and asthma. According to the overall analysis, the number 
of papers is increasing yearly, particularly during the 2013–2017 period. It can be seen from the calculation that the 
number of documents issued in 2017 has increased dramatically, and the number of articles increased 3.4 times compared 
with 2013, and the growth rate even up to 59.9% in a single year. After 2017, there was still an endless stream of articles 
related to intestinal flora and asthma, indicating that in the past decade, great attention has been paid to the role of 
intestinal flora in the pathogenesis of asthma.

Institutions Analysis
We applied the Network Summary Table tool to get the top 20 institutions by the number of publications (Table 1) and 
examined the cooperation network maps for each institution for the topic (Figure 2). As is shown in Table 1, the majority 
of the top 20 publications are from developed countries, and the institution with the most articles published is Univ 
British Columbia (21), followed by Karolinska Inst (19), Univ Alberta (15), Univ Manitoba (15), Univ Helsinki (14), and 
so on. The top 5 institutions with the highest number of published articles account for 40% of the total articles published 
by the top 20 institutions, suggesting that the top 5 institutions conduct more in-depth research and play an essential role 
in the field of intestinal flora and asthma. Moreover, the top 15 institutional collaboration network demonstrates that 
institutional collaboration already exists to some extent, but it can yet be strengthened (Figure 2).
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Authors Analysis
Table 2 shows the authors with the top number of published articles on intestinal flora and asthma from 2001 to 2021. 
Each of the 13 authors on the list has published five articles or more. From the perspective of the number of articles 
issued, the scholars with the most articles published are STURT E TURVEY (11), followed by BRETT FINLAY (10), 
PADMAJA SUBBARAO (9), ALLAN B BECKER (9), and MALCOLM R SEARS (8). Meanwhile, as evidenced by the 
author cooperation network (Figure 3), the top five authors emerged as the most prominent core in this field, laying the 

Figure 1 Trend chart of the number of articles published in relation to intestinal flora and asthma.

Table 1 Top 20 Institutes Publishing Research on Intestinal Flora and Asthma

Serial No Frequency Institution Country

1 21 Univ British Columbia British
2 19 Karolinska Inst Sweden

3 15 Univ Alberta Canada

4 15 Univ Manitoba Canada
5 14 Univ Helsinki Finland

6 12 McMaster Univ British

7 11 Harvard TH Chan Sch Publ Hlth United States
8 11 Natl Univ Singapore Singapore

9 9 Brigham & Womens Hosp United States
10 9 Univ Copenhagen Denmark

11 9 Harvard Med Sch United States

12 9 Sun Yat Sen Univ China
13 9 Harvard Univ United States

14 8 Univ Zurich Switzerland

15 8 Natl Inst Hlth & Welf Finland
16 7 Univ Calif San Francisco United States

17 6 Univ Toronto Canada

18 6 Statens Serum Inst Denmark
19 6 NYU United States

20 5 Nanjing Univ Chinese Med China
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strong foundation for academic research. Additionally, there has good connections and close cooperation between the 
authors, which is conducive to the sound and solid development of the field.

Keywords Distribution
Figure 4 depicts eight keyword clusters in the co-occurrence network on intestinal flora and asthma, including antibiotics, 
child, particle, caesarean delivery, microbiome, short-chain fatty acids, Lactobacillus rhamnosus GG, oral tolerance and 

Figure 2 Top 15 collaboration networks of institutions on intestinal flora and asthma.

Table 2 Top 13 Authors with the Most Publications on 
Intestinal Flora and Asthma

Serial No. Number of  
Published Articles

Author

1 11 Stuart E Turvey

2 10 B Brett Finlay
3 9 Padmaja Subbarao

4 9 Allan B Becker

5 8 Malcolm R Sears
6 7 Theo J Moraes

7 7 Meghan B Azad

8 6 B Bjorksten
9 5 Rozlyn C T Boutin

10 5 Hans Bisgaard

11 5 Wei Chen
12 5 Piush J Mandhane

13 5 Anita L Kozyrskyj
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microbiota. And different keyword clusters have strong symbiotic relationships. A more affluent and more thorough 
keyword distribution with timeline is displayed in Figure 4, including the eight keyword clusters listed above. Noticeably, 
“antibiotics” appeared in 2001 and generated a research boom in the subsequent years, which emerged as a keyword with 
the most significant long-term influence until 2021. In 2007, “microbiota” keyword first became apparent. After that, 
“lactobacillus” emerged as a popular keyword around 2010, and a large number of links between keywords appeared, 
including links within and across clusters, indicating that the bacterium played a specific role in the pathogenesis of 
asthma and allergic diseases. The number of connections between clusters decreased after 2016, indicating that scholars 

Figure 3 Collaboration network of authors on intestinal flora and asthma.

