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Abstract: Background: Acute lung injury (ALI)/acute respiratory distress syndrome (ARDS) is a clin-
ical syndrome associated with mitochondria and lacks effective preventive and therapeutic measures.
This bibliometric study aims to gain insight into the scientific findings regarding mitochondria in
ALI/ARDS. Methods: We retrieved the Science Citation Index Expanded (SCIE) of the Web of Science
Core Collection (WoSCC) for mitochondria in ALI/ARDS publications from 2012–2021. VOSviewer,
CiteSpace (5.8. R3) and Bibliometrix (3.1.4) R package were used for further analysis and visualization.
Result: A total of 756 English-language articles and reviews were identified. The annual number
of publications presented a rapidly developing trend. China was the most productive and cited
country, and the USA had the greatest impact. In the keyword co-occurring network, the terms “acute
lung injury”, “oxidative stress”, “inflammation”, “mitochondria” and “apoptosis” occurred most
frequently. The co-citation network revealed that #1 mesenchymal stromal cell and #3 endothelial
cell had the most bursts of citations. In addition, research hotspots have shifted from “potential
therapeutic treatments” and “mitochondrial DNA (mtDNA)” to “endothelial cell” and “mesenchy-
mal stromal cell (MSC)”. Conclusion: This bibliometric analysis reveals the research directions and
frontier hotspots of mitochondria in ALI/ARDS, which has shown a rapid growth trend in annual
publication numbers. mtDNA, mitophagy, and apoptosis have been the most active research areas,
while studies on mitochondrial transfer in stem cells have become a hot topic in recent years.

Keywords: mitochondria; acute lung injury; acute respiratory distress syndrome; bibliometric
analysis; CiteSpace; VOSviewer

1. Introduction

Acute lung injury (ALI) is a clinical syndrome caused by a variety of direct or indirect
pathogenic factors and accompanied by extensive lung inflammation, which is character-
ized by acute diffuse alveolar injury, congestion, increased alveolar capillary permeability,
inflammatory cell infiltration and an impaired blood–gas barrier. The clinical manifestation
is hypoxic respiratory failure, which can further develop into acute respiratory distress syn-
drome (ARDS), and 80% of ALI/ARDS cases are caused by severe sepsis [1,2]. According to
a research report, there are approximately three million cases of ARDS each year worldwide,
accounting for 10% of intensive care unit (ICU) patients and a 35–40% mortality rate, which
has become a global public health problem that seriously endangers human health [3,4]. In
clinical practice, the main focus is on symptomatic supportive treatment, and there are no
effective measures to prevent or treat septic lung injury [5,6]. There is a current necessity to
further understand the pathophysiological processes and mechanisms of ALI/ARDS and to
identify new therapeutic approaches to improve the survival and prognosis of ALI/ARDS
patients [7]. As an important organelle for cellular biosynthesis, bioenergy and signaling,
mitochondria play an important role in cellular adaptation to internal environmental home-
ostasis and maintenance of normal physiological functions [8–13]. Various endogenous
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and exogenous stresses affect crucial processes of mitochondrial homeostasis, such as the
mitochondrial redox system, oxidative phosphorylation, mitochondrial biogenesis and
mitophagy, which disrupt mitochondrial function [14,15]. Recent studies have shown
that multiple aspects of mitochondrial biology are key determinants in the development
and progression of ALI/ARDS, including mitochondrial dynamics and mitophagy, which
ensure physiological responses to stresses by removing excess mitochondrial ROS (mtROS),
mtDNA and other relevant factors [16,17]. In addition, mitochondria are highly susceptible
target organelles in the early stages of sepsis, and their damage and dysfunction are closely
related to the prognosis of septic lung injury. It is thus clear that mitochondria are critical
cellular components in the developmental process of ALI/ARDS. Therefore, deciphering
the mitochondria-related molecular mechanisms and modulatory targets in ALI/ARDS
progression will contribute to our inspiration for potential new therapies.

