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Abstract

e AIM: To analyze the intellectual structure and recent
research trends in diabetic retinopathy (DR) and unearth
potential knowledge.

e METHODS: English DR publication included in this study
was exported from the Web of Science Core Collection, and
Chinese DR publication was exported from China National
Knowledge Infrastructure from the establishment time of
the database to 2019. CiteSpace and Microsoft Excel were
used to visually analyze DR research, including analysis of
the number of publications, highly cited publication analysis,
spatial distribution analysis, and keyword co-occurrence
analysis.

e RESULTS: A total of 23 795 English studies and 11 577
Chinese studies, including 2089 studies related to
traditional Chinese medicine (TCM), were obtained. The
data suggested the following: 1) The number of English
and Chinese DR publications increased over time, and the
growth rate of English publications was relatively fast. 2)
The distribution of international scholars and institutions
was close, while the distribution was scattered in China.
Shanghai Jiao Tong University has the largest number
of publications. Tien-Yin Wong was the core author with
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the largest number of publications. England and the
United States are the core of international DR research
cooperation. 3) Optical coherence tomography and risk
factors are recent international research hot spots and
trends. The difference is that TCM is a recent research trend
under DR in China.

e CONCLUSION: DR has drawn an increasing amount
of attention worldwide. The focus of research in this field
has shifted from tertiary type DR treatment to secondary
prevention strategies which focus on the screening and
monitoring of disease progression. The advantages of TCM
in the prevention of DR have attracted attention, and it is
worth incorporating this with Western medicine to address
this challenge.
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INTRODUCTION

iabetic retinopathy (DR) is one of the most common
D and challenging ocular complications of diabetes
mellitus and has gradually become the leading cause of
blindness worldwide!. However, the pathogenesis of DR
is complex and has not yet been fully defined, and various
risk factors exist. Furthermore, there are many shortcomings
in the current internationally recommended treatment, such
as the administration of treatment being uncomfortable for
patients, long-term side effects, high costs incurred, and
limited therapeutic effect”, while ethnomedicine has potential.
Screening for DR is insufficient especially in the early stages,
while emerging technology is expected to more accurately
diagnose and predict the occurrence and development of DR
To solve these problems, a large number of DR studies have
been carried out worldwide, making it difficult to effectively
keep up with the flow information under several fields of
knowledge. Bibliometrics is an effective way to summarize
the complex and growing available information set to analyze



Int J Ophthalmol, Vol. 14, No. 8, Aug.18, 2021 www.ijo.cn
Tel: 8629-82245172  8629-82210956  Email: ijopress@163.com

global trends and narrow the knowledge gaps, which is why it
was chosen as the knowledge analysis method” . However,
to date, there has been a lack of qualitative and quantitative
analyses of these published articles to sufficiently provide
cutting-edge information for further cooperation and explore
new ideas for the diagnosis and treatment of DR. Therefore,
this study aims to analyze the structure, recent research
hotspots, trends in this field by means of a scientometric
analysis conducted using Microsoft Excel and CiteSpace,
a Java application that includes bibliometric analysis, data
mining algorithms, and visualization methods developed by
Chen et al”.

MATERIALS AND METHODS

Publication Search Data were collected from the China
National Knowledge Infrastructure (CNKI) and the Web of
Science Core Collection (WoSCC), which included SCI-
Expanded, SSCI, A&HCI, CPCI-S, CPCI-SSH, ESCI, CCR-
Expanded, and IC. The specific retrieval strategies in the
WoSCC database were as follows: the data were retrieved
according to the topic (diabetic retinopathy), time (from the
establishment time to 2019), and language used (English).
To improve the accuracy and validity of the data, articles and
reviews were manually selected as the types of documents
to be included in the study (retrieved on May 11, 2020). This
study conducted two searches on CNKI. First, the specific
retrieval strategies included the publication type (journal
article), topic (diabetic retinopathy), time (from establishment
to 2019), and language (Chinese). Second, publication
related to traditional Chinese medicine (TCM) was retrieved
from the results through a full-text search (retrieved on May
15, 2020).

Eligibility Criteria Original DR research retrieved from
CNKI and WoSCC were included in this study. Repeated
publications, unrelated studies, studies not officially published,
studies collected by hand and telephone, journal introduction,
popular science articles, solicitation notice, and conference
news were excluded.

Study Selection The publication was screened according
to title and abstract, following an inclusion and exclusion
criteria. The screened results were verified by two experienced
ophthalmologists.