Figure 4 Timeline-zone of keywords on intestinal flora and asthma. In the timeline view, the keywords on the same horizontal line belong to the right cluster. The colors of 
lines in the view correspond to the colors of keywords.
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can carry out extended research in cross-cluster subject areas to serve as a new entry point for current research. By 2016, 
short-chain fatty acids and other keywords appear successively.

According to the development and changes in this field, the development of the keywords in the area of intestinal 
flora and asthma can be divided into two stages: 2001–2010 (initial research) and 2011 to now (development stage) 
(Figure 5). As is clear, the initial research stage mainly focused on the general direction of microbiota or allergy. During 
the development stage, a more intensive and subdivided pathological and physiological mechanism study with a solid 
theoretical foundation was conducted, with keywords including the hygiene hypothesis, airway inflammation, dysbiosis, 
regulatory T (Treg) cell, metabolism, and chain fatty acid. Furthermore, the presence of “metabolism” and “chain fatty 
acid” in the later development stage demonstrates that the research direction in this area has recently evolved towards 
microscopy, which may be due to the development and maturation of emerging technologies such as chromatography 
mass spectrometry and metabolomics.13,14

Hot Spot Burst Analysis
Figure 6 shows 23 prominent words such as infection, children, and prevalence. As can be observed, intestinal 
microflora, as the keyword with the longest duration of emergence, has a span of 12 years. In terms of allergic diseases, 
hay fever (2001–2006) first appeared, followed by eczema and atopic dermatitis (2005–2014 and 2007–2013, respec-
tively), and childhood asthma (2012–2017) last, indicating that the understanding of intestinal flora and allergic diseases 
has altered over time. Furthermore, probiotics appeared in 2010–2014, and Treg cells presented subsequently in 2014– 
2018 as the hot spot. The keywords transformation suggests that research content on intestinal flora and diseases has 
a trend from macro to micro.

Discussion
The study performed a bibliometric analysis of the research papers on the field of intestinal flora and asthma in 2001– 
2021 from the WOS core collection. Especially over the past decade, research on gut flora and asthma continued to heat 
up with article numbers increasing. In addition, we also found that the research topics of intestinal flora and asthma range 
from confirming the link between intestinal flora and asthma to investigating mechanisms and then to asthma treatment.

Antibiotics appeared for the first time in 2001, and since then, they have also been emerging in research, indicating 
that the effect of the antibiotic application on the change of intestinal flora is a research hotspot of scholars. Antibiotics, 

Figure 5 Keyword development stages on intestinal flora and asthma.
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as a powerful tool for anti-infection treatment, have attracted more and more attention, and their intervention in intestinal 
flora could have affected the onset of allergic diseases.15

Subsequently, around 2010, with the hygiene hypothesis appearing in the keyword line zone, scholars gradually 
reached an agreement that changes in gut microbiota composition might affect the maturation of the immune system and 
further lead to allergic diseases.16 From the keywords change, researchers early focused on whether the factors affecting 
intestinal flora, such as antibiotics, cesarean section, and diet, were related to allergic diseases, especially bronchial 
asthma. Later, the research gradually deepened, trying to clarify the specific immune mechanisms of asthma caused by 
changes in the intestinal flora, such as the relationship between particular flora and asthma, as well as the related 
treatments.

Combining with the summary of research hotspots and history mentioned above, we expand on three emerging issues 
that require attention in the intestinal flora and asthma research and involve mechanisms and treatments, including Treg 
cells, probiotics, and chain fatty acid.

First of all, Treg cells. We can see that Treg cells continued as the keyword from 2014 to 2018, which indicated that 
researchers started looking into the underlying mechanism after researching the connection between intestinal flora and 
asthma. Furthermore, numerous previous studies have shown that impaired Treg cell immunosuppressive function is one 
of the critical factors in the pathophysiology of asthma. In addition to being reduced in number, Treg cells in asthma 

Figure 6 Burstness map of keywords on intestinal flora and asthma.
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patients can also not effectively suppress inflammation induced by activated effector helper T cells, eventually resulting 
in airway inflammation and airway remodeling correlated to asthma.17,18 However, disrupted intestinal flora tends to 
interfere with the immune tolerance to allergens, maintained by the Treg cells mentioned above, increasing allergy 
susceptibility, including asthma susceptibility.19