Bibliometrics is a field of study in library and information science. As a new method
of statistical analysis, it plays an important role in analyzing impacts and trends [18].
Therefore, bibliometrics is gradually gaining widespread attention and recognition [19]. By
analyzing the characteristics of databases and the literature itself, bibliometrics can predict
the trends of a field and reveal key research directions. In addition, it can be used as an
auxiliary guidance strategy for scientific research and can play a decision-making role in
research development [20]. In recent years, bibliometric analysis has been increasingly ap-
plied to clinical medicine, preventive medicine and alternative medicine [21–24]. However,
no bibliometric studies have been conducted on mitochondria in ALI/ARDS. Understand-
ing the current status, focus areas, and future prospects of mitochondria in ALI/ARDS will
help explore the intrinsic relationship between the discipline’s knowledge structure and
the mechanisms of disease development, providing a deeper insight into the role played by
mitochondria in ALI/ARDS and assisting in the discovery of ground-breaking strategies to
clinical prevention and treatment problems. Therefore, this study systematically analyzes
the scientific findings of mitochondria in ALI/ARDS, expecting to find new answers for
the prevention and treatment of ALI/ARDS.

2. Materials and Methods
2.1. Data Collection

Our raw data were retrieved and downloaded from the Web of Science Core Collec-
tion (WoSCC) Expanded Science Citation Index (SCIE), developed by Thomson Scientific.
Web of Science consists of a large number of high-quality and high-impact scientific stud-
ies, making it the most comprehensive and inclusive collection of information available
worldwide. Due to the differences in citation data in each database, no database used for
bibliometric studies is considered to be the most superior [25,26]. We chose WoSCC because
it contains a comprehensive citation index record that offers a wide range of possibilities
for bibliometric analysis, and it is the most commonly accepted database for bibliometric
research at present [27,28]. Under the MeSH citation, the search terms were set as follows:
TS = (mitochondria OR mitochondrion OR mitochondrial) AND TS = ((acute lung injury)
OR (acute respiratory distress syndrome) OR (ALI) OR (ARDS) OR (respiratory distress
syndrome)). We retrieved all articles and reviews in English on mitochondria in ALI/ARDS
published online between 2012 and 2021 from the WoSCC’s SCIE. Meanwhile, to reduce
bias, it was ensured that two observers conducted the literature search independently on
the same date (30 September 2022) with a consistency of more than 0.9, indicating relative
confidence [29]. Ultimately, 756 original articles and reviews were included in the analysis
and further analyzed and visualized. The literature search process is shown in Figure 1.

2.2. Bibliometric Analysis

In this study, both objective and evaluative bibliometrics were used to visualize and
analyze mitochondrial research findings in the field of ALI/ARDS. Objective bibliometrics
measures the amount of literature, the number of citations and the analysis of citations [30].
The productivity, impact and quality of publications are expressed as the number of
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publications (Np), the number of citations (excluding self-citations) (Nc) and the average
number of citations (Na) as Nc/Np, respectively. Evaluative bibliometrics measures the
quantitative evaluation of the contributions of countries, authors, journals and institutions
in the field and their quantifiable indices, such as the H-index [31,32]. The articles that
influence the history of a field and show the current research hotspots as well as future
trends can be identified by this analysis [33,34]. More importantly, the impact factor (IF)
and local citation score (LCS) of the latest edition of the Journal Citation Reports (JCR) also
indicate the value of an article [35,36]. In addition, the study topics were identified thanks
to the easy-to-use data analysis capabilities of the WoSCC database, followed by the use of
Endnote X9 and the R4.1.1-based Bibliometrix Package to store, clean and count the data.
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Figure 1. Flowchart of the screening process.

VOSviewer, CiteSpace and R (version 4.1.3) were used for statistical calculations and
graphical visualization. VOSviewer is a free Java-based software. The software’s clustering
algorithm is related strength-based and provides a comprehensive and detailed bibliometric
map based on collaborative data [37]. CiteSpace is software for analyzing the underlying
knowledge contained in the scientific literature and visualizing the gathered data [38,39].
The software can visualize a field’s research results and predict future research trends
by mapping the co-citation network of the literature [40]. R software (version 4.1.3) is
a language environment widely applied to statistical computing and plotting. [41]. The
bibliometrix package 3.2.1 in R was used for data cleaning, such as writing formatting,
synonym merging and performing fundamental bibliometric analysis [42].