Data Analysis Methods In this study, Microsoft Excel 2016
was used to conduct a preliminary bibliometric analysis of the
included data. Microsoft Excel 2016, and CiteSpace 5.6.R5
was used to visually analyze the data in the publication from
2015 to 2019, including keywords, authors, institutions,
countries, efc. The retrieved Chinese publication in CNKI
was exported to CiteSpace 5.6.R5 in “Refworks” format,
and English publication in WoSCC were exported in “plain
text” format. Chinese and English publication was exported.

2500
— English publication
---- Chinese publication
2000 - ——n TCM publication

[
2

T 1500 -
L
I}
a

< 1000 -
3
£
S
-4

500

0
" 1 " 1 " 1 " 1 " 1 " 1 ;
1960 1970 1980 1990 2000 2010 2020
Years

Figure 1 Annual amount of DR publication from the

establishment time of database to 2019.

The parameters of the CiteSpace 5.6.R5 were as follows:
time slicing (2015-2019), years per slice (1), term source (all
selection), node type (choose one at a time), and selection
criteria (choose one at a time).

RESULTS

Study Inclusion A total of 23 795 English studies and 11 577
Chinese studies, including 2089 studies related to TCM, were
obtained following the inclusion and exclusion criteria. A total
of 8955 English publication and 4339 Chinese publication and
775 studies related to TCM were included from 2015 to 2019.
Analysis of the Amount of Publications The change in the
annual number of publications, which can directly display the
change in the research enthusiasm for a certain discipline in
a specific period, is an important indicator for analyzing the
development trend and predicting future trends”. The results
are shown in Figure 1. Little research had been conducted on
DR before 1990, as research under this field was in its infancy.
English publication began slightly earlier than that of Chinese,
indicating that Chinese DR research started later. In the same
way, DR research related to TCM was began later in China.
Researchers began to pay more attention to DR since 1990, as
indicated by the annual increase in the number of studies on
DR. From 1990 to 2014, DR research had steadily increased,
and the growth rate of English research has been relatively fast.
DR research related to TCM has also gradually increased, but
it is relatively insufficient. Since 2014, English DR research
has entered the stage of rapid development, while Chinese
research (especially TCM) has maintained a stable rate.
Highly Cited Publication Analysis The number of citations,
known as cited frequency, is an important basis for reflecting
the value of publication'®. In order to grasp the core publication
on DR and provide a solid foundation for the in-depth study
of DR in the future, this study analyzed the top five highly
cited publication. Table 1 lists the top five cited English DR

1249



A visual analysis of diabetic retinopathy

Table 1 Statistics of highly cited English DR publication (Top 5)

Study Title Cited frequency
DCCT Research Group er al, 1993 The effect of intensive treatment of diabetes on the development and 16969
progression of long-term complications in insulin-dependent diabetes mellitus
UKPDS Group, 1998" Intensive blood-glucose control with sulphonylureas or insulin compared 13828
with conventional treatment and risk of complications in patients with type 2
diabetes (UKPDS 33)
UKPDS Group, 1998 Tight blood pressure control and risk of macrovascular and microvascular 5503
complications in type 2 diabetes: UKPDS 38
Ferrara and Davis-Smyth, 1997"" The biology of vascular endothelial growth factor 3473
Yancopoulos et al, 2000 Vascular-specific growth factors and blood vessel formation 2835
DR: Diabetic retinopathy.
Table 2 Statistics of highly cited Chinese publication on DR (Top 5)
Study Title Cited frequency
Liang et al, 2014"" American Diabetes Mellitus Guidelines: standards of medical care in diabetes-2014 193
Xie and Wang, 1995™7  TCM analysis on the pathogenesis of diabetic retinopathy 180
Chen and Zhu, 2006""  The pathologic mechanism of diabetic retinopathy 172
Yao et al, 2001"" Guidelines for prevention and treatment of diabetic fundus disease 162
Duan ez al, 2011"% TCM diagnosis and treatment standards of diabetic retinopathy 153
DR: Diabetic retinopathy; TCM: Traditional Chinese medicine.
Table 3 Statistics of highly cited DR publication in TCM (Top 5)
Study Title Cited frequency
Xie and Wang, 1995"7  TCM analysis on the pathogenesis of diabetic retinopathy 180
Duan et al, 2011 TCM diagnosis and treatment standards of diabetic retinopathy 153
Duan et al, 2006 Randomized controlled double-blind multicentric clinical trial on non-proliferative 111
diabetic retinopathy treated by Qi-ming granule
Li et al, 2000"” Study on relationship between traditional Chinese medicine syndrome types of diabetes 110
mellitus and stages of diabetic retinopathy
Li and Xia, 2000™” Clinical study on TCM syndrome differentiation of diabetic retinopathy 90

