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Abstract: Atherosclerosis is a pathological vascular state caused by the interaction of environmental
and hereditary factors. Epigenetic modifications may be the bridge connecting environmental
factors and genetic factors. A search for publications on the Web of Science database in the field of
atherosclerosis related to epigenetics was conducted from the earliest mention to December 31, 2020.
Data on total and annual publications, citations, impact factors, Hirsch (H)-index, citation times,
most prolific authors, and frequently published journals were collected for quantitative and
qualitative comparison. A total of 1848 publications related to epigenetics and atherosclerosis were
found. The major contributing countries were the China (522, 28.23%), United States (485, 26.23%),
and Germany (119, 6.44%). The greatest number of retrieved publications were published in the
journal, “Arteriosclerosis, Thrombosis, and Vascular Biology” (62, 3.66%). The publication
“Oxidative Stress and Diabetic Complications” was cited 2370 times. The most frequent keywords
were “DNA methylation” and “LncRNA”. Publications on epigenetic research in the atherosclerosis
field have increased significantly every year, indicating that the study of epigenetic modifications
plays an increasingly important role in understanding the pathology of atherosclerosis.

Keywords: atherosclerosis; epigenetics; publication; bibliometrics; DNA methylation

1. Introduction

Atherosclerosis is a chronic inflammatory disease manifesting with pathological
changes in the cardiovascular system caused by the interaction of environmental and
genetic factors [1]. The environmentally-induced phenotype is dependent on epigenetic
regulation [2], and recent studies have shown that epigenetics plays an important role in
the occurrence and development of atherosclerosis [3]. Further explorations into the
effects of epigenetic modifications on the formation and development of atherosclerosis
are expected to further elucidate the pathogenesis of atherosclerosis [4-6]. The
reversibility of epigenetic modifications may open up new strategies and targets for the
treatment of atherosclerosis [7].

Epigenetic modifications include all types of genetic changes that modulate gene
expression without involving potential changes in DNA sequence [8]. It also refers to the
process by which cells can retain information about prior states and memories of
disturbances without changing the DNA sequence [9] by remodeling chromatin structure
to alter gene expression, through other epigenetic modifications, transcription factors, and
translation mechanisms [10]. Epigenetic plays a crucial role in gene expression regulation
during development, stress and disease [11]. Epigenetic mechanisms include DNA
methylation [4], histone modification [12], chromatin remodeling [13], noncoding RNA
modification [14], histone modification (including acetylation) [15], methylation [16],
phosphorylation [17], ubiquitination [18], and glycosylation [19]. These modifications
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regulate gene expression by altering chromatin structure and creating binding sites for
chromatin-related proteins. Many studies have suggested that the pathogenesis of
atherosclerosis is related to dynamic epigenetic modification [20], but reserving
atherosclerosis by influencing epigenetic modification is an urgent problem to be solved
in clinical research [21]. It is necessary to provide relevant researchers with the research
progress, research trends, and research hotspots in this field.

Bibliometric analysis is an important tool to evaluate the latest trends in current
scientific research [22]. This technology allows people to obtain information about
scientific output of individuals, institutions, and countries by using relevant parameters,
including quantity, journal impact factor (IF) and citation frequency of published papers,
which contribute to predicting the development of certain research fields [23]. This kind
of analysis is usually used to evaluate a large number of scientific papers in a specific
research field [24]. Bibliometric analysis was applied to cancer, exosome [25], coronavirus,
cardiovascular disease [26] and other fields. It is recognized as a systematic analytical
technology that plays a guiding role in the formulation of policies and the establishment
of clinical guidelines [27].

In this manuscript, bibliometric tools were used to analyze publications related to
atherosclerosis in the epigenetic field retrieved from the Web of Science (WOS) databases.
Previous studies have often been presented in the form of still images, and interactive
images are used in our paper to show the correlation between research contents in the
field of atherosclerosis in the field of epigenetic modification. The innovation of this paper
lies in the visual analysis of the research hotspots and trends related to atherosclerosis in
apparent modification as well as previous research emphases, which has guiding
significance for researchers involved in related fields. Over time, the research focus of
atherosclerosis epigenetic modification has shifted from DNA methylation to IncRNA.

2. Materials and Methods
2.1. Data Sources

Based on the publications in the WOS database (http://www.webofknowledge.com/,
accessed on 3 July 2020), we conducted a bibliometric analysis of the research results from
the earliest mention in 1978 to 2020 by online bibliographic retrieval as of 31 December
2020 (28).