3. Results
3.1. The Global Overview of Publications

A total of 756 articles (580) and review articles (176) published within the last decade
were retrieved. The total Nc of the retrieved publications was 20,762, the mean Nc per
paper was 28.1 and the total H-index was 63. Overall, for mitochondrial-related research in
the ALI/ARDS field, 4574 authors affiliated with 1217 institutions have been published in
346 journals worldwide, with authors from 61 countries or regions.
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3.2. The Annual Trend of Publication Quantity

Figure 2A shows the annual Np related to mitochondria in ALI/ARDS. The total
number of annual papers fluctuated between the decades but increased from 20 in 2012
to 122 in 2021 and showed an increasing trend. The polynomial fitting curve (cubic) with
a correlation coefficient R2 of 0.9727 indicated a high correlation between the number of
publications per year and the year of publication. The annual growth rate calculated using
bibliometric methods was 35.7%, and the growth rate increased with time. At the level of
the top three countries in terms of Np, the annual Np of China has increased rapidly since
2017, while the growth trends tend to be stable in the USA and Germany, indicating that
China has been productive in this field of research in recent years.
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In Figure 2B, the annual Np was divided into two phases. Using the research develop-
ment model [43], we found that publication production was at a low level from 2012–2015
(Phase I). In this nascent phase, the relevant theories in the field were not entirely validated,
and the focus on mitochondria in the field of ALI/ARDS was coming into the spotlight.
From 2015 to the present (Phase II), the publication output in this field has shown a rapid
increase, indicating that an increasing number of scholars are focusing on this field and
conducting research, resulting in more research results. In summary, these findings suggest
that the study of mitochondria in ALI/ARDS has become a hot topic and entered a phase
of rapid development.

3.3. Analysis of Countries and Institutions

A total of 61 countries/regions have published academic articles in the field of mi-
tochondria in ALI/ARDS, but more than 75% of the publications were contributed by
researchers from the top two most-active countries (China and the USA). We listed the top
10 countries with the highest publication output of articles (Table 1). China is the most
published country in this field (327 papers/42.58%, 6217 citations, Na = 19.01), followed
by the USA (270 papers/35.16%, 9816 citations, Na = 36.36), Germany, Canada, England
and Italy. In terms of the H-index, China and the USA scored the highest, with 41 and
48, respectively. Compared to Germany, with an H-index of 17, and England, with an
H-index of 19, Canada and Italy received higher scores of 24 and 21, respectively. As shown
in Figure 3A, the Np levels were relatively low and stable in all countries except China
and the USA. In 2021, although China ranks first in Np, the LCS is far below the USA
(Figure 3B). This showed that while China had the highest Np in this field, the USA still
led in terms of article quality, indicating that the USA had the greatest impact in this field.
Figure 3C shows the level and distribution of Np in each country through the shades of
colors. Figure 3D shows the cooperation relationship between different countries/regions.
The connecting line indicates that two countries/regions cooperate, and the thicker the line
is, the closer the cooperative relationship.

Table 1. Publications in the 10 most productive countries/regions.

Rank Country/Region Np % of (756) Nc Na H-Index

1 China 327 42.58 6217 19.01 41
2 USA 270 35.16 9816 36.36 48
3 Germany 40 5.21 999 24.98 17
4 Canada 39 5.08 2019 51.77 24
5 England 35 4.56 1694 48.40 19
6 Italy 33 4.30 1148 34.79 21
7 France 29 3.78 977 33.62 16
8 Japan 21 2.73 486 23.14 13
9 India 20 2.60 338 16.90 8

10 South Korea 17 2.21 679 39.94 13

Table 2 lists the top 10 institutions with the highest Np of mitochondria in ALI/ARDS.
The top three institutions with the highest Np were the University of California System,
US Department of Veterans Affairs and Veterans Health Administration VHA, and, sur-
prisingly, these three institutions not only had the highest Np (29, 27, and 26, respectively)
but also had high H-index (17, 15, and 14, respectively). Although the Np of Harvard
University in the USA was only 19, its Nc reached 1273 and Na reached 67, and, similarly,
it reached the highest H-index of 18. Among the top 10 institutions, as many as six were
in the USA, indicating that US institutions were more influential in this field, publishing
many high-quality articles. In addition, Shanghai Jiao Tong University, Sichuan University
and Chang Gung University, located in China, have also made some achievements in
this field.



Int. J. Environ. Res. Public Health 2023, 20, 585 6 of 20

Int. J. Environ. Res. Public Health 2023, 20, x FOR PEER REVIEW 6 of 22 
 

 

the USA. In 2021, although China ranks first in Np, the LCS is far below the USA (Figure 
3B). This showed that while China had the highest Np in this field, the USA still led in 
terms of article quality, indicating that the USA had the greatest impact in this field. Figure 
3C shows the level and distribution of Np in each country through the shades of colors. 
Figure 3D shows the cooperation relationship between different countries/regions. The 
connecting line indicates that two countries/regions cooperate, and the thicker the line is, 
the closer the cooperative relationship. 