DR: Diabetic retinopathy; TCM: Traditional Chinese medicine.

publication™"'?\. The top four highly cited studies were all
issued in the 1990s; and two of these were released in 1998
and were related to the United Kingdom Prospective Diabetes
Study (UKPDS). In addition, the main types of articles were
randomized controlled clinical trials and reviews. The Diabetes
Control and Complications Trial (DCCT)" and UKPDS" "
are significant prospective clinical trials that have shown the
usefulness of strict control of blood glucose and other risk
factors. Both reviews focused on the vascular endothelial growth
factor (VEGF). However, Ferrara and Davis-Smyth'"" paid close
attention to the specific role of vascular endothelial factors in
angiogenesis, while Yancopoulos et al'” concentrated on the
mechanism and rules. Table 2 lists the top five cited Chinese

BT two of which are studies on DR in

publication on DR!
TCM. One study analyzed the pathogenesis of DR from the
perspective of TCM'"”), and the other aimed to formulate the
TCM diagnosis and treatment standards of DR, A scientific
paper, extracted from the “American Diabetes Mellitus

Guidelines: Standards of Medical Care in Diabetes-2014”,
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was cited the most frequently (193 citations)!'”. As for the
remaining two articles, one is also a review of the pathologic

mechanism of DR™

, and the other reviews the guidelines for
the prevention and treatment of diabetic fundus disease''®. The
types of articles used were standard and review articles. Table 3
lists the top five cited studies on DR in TCM"*"*"**!, These
articles were mainly clinical trials and theoretical discussions.
In terms of content, these mainly discussed the relationship
between TCM syndrome types and the stages of DR.

Spatial Distribution Analysis of Diabetic Retinopathy
Research The spatial distribution and cooperation network
analysis of knowledge can provide a theoretical basis for
authors and national and institutional cooperation decision-
making for future DR research”. CiteSpace was used
to analyze the spatial distribution, including the authors,
institutions, countries/regional distribution, and collaborative
networks. The size of the nodes in the pictures analyzed by
CiteSpace reflects the frequency of occurrence'”’. The nodes
are connected by lines of different colors and thicknesses,
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Figure 2 Map of active authors in the DR field from 2015 to 2019 A: English author’s partnership network; B: Chinese author’s partnership

network; C: TCM author’s partnership network (The font size of each author’s name represents the publication counts of each author. Different

colors inside the circle represent different time intervals. The thickness of the straight connecting line represents the collaborative intensity

between authors).

indicating that the nodes are related'”’. The darker the color
and thicker the line, the closer the relationship is'”. Centrality
describes the importance of the nodes, which is reflected in
the purple circle of the nodes’ outer edge on the cooperation
network map!”’. The higher the centrality, the more nodes are
connected to it.

Analysis of Core Authors and Cooperative Relationship
Network The core authors’ group refers to a cluster of authors
who have numerous publications and extensive influence
in a subject area”. Price’s law, which is used to measure
the distribution of literary authors in a specific subject area,
indicates that M=0.749 (NMax)"”, where NMax refers to the
number of papers by the author who has the most publications,
while scholars with a number of published papers above M
are considered as the core authors in this field”. Figure 2A
shows that there are 482 authors who have published English
document, and there are 1524 lines of cooperation between
authors (density=0.0131), indicating that the cooperation
between authors is close, forming a cooperative network with
Tien-Yin Wong as the core node.

The majority of the author’s partnerships are in warm
colors, thereby indicating that the core authors in DR have
collaborated closely in recent years. CiteSpace shows that
the author with the most English publications is Tien-Yin
Wong (with 116 articles; NMax=116). Price’s law states that
M=8.067, thereby indicating that authors (i.e.,125 scholars)
with over nine English articles are international core authors in
DR. The 125 core authors published 2251 articles, accounting
for 25.14% of the total published DR article, indicating that
a group of high-yield and highly influential core authors and
research teams have not been formed.

However, the distribution of Chinese authors is relatively
scattered, forming multiple sub-networks, indicating that
there are many research groups and insufficient cooperation
intensity (Figure 2B). CiteSpace shows that Hongbin Lv (with
26 articles) is the author with the most Chinese publications.