Second, probiotics. The onset of adult asthma symptoms might develop from childhood20; thus, it is crucial to control 
asthma in newborns and children early, frequently, and permanently. Meanwhile, infancy is the key period for intestinal 
flora establishment, which could provide the groundwork for mature intestinal flora in adulthood.21 Studies have shown 
that short-term early microbial ecological dysregulation might be a critical factor influencing the occurrence of 
subsequent asthma.22 Consistently, “children” or “child” or “childhood” or “childhood asthma” became a succession 
of keyword in the field of asthma and intestinal flora in the past two decades (Figures 4–6). In addition, evidence 
discovered that children at risk for asthma had considerably lower relative abundances of the bacterial genera 
Lachnospira, Veillonella, Faecalibacterium, and Rothia. Subsequently, these four bacterial taxa were administered to 
germ-free mice, and their adult offspring experienced reduced airway inflammation, which demonstrated the potential 
role of intestinal flora changes in the development of asthma.23 Therefore, many scholars suspected that the probiotic 
supplements played a certain role in relieving asthma. Indeed, Lactobacillus became a popular keyword around 2010, and 
there were many links between Lactobacillus and other keywords. The research boom on the “probiotics” keyword also 
continued from 2010 until 2014. Nevertheless, according to years of research advancement and study collections, it was 
found that probiotic supplements (including Lactobacillus), whether during pregnancy or infancy, could not reduce the 
risk of asthma in children at age 2 or 6 years.24–28 In recent decades, researchers have constantly been looking for 
efficient asthma remedies, and probiotic supplement therapy is a great and meaningful practice, even though there was no 
discernible link between probiotic supplements and a decreased risk of asthma.

Third, chain fatty acid. Numerous pieces of evidence have shown short-chain fatty acids (SCFAs) as the primary 
mediators of the lung-gut axis, effectively reducing lung pro-inflammatory reactions in asthma.29 However, long-chain 
n-3 fatty acid supplementation during pregnancy could lower the incidence of asthma in children with limited and low- 
intensity evidence, and supplementation during lactation could not.30,31 Precisely, SCFAs mainly derived from gut 
microbiota metabolism and were intimately related to certain foods, including butyrate, propionate, and acetate.32 

Notably, the research found that fecal butyrate levels were significantly lower in asthma children compared to children 
without asthma. Low fecal butyrate is linked to higher levels of mite-specific IgE and an increased risk of asthma in 
children.33 Another prospective birth cohort study also demonstrated that children with the highest levels of butyrate and 
propionate (≥95th percentile) in feces at 1-year old were at lower risk of developing asthma between 3 and 6 years.34 

Moreover, a slew of animal studies has established that SCFAs may improve asthma airway inflammation by suppressing 
airway hyperreactivity driven by group 2 innate lymphoid cells, inducing neutrophil and eosinophil apoptosis, increasing 
Treg numbers and activity in both the intestinal lymph nodes and the spleen, and so on.29,35,36 In conclusion, SCFAs 
could improve asthma. Meanwhile, dietary SCFAs are the most secure and cost-effective way to impact the large global 
patient population. Therefore, dietary therapy for SCFA supplementation may be a workable therapeutic option for 
preventing and alleviating asthma in children.

Collectively, the study of intestinal flora and asthma covers a wide range of subjects, including establishing 
a connection, examining the mechanisms involved, and finally developing treatments. Evidence suggests that Treg 
cells play a significant role in the pathogenesis of asthma caused by dysbiosis of the gut flora, and that probiotic 
supplements do not reduce the risk of asthma, whereas SCFA supplementation does. Additionally, a diet rich in fruits and 
vegetables with antioxidant vitamins may have possible anti-inflammatory qualities that reduce the chance of developing 
asthma.37,38 In summary, the trend and development of intestinal flora and asthma research showed a significant link 
between gut flora and the occurrence and treatment of asthma. The focus of the studies has gradually broadened over 
time, as has the depth, but there is still potential for further branched. It is expected to prevent and treat asthma through 
the regulation of gut flora. However, further research and experiment are required to elucidate deeper connections and 
more specific mechanisms between asthma and gut flora in order to achieve precision therapy.

Moreover, the study has some limitations. Firstly, we only covered English-language publications, which may result 
in selection bias. Secondly, the study was based only on the WOS database. Even though the WOS database was known 
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to have a relatively reliable database, including more than 12,000 of the greatest impact and quality scientific journals,39 

it will inevitably lead to bibliography omissions. Third, Citespace could provide a macro-level picture built on the 
concept of co-occurrence clustering, which benefited hotspot analysis and trend prediction in a field but not for less 
abundant investigated studies that cannot become hotspots or clusters.

Conclusion
From 2001 to 2021, the number of intestinal flora and asthma articles increased rapidly with good cooperation between 
different authors, countries, and institutions. The research direction in this area has recently evolved from macro to micro 
with depth broadened. As a robust scientific evaluation, the study provided a comprehensive overview of the field, 
particularly for research focus, which could more precisely direct scholars on future research and clinical diagnosis, 
therapy, and individualized prevention.
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