Table 1. Publications in the 10 most productive countries/regions. 

Rank Country/Region Np % of (756) Nc Na H-Index 
1 China 327 42.58 6217 19.01 41 
2 USA 270 35.16 9816 36.36 48 
3 Germany 40 5.21 999 24.98 17 
4 Canada 39 5.08 2019 51.77 24 
5 England 35 4.56 1694 48.40 19 
6 Italy 33 4.30 1148 34.79 21 
7 France 29 3.78 977 33.62 16 
8 Japan 21 2.73 486 23.14 13 
9 India 20 2.60 338 16.90 8 

10 South Korea 17 2.21 679 39.94 13 

 
Figure 3. (A) Publications in the 10 most productive countries/regions. (B) The yearly number of 
local citation scores (LCS) of the 10 most productive countries/regions. (C) The country/region dis-
tribution of publications. Note: The blue shade indicates the number of publications, with darker 
blue indicating more publications. (D) The cooperation map of countries involving mitochondria 

Figure 3. (A) Publications in the 10 most productive countries/regions. (B) The yearly number of
local citation scores (LCS) of the 10 most productive countries/regions. (C) The country/region
distribution of publications. Note: The blue shade indicates the number of publications, with darker
blue indicating more publications. (D) The cooperation map of countries involving mitochondria in
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Table 2. The top 10 productive institutions.

Rank Institutions Country Np Nc Na H-Index

1 University of
California System USA 29 1345 46.38 17

2 US Department of
Veterans Affairs USA 27 837 31.00 15

3 Veterans Health
Administration VHA USA 26 812 31.23 14

4 Shanghai Jiao Tong
University China 24 461 19.21 12

5

Pennsylvania
Commonwealth

System of Higher
Education PCSHE

USA 20 713 35.65 11

6 Harvard University USA 19 1273 67 18
7 Sichuan University China 19 297 15.63 11

8 University of
Pittsburgh USA 19 706 37.16 11

9 Chang Gung
University China 18 660 36.67 11

10 University of Toronto Canada 18 1204 66.89 15
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3.4. Analysis of Journals and Disciplines

A total of 346 journals published papers in the area of mitochondria and ALI/ARDS.
Table 3 shows the overall profile of the top 10 journals in Np, including the H-index
and the JCR-issued IF for 2021. Since these journals have published the most papers on
related topics in the last decade, scholars in this research area could focus on these journals,
and similarly, these journals were more likely to publish articles about mitochondria in
ALI/ARDS. In addition, the average IF of these journals was upward of six, indicating that
mitochondria in ALI/ARDS was a promising research field favored by high-level journals
and deserved further exploration.

Table 3. The top 10 productive journals.

Rank Journal Np Nc Na H-Index IF (2021)

