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Abstract

Background In recent years, artificial intelligence (AI) has developed rapidly in
the medical field, and its application in diabetic retinopathy (DR) continues
to expand. Objective To summarize the application of ATl in DR through bib-
liometric analysis, elucidate the current status, hotspots, and emerging trends
of Al-related research in the DR field, and provide ideas for future research.
Methods Using the Web of Science database as the source, relevant literature
on AT applied to DR from inception to 2022-11-04 was retrieved, and CiteSpace
software was used to conduct visual analysis of publication volume, countries,
institutions, authors, co-citations, and keywords. Results A total of 1,770 ar-
ticles were obtained, with the overall publication volume showing an upward
trend, peaking at 402 articles in 2021. China ranked first in publication volume
(440 articles), and the United Kingdom had the highest betweenness centrality
(0.26). The institutional collaboration network map included 436 institutions,
represented by Sun Yat-sen University and Capital Medical University. The
author collaboration network map included 601 authors, represented by JIA' Y
and THOMAS H. Three highly cited authors, GULSHAN V, ABRAMOFF M,
and TING D, have made important contributions to this field. OPHTHAL-
MOLOGY, INVESTIGATIVE OPHTHALMOLOGY & VISUAL SCIENCE,
and IEEE TRANSACTIONS ON MEDICAL IMAGING are the three most in-
fluential journals in the field of Al in DR. Hotspots in Al applied to DR research
mainly focus on lesion segmentation and DR diagnosis. Prediction of therapeu-
tic efficacy for diabetic macular edema (a complication of DR), DR disease
course management, and improving Al algorithm performance may be future
research trends. Conclusion Researchers can refer to the research hotspots and
trends shown by the visual analysis, focusing on issues related to Al in DR di-
agnosis, disease course management, and improving Al algorithm performance.
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Abstract

Background: In recent years, artificial intelligence (AI) has demonstrated
rapid development in the medical field, with its application in diabetic retinopa-
thy (DR) continually expanding.

Objective: To summarize the application of Al in DR through bibliometric
analysis and elucidate the current status, hotspots, and emerging trends in Al-
related DR research, thereby providing direction for future studies.

Methods: Using the Web of Science database as the source, we searched for
literature on Al applications in DR, from database inception to November 4,
2022. CiteSpace software was employed to visualize and analyze publication
volume, countries, institutions, authors, co-citations, and keywords.

Results: A total of 1,770 papers were obtained, showing an overall increasing
trend in publications, with a peak of 402 papers in 2021. China ranked first
in publication volume (440 papers), while the United Kingdom exhibited the
highest betweenness centrality (0.26). The institutional collaboration network
included 436 institutions, represented by Sun Yat-sen University and Capital
Medical University. The author collaboration network comprised 601 authors,
represented by JIA'Y and THOMAS H. Three highly cited authors—GULSHAN
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V, ABRAMOFF M, and TING D—have made significant contributions to the
field. Ophthalmology, Investigative Ophthalmology € Visual Science, and IEEE
Transactions on Medical Imaging are the three most influential journals in AT ap-
plications for DR. Research hotspots primarily focus on lesion segmentation and
DR diagnosis. Future trends may include efficacy prediction for diabetic macu-
lar edema (a DR complication), DR disease management, and improvement of
AT algorithm performance.

Conclusion: Researchers can refer to the hotspots and trends identified
through this visual analysis, focusing on Al in DR diagnosis, disease manage-
ment, and algorithm performance improvement.

Keywords: Diabetic retinopathy; Artificial intelligence; CiteSpace; Bibliomet-
rics; Visualization

Introduction

Diabetic retinopathy (DR) is the most common microvascular complication of
diabetes and a leading cause of vision impairment and blindness among indi-
viduals over 40 years old [?]. The global diabetic population is projected to
reach 643 million by 2045 [?], with DR incidence increasing accordingly. Re-
search indicates that 98% of DR-related blindness can be prevented through
early screening, diagnosis, and timely treatment [?]. However, this goal remains
difficult to achieve due to uneven distribution of medical resources and a limited
number of ophthalmologists [?]. In recent years, with advances in computer sci-
ence, artificial intelligence (AI) has shown rapid development in medicine, with
expanding applications in ophthalmology [?, ?]. Given DR’ s high prevalence,
severe consequences, and the fact that it can be diagnosed through color fundus
photography, DR has become the earliest and most extensively studied oph-
thalmic disease in AT research [?], though unified understanding and research
standards are still lacking.