2.2. Search Strategy

All published information on the WOS was collected, and the database was validated
as of 31 December 2020. In our study, the research terms were as follows: TS =
atherosclerosis * AND epigenetic. In order to ensure that the publications we retrieved
were comprehensive and accurate, we searched the following keywords separately: TS =
atherosclerosis * AND DNA methylation, TS = atherosclerosis * AND histone
modification, TS = atherosclerosis * AND chromatin remodeling, TS = atherosclerosis *
AND non-coding RNA, and TS = atherosclerosis * AND histone modification. We also
carried out a more detailed keyword search: TS = atherosclerosis* AND Histone
Acetylation, TS = atherosclerosis* AND histone phosphorylation, TS = atherosclerosis*
AND histone glycosylation, TS = atherosclerosis* AND ubiquitination of histone, and TS
= atherosclerosis* AND histone methylation. Document type = (articles and reviews), year
of publication = (all years), and language = English.

All the retrieved publications were filtered to remove duplicate publications. Data
entries and collections were verified by two authors (Linying Jia and Ao Cheng).

2.3. Data Collection

The total records of papers from the WOS database, including publication year, title,
authors’ names, affiliations, nationalities, abstracts and key words, journal names, etc.,
were saved in Txt format and opened by Excel 2019. Our collaborators, Linying Jia and
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Ao Cheng, browsed and extracted the data from these publications. Any disagreement
was resolved through a meeting to reach a final consensus. Lastly, the extracted data were
analyzed by Microsoft Excel 2019 and VOSviewer.

2.4. Bibliometric Analysis

From the downloaded data, Microsoft Excel 2019 (Microsoft, Albuquerque, NM,
USA) extracted the number of papers published by each country, the percentage of the
total number of publications, the citation frequency of publications in this field for each
country, and the average citation frequency. In addition, the contribution of each
institution and the major journals in the field were extracted and depicted as a histogram
from the downloaded data. Scientific networks also allow analysis of many publishing
characteristics, including country and region, institution, publication time, author, and
cited frequency.

2.5. Visual Analysis

VOSviewer is a visual bibliometric network-building software developed by the
Center for Science and Technology Studies (CWTS) of Leiden University in the
Netherlands (https://www.vosviewer.com/ accessed on 3 July 2020). This software can
extract the author, institution, abstract, country, and other related information from
literature search data. These can then be used for visual analysis; mapping of scientific
knowledge; and illustration of the structure, evolution, and cooperation within a specific
area of knowledge (29). The processing flow of VOSviewer is similar to other software for
graphing scientific research trends: file import author, keyword, and other information
extraction; building a co-occurrence matrix; using similarity calculations to standardize
the relationships; and statistical analysis for accurate visual display. For the keyword
map, a full counting method was used, meaning that each co-occurrence link carried the
same weight. VOSviewer software extracts and analyzes the semantic content of titles,
abstracts, and keywords of publications, correlating recurring keyword data and
producing a visual result.

3. Results
3.1. Contributing to Atherosclerosis and Epigenetics

According to survey statistics, a total of 1848 publications were collected from 1978
to 2020. In terms of number of publications per year, 2020 had the highest at 279 (15.06%),
indicating that atherosclerosis is a rapidly developing research area in the epigenetics field
(Figure 1a). Among the countries publishing in this area, China published the most
relevant publications or reviews (522, 28.23%), followed by the United States (485,
26.23%), Germany (119, 6.44%), Italy (77, 4.16%), and England (69, 3.73%) (Figurelb,c).
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Figure 1. Global trends and countries contributing to atherosclerosis research. (a) Global number of
related articles by year. (b) Top twenty countries with the highest number of published articles. (c)
Global map showing countries where the articles were published.
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3.2. Citation Numbers

United States publications were cited the most (24,795 times) with China ranking
second (8151 times), followed by Germany (4366 times), England (3143 times), and Italy
(2381 times) (Figure 2a). In terms of average citation frequency, Switzerland’s publications
were cited the most (66.55 times). The second was France (64.38 times), followed by
Finland (64.31 times), United States (51.12 times), and England (45.55 times) (Figure 2b).
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Figure 2. Citation frequency and H-index levels of different countries. (a) Total citations of the AS
research articles from different countries. (b) Average citations per paper for articles from different
countries. (¢) The H-index of publications in the different countries.
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3.3. H-Index

The h-index is an indicator of the scientific impact of an academic publishing career
[28]. A country’s publications are ordered according to the number of times each was
cited, from highest to lowest, and the list is scanned until the number of the last
publication greater than or equal to the citation number is found [29]. Thus, the H-index
is the number of papers published that were cited at least H times [30]. The H-index from
United States authors was the highest at 101, followed by China (45), Germany (34), the
Netherlands (27), and England (26) (Figure 2c).