1 Am. J. Physiol.-Lung C 28 736 26.29 17 6.011

2 Free Radical. Bio. Med. 20 759 37.95 15 8.101

3 Int. J. Mol. Sci. 20 451 22.55 10 6.208

4 Oxid Med. Cell Longev. 19 402 21.16 13 7.310

5 PLoS ONE 15 504 33.60 12 3.752

6 Front Immunol. 14 563 40.21 9 8.786

7 Shock 13 229 17.62 10 3.533

8 Sci. Rep.-Uk 11 157 14.27 7 4.996

9 Am. J. Resp. Cell Mol. 10 225 22.50 9 7.748

10 Biomed. Pharmacother. 9 110 12.22 6 7.419

The dual-map overlay obtained using CiteSpace is a useful tool to show the disciplines
to which they belong. The left and right sides of the dual-map overlay represent citing
and cited journals, respectively, and are interconnected by citation waves. The citing side
can be considered the research frontier, and the cited side can be considered the basis of
their research [44,45]. The labels at the center of the clustering indicate the correspond-
ing disciplines of the citing or cited articles (Figure 4A). The z-score function allows for
highlighting strong connections, making them easier to identify (Figure 4B). Journals with
larger numbers are marked with circles of different sizes at the end of the citation wave.
In this overlay, the largest and most dominant source disciplines were easily identified as
(1) “Molecular, Biology, Immunology”. (2) “Veterinary, Animal, Science”, (3) “Medicine,
Medical, Clinical” and (4) “Physics, Materials, Chemistry”. Most of the citations linked
point to two disciplines: (1) “Molecular, Biology, Genetics” and (2) “Health, Nursing,
Medicine”. In addition, (3) “Environmental, Toxicology, Nutrition” and (4) “Chemistry,
Materials, Physics” were also attractive. The dashed lines across the different clusters
in Figure 4C indicate the co-citation connections of the cited journals, from which we
can see intense cross-border connections between the four most cited major disciplines.
Figure 4D–F shows the citing and cited path starting and ending the year on the correspond-
ing side, whose trajectory can help illustrate the dynamics of publication at the disciplinary
level [45]. The citing trajectory presents a general shift from lower zones to upper areas
on the map. Based on the citation waves, the starting point of the citing trajectory appears
to be influenced by the development of the discipline of “Medicine, Medical, Clinical”. In
contrast, the ending point of the citing trajectory is significantly dominated by publications
in the field of “Molecular, Biology, Immunology”. This shows a rough tendency for the
hotspots of the research front to drift from clinical to basic research over the past ten years.
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3.5. Analysis of Local Citation Score (LCS)

The LCS significantly represents the impact of an article in the local field. Figure 5A
shows the details of the top 15 articles in terms of local citations obtained from our LCS
analysis. Figure 5B shows a network diagram of the top 40 papers in the LCS rank-
ings, with each node representing a cited paper. Each node is sized based on the fre-
quency of this article among the other 39 articles. Unsurprisingly, an article published by
Islam MN et al. [46] in Nature Medicine in 2012 obtained the highest LCS score. This study
showed that mitochondrial transfer from bone marrow mesenchymal stem cells (BMSCs)
to the alveoli effectively prevents ALI, laying the foundation for research on the protec-
tive role of stem cells by transferring mitochondria. In addition, an article published by
Jackson MV et al. [47] in Stem Cells in 2016 also received a high LCS score, which demon-
strated for the first time that mitochondrial transfer from MSC to macrophages can lead to
their enhanced phagocytosis and revealed an important new mechanism for the protective
role of MSC in the lung. Similarly, Morrison TJ et al. [48] published an article in American
Journal of Respiratory and Critical Care Medicine in 2017 corroborating that MSC can regu-
late macrophages in clinically relevant lung injury models through extracellular vesicular
mitochondrial transfer. Thus, the treatment of ALI by stem cell mitochondrial transfer has
become a recent hot topic for researchers in this field, and many results have been achieved
that have had a significant impact. Except for Faust He et al. [49], who published an article
on plasma mtDNA levels in trauma and sepsis patients with ARDS in 2020, the remaining
14 studies were conducted between 2012 and 2017, indicating that research in the field was
in a primary stage during this period, while scholars around the world have continued to
build on these classic studies to expand the impact of the field after 2017.
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3.6. Analysis of Hotspots and Frontiers

Keyword co-occurrence analysis easily summarizes the themes of various studies in a
field and suggests research hotspots and directions. We visualized the hot themes in this
field using VOSviewer (Figure 6A). The 260 keywords that appeared more than five times
were divided into five clusters according to different colors: Cluster 1 (red): mechanisms
and pathways of effects on mitochondria in the prevention and treatment of ALI/ARDS;
Cluster 2 (green): relationships between mitochondrial metabolism and sepsis and in-
flammation; Cluster 3 (blue): mitophagy and NLPR3 inflammasome activation pathways;
Cluster 4 (yellow): mechanisms of effects between mitochondria and lipopolysaccharide
(LPS)-induced apoptosis in ALI/ARDS; and Cluster 5 (purple): relationships between mi-
tochondria and reactive oxygen species (ROS)-induced oxidative stress with lung epithelial
and lung endothelial cells. The size of the nodes represents the frequency of occurrence. The
most frequent keywords in addition to “ALI” and “mitochondria” were “oxidative stress”,
“inflammation”, “apoptosis”, “sepsis” and “autophagy”, indicating that basic research
related to mitochondria in ALI/ARDS was fruitful in terms of cell death mechanisms.
In addition, Figure 6B shows the visualization of the keywords according to APY. The
yellow keywords appeared later than the blue ones. The latest keywords were COVID-19
(Cluster 1, APY: 2020) and SARS-CoV (Cluster 1, APY: 2020), which were closely related to
the outbreak of the COVID-19 epidemic in the last two years.
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Figure 6. The mapping on keywords of mitochondria in ALI. (A) The 260 keywords that occurred
more than five times were divided into five clusters by different colors: cluster 1: red, cluster 2: green,
cluster 3: blue, cluster 4: yellow, cluster 5: purple. Note: The size of the node represents the frequency
of occurrence. The color of the node represents the different clusters. The thickness of the lines
represents the link strength. (B) Visualization of keywords according to the APY. Note: The size of
the node represents the frequency of occurrence. The color of the node represents the time when the
keyword appeared. Keywords in yellow appeared later than that in blue.
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3.7. Analysis of Co-Cited Reference Clusters