According to Price’s law, there are 115 Chinese core authors
in DR and published 737 studies, accounting for 17.14% of
the total DR publication, indicating that a group of high-yield
and highly influential core authors and research teams have not
been formed similarly. Figure 2C shows that the cooperation
between team members is close, forming many research
groups, including a series of core teams with Xiaoqin Lei as
the mainstay, Yuhui Qin as the mainstay, and Yunsheng Xu
as the mainstay, but there is very little cooperation between
teams. Xiaoqin Lei (with 16 articles) was the author with the
most TCM publications. According to Price’s law, there are 39
core authors in the field of TCM and published 202 studies,
accounting for 26.06% of the total publication, indicating
that these experts play an important role in promoting the
progress of DR research in TCM. There are no Chinese
experts among the top 10 core authors of English publication
on DR, indicating that Chinese scholars are not very active
and influential in this field worldwide. Moreover, we can see
that seven of the top ten Chinese core authors have conducted
research on DR related to TCM.

Analysis of Institutional Distribution and Cooperation
Network The results are shown in Figure 3 and Table 4.
Figure 3A shows that the distribution of English institutions
is similar. English DR research institutions are mainly
universities, and the types of research institutions are relatively
single, which shows that universities are the main force in the
field of international DR research. By contrast, the distribution
of Chinese institutions is scattered. Chinese DR research
institutions are mainly medical schools and hospitals (Figure
3B). In addition, the cooperation of institutions is also weak in
the field of TCM. The institutions with DR research in TCM
are mainly composed of medical schools, comprehensive
universities, hospitals, and pharmaceutical companies (Figure
3C). According to Table 5, Shanghai Jiao Tong University,
which belongs to China, is the institution with the most
English publication on DR. China and the United States,
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Table 4 Institution of top 10 on the publications of DR from 2015 to 2019

English Chinese
Institution Publications Region Institution Publications Region
(n) (n)

Shanghai Jiao Tong University 155 China Department of Ophthalmology, the Affiliated 20 Hebei Province
Hospital of Chengde

Johns Hopkins University 133 The United States Chengdu University of TCM 16 Sichuan Province

National University of Singapore 131 Singapore Hunan University of Chinese Medicine 16 Hunan Province

The University of Melbourne 129 Australia Xi’an Fourth Hospital 15 Shaanxi Province

The University of Sydney 126 Australia Department of Ophthalmology, Shanghai General 15 Shanghai
Hospital, Shanghai Jiao Tong University School of
Medicine

Sun Yat-sen University 122 China Department of Ophthalmology, First Affiliated 14 Xinjiang
Hospital of Xinjiang Medical University

Harvard Medical School 113 The United States Department of Eye Center, Renmin Hospital of 13 Hubei Province
Wauhan University

Capital Medical University 109 China Department of Ophthalmology, the Affiliated 12 Sichuan Province
Hospital of Southwest Medical University

University of Michigan 102 The United States Department of Ophthalmology, the Second Affiliated 12 Jiangxi Province
Hospital of Nanchang University

Singapore National Eye Centre 101 Singapore Eye Hospital of China Academy of Chinese Medical 12 Beijing

Sciences

DR: Diabetic retinopathy; TCM: Traditional Chinese medicine; Xinjiang: The Xinjiang Uygur Autonomous Region.

followed by Singapore and Australia, have the largest number
of institutions, which belong to the top ten institutions on DR
publications. Among the top 10 Chinese institutions, three
belong to TCM. Among the top ten institutions, there are more
institutions in Sichuan Province.

Analysis of Countries Distribution and Cooperation
Network Figure 4 shows that the distribution of the countries
is close. The country with the highest centrality is England
(0.27), followed by the United States (0.21), and Australia
(0.14). The country with the largest published volume is
the United States (2278), followed by China (1748), India
(720), and England (609). Evidently, England and the United
States have an advantage in terms of importance and volume.
England and the United States are the core of international
DR research cooperation, maintaining close ties with other
countries. China has a large published volume, but its centrality
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Figure 4 Map of active countries/regions in the DR field from
2015 to 2019 The font size of each country’s name represents the
number of publication in the country. Different colors inside the
circle represent different time intervals. The thickness of the straight
connecting line represents the collaborative intensity between

countries.
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Figure S The top 5 high-frequency keywords in the DR field from 2015 to 2019 A: The total frequency and centrality of English and Chinese

keywords; B: Annual frequency of English and Chinese keywords.