3.4. Institutions and Publications

The contribution of institutions to a certain field is very important; the three most
productive sources in the field were Washington U. (36, 2.13), Harvard U (31, 1.83), and
Karolinska Inst (28, 1.65) (Table 1).

Table 1. Most productive institutions in the field of atherosclerosis.

Institution No. (%) of Publications(N = 1848)
Washington University 36 (1.95)
Harvard University 33 (1.79)
Karolinska inst 28 (1.52)
Shanghai jiaotong University 28 (1.52)
Chinese Academy of Medical Sciences 27 (1.46)

The journals with the largest number of publications were ‘Arteriosclerosis
Thrombosis and Vascular Biology”’ (62, 3.66), ‘Atherosclerosis’ (58, 3.43), and ‘Plos One’
(48, 2.84) (Table 2)

Table 2. The top five publications.

Rank Journal No. (%) of Publications (N = 1848)
1 Arteriosclerosis th.rombosis and vascular 66(3.57)
biology
2 Atherosclerosis 61(3.30)
3 Circulation research 50(2.71)
4 Plos one 49(2.65)
5 International journal of molecular 33(1.79)

The publication “Oxidative Stress and Diabetic Complications” was cited 2370 times.
It is the most frequently cited publication and has important guiding significance for the
research in this field.

3.5. Bibliographic Coupling Analysis

Literature coupling reflects the relationship between two bibliographies in terms of
similarity of citations. Bibliographic coupling occurs when two papers cite the same
reference in their respective bibliographies. This indicates that there may be internal
relations and rules between two publications. The journal names of all publications were
analyzed by VOSviewer. As can be seen in Figure 3a, there were 48 journals showing
success through high total link strength (TLS). The five journals with the highest TLS were
Atherosclerosis (9280), Vascular Pharmacology (6688), Arteriosclerosis, Thrombosis, and
Vascular Biology (6636), Circulation Research (5519), and the International Journal of Molecular
Sciences (5169).
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Figure 3. Bibliographic coupling analysis. (a) Coupling analysis chart of 48 journals with eight or
more articles were analyzed. (b) Literature coupling analysis chart composed of 78 organizations
with ten or more articles. (c) Literature coupling analysis chart of 29 countries with twelve or more
articles. The line between two points in the figure shows that two journals, institutions, or countries
had established a similarity relationship. The thicker the line, the closer the link between the two
journals, institutions, or countries.

The publications from 78 institutions were analyzed by VOSviewer and the
minimum number of documents for inclusion of an organization was more than 10
(Figure 3b). The five universities with the highest TLS were Washington U. (14,991),
Harvard (13,867), U. of Minnesota (13,448), Columbia U. (11,916), and Ludwig
Maximilians U. (11,161).

The publications from 29 countries were analyzed by Vosviewer, and only those
countries with at least 12 documents were included (Figure 3c). The five countries with
the highest TLS were the United States (187,587), China (136,300), Germany (99,698), Italy
(55,450), and the Netherlands (53,720).

3.6. Co-Occurrence Analysis

Co-occurrence analysis refers to the phenomenon that the same or different types of
feature items appear together. The purpose of cooperative analysis is to determine
popular areas and development directions for cooperative research. This has proved to be
very important in the development of science monitoring systems and other disciplines.
The title and abstract of the retrieved literature were opened through VOS Viewer
software. The software associated the repeated keywords, set the frequency of keyword
occurrence not less than 30 times, and generated interactive visual analysis images of the
selected keywords through the software. As shown in Figure 4a, the 85 keywords were
divided into four clusters: “molecular level research”, “mechanism research”, “in vitro
research”, and “in vivo research”. These results are the most prominent topics in the
epigenetic field of atherosclerosis. In the cluster of “molecular level research”, the main
keywords were “atherosclerosis” and “expression”. In the “mechanism research” cluster,
the main keywords were “DNA methylation” and “methylation”. In the “in vitro
research” cluster, the main keywords were “smooth muscle cells” and “gene expression”.
In the “in vivo research” cluster, the main keywords were “epigenetics” and
“cardiovascular disease”. The VOS viewer colors keywords are based on the average
number of times that they appear in all included publications. Purple means that
keywords appear earlier, while yellow means that keywords appear later. Figure 4b
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shows that most of the studies before 2014 focused on “mechanism research” and “in vitro
research”. However, based on trends in recent years, current research pays more attention
to comprehensive development.