Co-citation networks can help scholars understand the important publications, re-
search bases, and research hotspots and frontiers of a field. Therefore, we used the CiteSpace
tool to classify these references into nine clusters: #0 suggested model, #1 mesenchymal
stromal cell, #2 potential therapeutic benefit, #3 endothelial cell, #4 targeting mitochon-
dria, #5 mitochondrial DNA, #6 melatonin-mitochondria treatment, #7 lung disorder, and
#8 reinforcing autophagy. The silhouette value of each cluster was greater than 0.8, and the
numbers 0 to 8 represented the clusters from large to small. Figure 7A visualizes the above
clusters. Figure 7B shows a timeline view of the co-citation clusters, with the annual rings
representing the frequency of citations, the thickness of the rings representing the number
of citations, and the connections between the nodes indicating the co-citation intensity,
from purple to yellow representing the years of publication from 2007 to 2021. The results
showed that #1 mesenchymal stromal cell and #3 endothelial cell had the most citation
bursts. In addition, research hotspots have shifted from potential therapeutic treatments
and mtDNA to endothelial cell and MSC.

3.8. Burst Detection

A citation burst is a sudden increase in the number of citations during a short period,
and burst detection reveals the most active areas and emerging trends in the network.
Figure 8A shows the papers with the strongest citation bursts in research on mitochondria
in ALI/ARDS between 2012 and 2021. Each node represents a cited reference, and the red
circle outside the node means that the reference has a strong burst. Interestingly, we can see
that the three studies that ranked high in the LCS, from Islam MN [46], Jackson MV [47],
and Morrison TJ [48], also appeared in the citation blast, thus showing that these three
studies have had a great and far-reaching impact. Figure 8B then shows the details of the
top 25 references with the highest citations according to citation strength.
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Figure 8. (A) Papers with the strongest citation bursts in original articles on the mitochondria in ALI
between 2012 and 2021. Note: Each node represents a cited reference, and the red circle outside the
node means that the reference has a strong citation burst. The links between nodes reflect the strength
of the co-citation. The different colors represent the publication year of the paper, with purple being
the earliest and yellow being the latest. (B) The top 25 references with the strongest citation bursts.

4. Discussion

In this study, we collected data from 756 papers on mitochondria in ALI/ARDS during
the last decade from the SCIE database. We performed a series of bibliometric analyses
and data visualization through the Biblimetrix (3.1.4) R package, CiteSpace (5.8. R3) and
VOS viewer, revealing that the number of publications in this field per year shows a rapid
growth trend, especially after 2015.

Among the top-ranked countries/regions, China ranked first in production (327,
42.58%), followed by the USA (270, 35.16%), indicating that China and the USA led in
this field. In recent years, China’s scientific development has grown by leaps and bounds.
China’s position as the largest publishing country was closely related to its substantial
support for scientific research and the vigorous training of scientific talent. However,
compared to China, the USA had higher Nc, Na and H indices, representing a more solid
research foundation and results in this field. More importantly, six of the top 10 affiliates
were from the USA, which may be one of the reasons why the USA was more influential
in mitochondrial research in ALI/ARDS. Except for China and the USA, the publication
volume was low, but Canada, England, Italy, France and Korea were at a high level of Na
index, representing the relatively high quality of publications in these countries. In this
regard, scholars and affiliates in China, Germany, Japan and India should make further
efforts to improve the quality of papers in this area. As seen from the co-occurrence
network, China and the USA take a central position with the thickest line between them,
which represents a very close collaborative relationship. In addition, the connecting lines
between countries are intertwined, indicating that scholars and institutions in each country
contribute their respective strengths to remove academic barriers and promote academic
cooperation and exchange.
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Of the top 10 journals with the highest Np, seven had an IF above 5, indicating a
high demand for research exploration of mitochondria in ALI/ARDS and that most of
the research in this field was of high quality. It is noteworthy that almost all of the top
10 articles of LCS were published in very high IF journals, including three articles on
the mitochondrial transfer of stem cells, which created a great impact by establishing the
basis of research in this direction. In addition, based on the burst detection findings, it
was suggested that stem cells and endothelial cells were a recent research hotspot in this
field; therefore, scholars in this field can actively focus on these topics. As seen from the
double map overlay, the main disciplines at the forefront of research have undergone a
general shift from “Medicine, Medical, Clinical” to “Molecular, Biology, Immunology”
over the past decade, meaning that the direction of research in this field has gradually
shifted from clinical research to basic research. “Molecular, Biology, Immunology” is still
the most important research discipline in general. In addition, the two cited disciplines
of “Molecular, Biology, Genetics” and “Health, Nursing, Medicine” have been closely
related for many years. The results suggest that research on mitochondria in ALI/ARDS
is currently focused on molecular, biological, immunological and genetic science; thus,
scholars in this field should consider delving deeper into these disciplines to discover more
exhaustive mechanisms.