Table 5 Top 10 English and Chinese keywords with the strongest citation bursts in the DR field from 2015 to 2019 (sorted by the ending

year of burst)

English Chinese

Keywords Strength Begin End Keywords Strength Begin End
Spectral domain 4.7006 2017 2019  Optical coherence 3.0089 2017 2019
Release 4.4239 2017 2019  Tomography 3.0089 2017 2019
Intravitreal implant 4.1474 2017 2019  Diabetic retinopathy 2.735 2017 2019
Gene therapy 4.1474 2017 2019 TCM 2.735 2017 2019
Variability 3.8708 2017 2019  Blood lipids 2.6581 2017 2019
Blue mountains eye 3.8708 2017 2019  Xiaoke 1.9137 2017 2019
Methodology 3.8708 2017 2019  Vitreous cavity 1.9137 2017 2019
Disruption 3.5942 2017 2019  DR/surgery 1.8337 2015 2017
Nerve head 3.5942 2017 2019  Clinical research 1.8337 2015 2017
Vascular leakage 3.5783 2017 2019  Proliferative diabetic retinopathy 2.7651 2016 2017

is 0, indicating that China has made a significant contribution,
but China has little cooperation with other countries.

Recent Hotspots and Trends Analysis of DR Research
High-frequency keywords analysis The analysis of research
hotspots plays an important role in promoting the progress
of research and discovering hidden knowledge, which means
that the problems are discussed and solved in a large number
of related documents in a time. Co-keyword analysis, the
most important content of bibliometric analysis for the co-
occurrence relationship between the two words, can extract
research hotspots in the field to summarize the development of
trends and predict the future direction of development. The
more this occurs simultaneously, the stronger the relationship.
To analyze recent research hotspots and trends in the field of
DR, CiteSpace was used to obtain keyword co-occurrence
networks. Among all the keywords, high-frequency keywords
better represent the frontiers of research on DR. Figure 5A
shows that the most frequent and central keyword in English

and Chinese publication is “diabetic retinopathy,” which means

a series of studies are carried out around this keyword. In
addition, the annual frequency of DR is increasing, which also
indicates that DR has drawn an increasing amount of attention
(Figure 5B). In general, the frequency of English keywords
was higher than that of Chinese. Aside from the keyword
“diabetic retinopathy,” the keywords with high frequency and
increasing trend are “prevalence” and “risk factor” in English
publication, while “type 2 diabetes” and “vascular endothelial
growth factors” in Chinese publication, respectively reflecting
the recent research hotspots and trends.

Burst keywords analysis Burst keywords that emerge within
a certain period of time are considered indicators of emerging

B Therefore, this study analyzed keywords showing

trends
remarkable bursts from 2015 to 2019 to reveal emerging
trends and provide directions for future research. The strength
of the burst keywords represents the sudden growth rate of
the keyword. As seen in Table 5, the strongest English and
Chinese burst keywords that lasted until 2019 were both

related to optical coherence tomography (OCT), indicating that
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Table 6 English and Chinese keywords clustering of DR research from 2015 to 2019

English

Chinese

Cluster ID  Size Silhouette Mean (y) Topic

Cluster ID  Size

Silhouette Mean (y) Topic

0 290 0.74 2015 Oxidative stress

1 168 0.787 2015 Type 2 diabetes

2 154 0831 2015 Ranibizumab

3 135 0.764 2015 Optical coherence tomography
4 88 0.8 2015 Blindness

5 68 0919 2016 Exudates

0 74 0.648 2015 Diabetes mellitus

1 73 0.616 2016 Calcium dobesilate

2 69 0.623 2016 Vitrectomy

3 42 0.749 2016 Vascular endothelial growth factor
4 42 0.764 2016 Nursing intervention

5 40 0.686 2015 Macular edema

6 35 0.839 2016 Optical coherence

7 27 0.85 2016 Fundus fluorescein angiography

the screening of DR is the latest trend worldwide. There are
high-strength burst keywords, including “release,” “variability,”

EEINT3

“disruption,” “nerve head,” and “vascular leakage,” among
others, indicating that research on the mechanism of DR is still an
international hotspot and is one of the latest trends. The keywords
in English publication “intravitreal implant” and “gene therapy”
belong to international treatment, and “blue mountains eye”
and “methodology” refer to the research method.