ly-mags index

) 4“’ .\b.ody-mm index
=/ b
health

vascular smog

2012 2013 2014 2015 2016 2017

(b)

Figure 4. Co-occurrence analysis of global research about atherosclerosis. (a) Mapping of keywords
in the research on atherosclerosis. The size of the points represents the frequency, and the keywords
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are divided into four clusters: molecular level research (left in blue), in vitro research (lower in
yellow), in vivo research (right in red) and mechanism research (upper in green). (b) Distribution of
keywords according to the mean frequency of appearance. Keywords in purple appeared earlier
than those in green, and yellow keywords appeared later. The size of the points represents the
citation frequency. A line between two points means that both were cited in one journal. A shorter
line indicates a closer link between two journals. Points in the same color belong to the same research
direction.

4. Discussion

Epigenetic processes are highly dynamic and reversible, and have specific ‘writers’
and ‘erasers’ that regulate gene expression. Targeting these epigenetic processes offers a
great opportunity for discovery of new ways to prevent and treat atherosclerosis [14]. The
VOSviewer supports the import and analysis of literature databases, general network
data, and text data [28]. The core idea of the design of VOSviewer is ‘co-occurrence
clustering’, which means that, if two things appear at the same time, they must be related
[31]. There are many types of correlation, and their strength and direction are different.
Different types of groups can be found by clustering based on the measurement index of
relationship strength and direction [32]. Cluster analysis can reveal the research status of
a field intuitively, and has great significance for guiding future research trends [33].

With the recognition that epigenetic modifications have a key role in atherosclerosis,
the number of publications related to atherosclerosis in the epigenetic field began to
increase every year from 1995 to 2020. This shows that atherosclerosis research has
experienced rapid development in the field of epigenetics, and that epigenetic studies on
atherosclerosis constitute a hot new area. In our study, we used bibliographic coupling
analysis to establish similarity relationships between publications in different countries,
journals, and institutions. These data indicated that Arteriosclerosis Thrombosis and Vascular
Biology was the most closely related journal. The key words in the titles and abstracts of
the included studies were analyzed to yield a map showing the collaborative network
[34]. From these results, the research hotspots and future development trends in this field
were identified and predicted [35]. Based on the co-occurrence network, we identified
four potential research trends: molecular level research, mechanism research, in vitro
research, and in vivo research. Our study clarified the association between previous
investigations and future research trends.

The visualization diagram is similar to the co-occurrence diagram, but the items are
colored differently [30]. This effective method is used to monitor research progress [29].
For example, the overlay visualization shows that the study of DNA methylation in
atherosclerosis is a hot topic in this field. Moreover, according to our research results,
there have been significantly more studies on IncRNA in the field of atherosclerosis since
2017. We speculate that research focused in this direction will become a hotspot in
epigenetic studies of atherosclerosis.

Our studies have evaluated the trends and current status of atherosclerosis research
in the area of epigenetics through bibliometric and visual analysis, the results of which
also have some limitations. Although we also searched the keywords related to epigenetic
modification repeatedly, we still could not avoid missing relevant articles. In addition,
some new, high-quality publications may not receive attention because of their low
citation frequency. These problems are the limitations of this article. Researchers need to
pay greater attention to the latest published research in related fields, in order to more
accurately predict the most important research trends in this field.

5. Conclusions

Although considerable evidence has accumulated demonstrating how epigenetic
modification plays an important role in atherosclerosis, more specific research still needs
to be explored by scientists. The results of this study summarized the research status of
epigenetic modifications in atherosclerosis, and predicted the future research trends in
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this field. An in-depth study of this field will ensure that we have a more accurate
understanding of atherosclerotic disease and provide clear directions for clinical research.
The bibliometric data show that atherosclerosis is developing rapidly with the study of
DNA methylation, which is currently a hot research area that should be taking its place
alongside the previous emphasis on IncRNA studies in atherosclerosis in the field of
epigenetics.
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