We found that the years from 2012 to 2015 were the nascent phase of the field, and
the research in this phase was mainly focused on establishing the theoretical foundations
for later studies. For example, Islam MN et al. [46] discovered that mitochondria derived
from BMSCs could be transferred into the alveoli and thus prevent the development of
ALI, which laid a considerable research foundation for the role of stem cell mitochondrial
transfer in ALI, and later scholars continued to build on this research with further innova-
tions. In addition, Athale J et al. [50] found that Nrf2 deficiency inhibited mitochondrial
biogenesis and anti-inflammatory communication in the alveoli, thereby exacerbating ALI.
This study links redox activation of mitochondrial biogenesis to the treatment of ALI.
The dramatic increase in ROS can lead to an imbalance in mitochondrial fusion/division,
which largely accelerates the progression of sepsis-associated multiorgan failure [51]. In
septic ALI, massive expression of the inflammatory amplification factor Trem-1 specifi-
cally increased Mfn-1 and Mfn-2 expression in macrophages, which contributed to the
maintenance of mitochondrial integrity in macrophages [52]. CHANG AL et al. [53] found
that mitophagy in the alveolar region was dependent on the activation of Nrf2 and that
promoting mitophagy may be an effective treatment for septic ALI. Zhang Y et al. [54]
found that deletion of the PINK1 gene could increase the susceptibility of lung endothelial
cells to hyperoxia through mitophagy. mtDNA is a potent inflammatory trigger that can
be present extracellularly in the blood in pathological states. A clinical study found for
the first time that elevated mtDNA levels were associated with ICU mortality; therefore,
mtDNA could be used as a plasma biomarker for risk prediction in ICU patients [55], which
also provided clinical evidence for later basic research on mtDNA in ALI. In addition,
Lee YL et al. [56] found that blood transfusion products contain molecular patterns asso-
ciated with mtDNA damage, which may be a potential effector of transfusion-associated
ALI. The study by Boudreau LH et al. determined that extracellular mitochondria were
produced by platelets and played an important role in promoting the inflammatory re-
sponse [57]. During this phase, there was a burst of research on the potential therapeutic
benefits of mitochondria as well as mtDNA, which can also be seen on the timeline in
Figure 7B.