As for Chinese DR research, diagnosis, risk factors, treatment,
and method are the recent research hotspots and trends,

separately reflected by the keywords “optical coherence,”

EEINT3 EEINT3

“tomography,” “blood lipids,” “vitreous cavity,” “surgery,”
“clinical research.” In addition, TCM has played an
increasingly important role and has attracted more and more
attention, as reflected by the keywords “TCM” and “xiaoke”.
Keyword clusters analysis A cluster is a group of closely
coupled documents representing different directions of
research”’. Figure 6A-6C) shows the main clusters labeled by
the representative keywords. To better understand the meaning
and scope of each cluster, it is meaningful to consider other
factors in the cluster shown in Table 6, including cluster ID,
silhouette, size, and year (mean). Furthermore, cluster size
is the number of terms included in each cluster. Figure 6D-
6F shows the timeline views which reflect the evolution of
keywords in different clusters over time.

In Figure 6A, 6D and Table 6, the major topics of DR research
are related to the mechanism according to the size and number
of nodes. The representative terms are “oxidative stress” with
the largest size but the lowest silhouette, and “exudates”.
As suggested by the timeline view (Figure 6D), the cluster
“#0 oxidative stress” is related to the mechanism behind
the evolution from gene expression to protein expression to
toxicity. The silhouette score of cluster #1 is 0.787, showing
it is highly credible, and the representative terms is “type 2
diabetes”, considered to the research on risk factors of DR.

The representative term “ranibizumab” with a highly credible
cluster is connected with the treatment of DR. Cluster #3 with
the representative term “optical coherence tomography”, has
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something to do with the diagnosis and management. The
representative term “blindness” indicates that it is related to
the consequences, management, and efficacy indicators of DR.
It shows that international research in this field is relatively
comprehensive.

As can be seen in Table 6, the silhouettes in Chinese clusters
ranged from 0.616 to 0.85, indicating that all clustering results
are reasonable. The representative terms are “diabetes mellitus”
with the largest size, indicating the research related to the risk
factors of DR as the same topic as international. As suggested
by the timeline view (Figure 6E), the cluster “#0 diabetes
mellitus” evolved from hyperglycemia to hyperlipidemia to
vitamin D deficiency. Figure 6B shows that calcium dobesilate,
vitrectomy, and nursing intervention are Chinese DR research
hotspots related to treatment in recent years.

Clearly, optical coherence and fundus fluorescein angiography
are also Chinese research hotspots in the diagnosis and
management of DR. Vascular endothelial growth factor is also
a hotspot in Chinese research on the mechanism of DR. As can
be seen in Figure 6C, the cluster “#0 Vitrectomy”, the cluster
“#1 calcium dobesilate” and the cluster “#4 TCM treatment”
indicate that the major topics of DR researches in TCM are
related to the treatment. It also shows that the combination of
TCM and Western medicine (WM) is a research trend of DR
in China, indicating that TCM is inclusive and can be further
developed.

As suggested by the timeline view (Figure 6F), TCM treatment
methods, including acupuncture and Mingmu Dihuang pills
and Zhixue Sanyu Mingmu decoction, are the latest hotspots
and research trends in the field of TCM for DR. The cluster
“#2 diabetes mellitus” indicates that TCM also focuses on
risk factors for DR, which are consistent with international.
The classification and diagnosis of DR in WM has a certain
connection with the understanding of TCM, as shown in cluster
#5, which is also a research hotspot of TCM. It can better
integrate TCM and WM. The cluster “#6 rats” shows that a
large number of studies have been conducted to comprehend
TCM from a micro-perspective.
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Figure 6 Map of keywords clustering of DR research from 2015 to 2019 A: The cluster views of English co-keywords analysis; B: The

cluster views of Chinese co-keywords analysis; C: The cluster views

of TCM co-keywords analysis (The convex hulls of different colors

represent different clusters; the brighter the convex hull is, the more recently it appears. The number of nodes each convex hull covers is

proportional to the number of keywords of each cluster. The thickness of line each convex hull covers is proportional to the co-occurrence

frequency of keyword of each cluster.); D: The timeline view of English co-keywords analysis; E: The timeline view of Chinese co-keywords; F:

The timeline view of TCM co-keywords (Time is set as the horizontal axis, and the cluster is set as the vertical axis. This view clearly presents

the differences in the appearance time point and time span of each cluster.).

DISCUSSION

In this study, scientometric analysis was conducted to
summarize the intellectual structure and recent research
hotspots and trends of DR. Overall, there are three stages
according to the annual number of documents: the period of
preliminary development before 1990, the period of steady
development from 1990 to 2014, and the period of rapid
development from 2014 to the present. As the annual number

of English and Chinese DR documents has been increasing,
it can be concluded that DR has become a subject of growing
study and an increasingly important area of research in the
world. DR research related to TCM has increased, but it
is relatively insufficient. With the co-occurrence analysis
of authors, institutions, and countries, it can be concluded
that international cooperation is relatively close, while
cooperation is relatively weak in China. There has not
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yet been a group of high-yield and highly influential core
authors and research teams worldwide. China possesses the
institution with the largest volume of English DR publications,
Shanghai Jiao Tong University, while there is a shortage of
high-yielding Chinese scholars in the international arena,
implying the decentralization of power and the deficiency
of core competitiveness. A large number of core authors and
institutions have recently carried out DR research related to
TCM in China, showing that DR experts have paid attention
to and affirmed the effect of TCM. However, it is obvious that
national support for TCM and cooperation is relatively lacking
and must be further strengthened in China.

To clarify the basic knowledge and research trends of DR,
highly cited documents were analyzed. The main types of
highly cited articles were clinical trials and reviews. DCCT
and UKPDS, which are randomized clinical trials that can
be considered as the “milestones” in diabetes mellitus fields,
showed that intensive control of blood glucose and other
risk factors has beneficial effects on retinal microvessels™".
At present, the clinical trial goal of Roshandel e al**' has
shifted from research on the efficacy of intensive treatment to
epigenetic research on diabetic retinopathy in type 1 diabetes.
The UKPDS group focuses on studying risk prediction and its
model construction of DR, VEGF plays a key role in the
DR mechanism"'"?. Tt is now recognized that DR is mainly
caused by hyperglycemia- and glucolipotoxicity-induced
oxidative stress, epigenetic changes, neurodegeneration, and
inflammation, which mediate the expression and pathological
effects of VEGF to promote angiogenesis”””. Moreover, anti-
VEGEF therapies are currently one of the main treatment
methods for DR. Recent studies related to VEGF in the
field mainly focused on the effect of anti-VEGF therapy on
improving visual acuity. Anti-VEGF therapy has remarkable
clinical benefits, but fails to achieve clinically significant
visual improvement for most DR patients, especially its limited
efficacy in early damage to neurovascular units".

The difference in the basic knowledge of DR in China is
to understand DR from the perspective of TCM. TCM, a
characteristic medicine in China, has had definite effects on
the prevention and treatment of DR, TCM believes that
prevention is more important than treatment, and this thinking
has guided health maintenance and disease treatment for
thousands of years with its own unique system of theories,
diagnostics, and therapies™. Undoubtedly, TCM has unique
advantages in the prevention and early damage intervention
of DR. DR belongs to the category of “Shi-zhan-hun-miao”,
“Yun-wu-yi-jing”, and “Bao-mang” in TCM, considering
that the basic pathogenesis of DR evolves from deficiency
of Qi and Yin to deficiency of liver and kidney, and then to
deficiency of Yin and Yang"*. TCM believes that the early
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stage of DR is mainly due to the lack of Qi and Yin, the
material basis of the human body, and Qi cannot push Yin
up to nourish the eyes!"”’. Blood stasis, a pathogenic factor, is
often involved in the disease process'*. Promisingly, TCM has
been demonstrated to be effective in treating the early stage of
DR by tonifying Qi and nourishing Yin, as well as activating
blood and removing blood stasis™”".

Obviously, the way of thinking about DR is different between
TCM and WM. Because of the origins and driving forces of
development, practicing WM requires an understanding of the
body for fixed somatic structures, while TCM maintained the
practice of tracing symptoms and study patterns of underlying
disharmony by assessing the human body as a whole"".
Although the approaches of TCM and WM differ significantly,
their clinical efficacy goals and targets are the same, indicating
that there is a certain correlation between them.

Through the analysis of the English publication of core authors
and teams, we can further understand the recent progress and
trends of international DR research. Recent research tends to
predict and screen the occurrence and development of DR,
including risk prediction indicators and machine learning
technology. Specifically, serum measures including genomic,
proteomic, and metabolomic biomarkers, ocular biomarkers
including vitreous and retinal vascular structural changes,
and other risk factors are being studied as risk prediction

. . 31-33
indicators®™

| Ting et al** were committed to a deep learning
system for automatically detecting referable DR and screening
vision-threatening DR.