In the next phase of rapid publication growth, scholars in the field focused on the
specific mechanisms and signaling pathways of mitochondria in ALI/ARDS and con-
sidered the role of mitochondria in various lung diseases and cellular interactions. Mi-
tophagy, mitochondrial biogenesis, mitochondrial energy metabolism, cellular autophagy
and apoptosis are gradually being unveiled by researchers in this field. Signaling molecules
and pathways, such as ROS, NLRP3, Nrf2, HO-1, and NF-κB, have also been tightly
linked to mitochondrial functions. For instance, Yu J et al. [58] found that the HO-
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1/carbon monoxide system ameliorated the imbalance of LPS-induced dynamic mito-
chondrial fusion/fission processes, effectively attenuating LPS-induced ALI. In addition,
significant breakthroughs have been made in the mitochondrial transfer of stem cells.
Jackson MV et al. [47] showed that a large number of mitochondria could be transferred
from MSC to macrophages by tunneling nanotube (TNT)-like structures, and macrophages
that were able to phagocytose MSC-derived mitochondria showed enhanced phagocytic
activity. This study demonstrated for the first time that mitochondrial transfer of MSC can
lead to enhanced phagocytic activity of innate immune cells and revealed an important
new mechanism for the antimicrobial role of MSC in ARDS. Morrison TJ et al. [48] also
showed that MSC ameliorates ALI by promoting an anti-inflammatory macrophage phe-
notype through EV-mediated mitochondrial translocation, the process of which was very
dependent on enhanced oxidative phosphorylation within macrophages. Laffey JG [59]
also detailed in a review that MSC exerts anti-inflammatory and pro-lysis effects on injured
lung endothelium and alveolar epithelium through the release of paracrine factors, mi-
crovesicles and mitochondrial translocation. A clinical study showed a further indication
of the potential correlation between circulating mtDNA and lung injury, which deserves
further investigation as a targeted mediator of ARDS [49]. The five studies mentioned
above also received high LCS scores due to the great impact in their respective fields,
which is reflected in Figure 5A. Furthermore, based on in vitro and in vivo studies, mi-
tochondrial oxidative stress played a key role in endothelial barrier regulation of ALI,
and inflammation-mediated lung injury in diverse ALI models can be mitigated through
the use of mitochondrial antioxidants (MitoTEMPO) [60]. Similarly, increased levels of
mitochondrial oxidative stress were found to correspond to disease severity in ICU patients
with ALI/ARDS [61].

With the outbreak of the COVID-19 epidemic, researchers began to explore the rela-
tionship between mitochondria and COVID-19. It has been shown that COVID-19 viruses
can manipulate the host cytoplasm to release mtDNA and activate the mtDNA-induced
inflammasome, thereby suppressing innate and adaptive immunity [62]. Mitochondrial ox-
idative stress may contribute to microbiota dysbiosis, fostering an inflammatory/oxidative
response that leads to a vicious cycle of events [63]. ORF-9b is a protein virulence factor of
SARS-CoV-2 that is located in mitochondria and leads to excessive fusion of mitochondria
by triggering ubiquitin and proteasome degradation of DRP-1 [64], which is a mechanism
involved in resistance to apoptosis [65]. These findings suggest that the differential local-
ization of viral RNA and proteins in mitochondria play a crucial role in the pathogenesis
of SARS-CoV-2. The majority of patients with severe COVID-19 are elderly individuals,
who are more susceptible to death from infections and complications of chronic diseases
because of the age-related decline in mitochondrial function that leads to chronic metabolic
disorders such as diabetes or cancer. Understanding the mechanisms of the COVID-19
virus–host mitochondrial interaction could provide new approaches to the prevention and
treatment of different causes of ALI/ARDS, including COVID-19, which still seems to
be nonnegligible.

The VOS Viewer, CiteSpace and R (Version 4.1.3) allow a visual analysis of the papers,
thus revealing research trends and hotspots in the field. Meanwhile, through LCS and burst
detection, we found some essential classical papers that have been the basis of research
in the field, leading the development direction, exercising great influence and providing
further research ideas. Compared to traditional reviews, bibliometric studies provide
more visual analysis and better tracking of changing research hotspots. Moreover, this
study utilizes more visualization tools than some past bibliometric studies to present the
results of research in a field from multiple perspectives. However, there are still some
limitations. First, the data in this study only included articles in English and reviews from
SCI-Expanded. Second, we only included papers from 2012–2021. Ten years, as a common
time span for bibliometric analysis, provides a great overview of the developmental history
of the field but may overlook earlier classical research. In addition, we excluded influential
low-NC papers published in 2022, making this study unavoidably delayed. Therefore, a
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bibliometric analysis of newly published articles should be continued at specific times to
enrich the findings in this area continuously.

5. Conclusions

This bibliometric analysis reveals the research directions and frontier hotspots of
mitochondria in ALI/ARDS, which has shown a rapid growth trend in annual publication
numbers. China and the USA have led the field, with China producing the largest number
of papers and the USA producing higher-quality research. Similarly, many of the classical
theories came from the research of USA institutions. The major disciplines at the forefront
of research have shifted from clinical research to basic research. mtDNA, mitophagy and
apoptosis have been the most active research areas, while studies on mitochondrial transfer
in stem cells have become a hot topic in recent years. In addition, studies on the mechanisms
of mitochondria in COVID-19-associated ALI/ARDS are still of great potential value.
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