In terms of intelligent auxiliary diagnosis and risk prediction,
the most different point in China is the TCM indicator.
However, this approach has its limitations. For example, there
is no unified standard for TCM data®, and this is difficult
to obtain, is regarded as an isolated island, and there is little
data on the connection between retinal images and TCM.
According to keyword co-occurrence analysis, DR research is
very comprehensive worldwide, but each has its own focus.
With respect to the mechanism of DR, international research
was mainly devoted to further investigation of the underlying
molecular mechanisms, especially for neurodegeneration in the
early stage, while it was still focused on VEGF in China.
Regarding the diagnosis of DR, the development and
verification of new equipment and processing technologies
with stronger imaging capabilities and image processing
capabilities are recent hotspots and trends in international
research, including studies on three-dimensional diagnostic
scan with a novel deep learning architecture””, fractal analysis
of fundus photographs””, and a trained Bayesian model based
on these textures for DR screening"®. However, Chinese
research mainly focuses on the clinical use of equipment
and image analysis. This may be mainly caused by the lack
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of interdisciplinary talent, scientific research platforms, and
supporting funds.

With regard to the prevention of DR, international research
has shown solicitude for innovative strategies and new
technologies, which have been shown to increase diabetic
eye screening rates. In China, screening for DR is lacking
because of the economic burden and inadequate education for
complications. The main difference in Chinese research on the
prevention of DR is that it focused on the efficacy of Chinese
patent medicines, such as Qi-ming granules"*, and nursing
intervention.

Concerning the therapeutic method of DR, the international
ophthalmology community has focused their efforts on
improving the delivery of laser photocoagulation treatment and
ocular surgery, but also increasingly committed to research on
anti-VEGF therapies”” and gene therapy'”. Chinese research
is mainly devoted to combination therapy, including combined
surgical treatment, anti-VEGF assisted surgery, anti-VEGF
combined with laser photocoagulation, and TCM combined
with laser photocoagulation.

Whether it is the analysis of highly cited publication, core
authors and institutions, or keyword co-occurrence analysis,
these all show that TCM plays an important role in Chinese
DR research. A large number of studies have shown that
TCM treatments, including Chinese medicine extract',

7 acupuncture™, decoction'’

Chinese patent medicine , etc.,
are clinically effective in improving ocular fundus lesions,
inducing the regression of neovascularization, and improving
patients’ vision, which deserves further study.

Broadly speaking, the focal point of DR research has shifted
from treatment measures, which include surgery and drugs,
to screening and monitoring for the process. TCM has
played an important role in the treatment and prevention of
DR. It has been proven that the complementary advantages
of combined TCM and WM can significantly improve
the efficacy of treatment and enable precise prevention of

441 The advantages and research trends of TCM and

diseases
WM are new meaningful entry points for the combination to
face the challenge; for instance, acupuncture can be applied
alongside gene therapy, TCM syndromes can be associated
with retinal image changes, etc. In particular, TCM has unique
advantages for disease prevention*”. In other words, the
effective prevention measures of DR in TCM can be used as
a key to decrypt the molecular mechanisms underlying retinal
neurodegeneration in the early stages of DR.

This study had several strengths. To the best of our knowledge,
this is the first attempt to conduct a bibliometric study which
compares current DR research in China and abroad. The
research structure included core teams, institutions, and
countries, which can provide information to research scholars

and aid them in targeting relevant figures. On top of this,
recent hot topics and their trends may be obtained, specifically
through burst detection, which can provide dynamic
information for the development of this field. Furthermore, the
findings of this study provide valuable information for further
research and TCM development policies in this field, as well
as new entry points for the integration of TCM and WM.

However, this study also has some limitations. First, the data

analyzed in our study only included those from WoSCC

and CNKI, and the publication types were limited. Thus,
the identified publication may not fully represent all the

DR research. However, CNKI and WoSCC collect the most

important publication under the sciences, social sciences,

and humanities, both locally and abroad. Moreover, it is very
difficult for current software to analyze data from multiple
databases simultaneously. Second, the included studies were
restricted to those published in English and Chinese, resulting
in some linguistic bias. Nonetheless, English remains the most
widely used language for international academic articles, and

Chinese is the most representative language in China. Next,

bias, including homonyms of the authors, may also exist

because all information was extracted by scientometric tools.

These problems may be addressed in future studies.
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