CiteSpace is an information visualization software developed by Professor Chen
Chaomei and his team based on Java [?]. By conducting bibliometric analysis
and mapping knowledge domains for literature in specific fields, it enables un-
derstanding of disciplinary development processes, current research status, and
prediction of future hotspots and trends [?]. This study employs CiteSpace
6.1.R2 to conduct visual analysis of research literature on Al applications in
DR, aiming to provide scholars with clearer research direction references and
insights for future in-depth studies.
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Methods

1.1 Data Sources and Search Strategy

We searched the Web of Science (WOS) Core Collection database from inception
to November 4, 2022. The search strategy was: (TS=( “diabetic retinopathy” ))
AND (TS=( “artificial intelligen” OR ” machine intelligen” OR “machine learn”
OR 7 deep learn” OR “transfer learn” OR ” neural learn” OR. “supervised learn” OR
” neural network” OR “deep network” OR ” neural nets model’ OR” convolution”
OR’” automat” OR “unsupervised clustering” OR “big data” OR “natural language
process” OR ” robot” OR “thinking computer system” OR “expert * system”
OR > evolutionary computation” OR” hybrid intelligent system” OR “machine
vision” OR “fuzzy logic” OR “random forest” OR “support vector machine” OR
“decision-making tree” OR “bayes * network” OR “blockchain” OR “genetic
algorithm” OR  “K-nearest neighbors” )). The search date was November 4,
2022. Document type was filtered as “Article,” followed by manual screening
to remove reviews, invited papers, duplicates, and articles without authors. A
total of 1,770 valid articles were obtained for this study.

1.2.1 Visualization Analysis Method

Using CiteSpace 6.1.R2 software, we analyzed the retrieved English literature
on Al applications in DR to examine publication volume, countries, institutions,
authors, co-citations, and keywords. We generated quantitative analyses and
knowledge maps to reveal the research framework and developmental trajectory,
explore current research status, identify hotspots and frontiers, and analyze
future directions.

1.2.2 Parameter Settings

Data were imported with a time span from January 2011 to November 2022.
Time slice was set to 1 year, “Top N” to 50, and pruning methods included
Pathfinder, pruning sliced networks, and pruning the merged network. Node
types were sequentially selected as Country, Institution, Author, Cited Author,
Cited Journal, Reference, and Keyword, with “Go” clicked to generate visual-
ization maps.

1.2.3 Data Analysis and Judgment Criteria

In knowledge maps, node size represents frequency of occurrence, and line thick-
ness indicates collaboration relationships and strength [?]. Betweenness central-
ity evaluates node importance; nodes with centrality $ $0.1 are marked purple,
indicating popular and important research in the field [?]. Co-citation theory,
proposed by Small and Marshakora in 1973 [?], identifies research hotspots, fron-
tiers, and future trends, representing a mainstream paradigm in visual analysis.
In clustering maps, Q>0.3 indicates significant clustering structure, S>0.5 sug-
gests reasonable clustering, and S>0.7 implies convincing clustering effects [?].
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Burstness detection identifies emergent keywords; red segments in burst maps
represent years of keyword emergence.

Results
2.1 Publication Volume Analysis

Changes in publication volume partially reflect field attention, dynamic trends,
and future development, indicating research level and maturity [?]. Analysis of
English literature on Al in DR revealed an upward trend. 2011-2017 represented
the initial stage with small increases, all below 100 papers. In 2018, publications
first exceeded 100 (147 papers), subsequently increasing continuously to a peak
of 402 papers in 2021. As of November 4, 2022, 312 papers were published
(Figure 1 [Figure 1: see original paper]).

2.2 Country Analysis

CiteSpace analysis generated a country collaboration network map for Al in
DR research (Figure 2 [Figure 2: see original paper]), with 89 nodes, 575 links,
and density of 0.1468. China ranked first with 440 papers (24.9% of total),
followed by the United States (404) and India (336). The UK showed the
highest betweenness centrality (0.26), leading the field. Additionally, the US
(0.18), India (0.17), China (0.13), Saudi Arabia (0.12), and Canada (0.11) also
exhibited high centrality, with prominent purple rings around their nodes.

2.3 Institution Analysis

The institutional collaboration network map for AI in DR research (Figure 3
[Figure 3: see original paper]) included 436 nodes, 1,073 links, and density of
0.0113. Globally, 436 institutions conduct research in this field, with Sun Yat-
sen University (47 papers), National University of Singapore (38), and Singapore
National Eye Centre (34) ranking top three. Betweenness centrality was gen-
erally low across institutions, with Capital Medical University (0.10), Stanford
University (0.09), and National University of Singapore (0.08) ranking highest.
Among the top 15 institutions by publication volume, China had five: Sun Yat-
sen University, Capital Medical University, Shanghai Jiao Tong University (28,
0.02), Chinese Academy of Sciences (25, 0.05), and Chinese University of Hong
Kong (23, 0.03).

2.4 Author Analysis

CiteSpace generated an author collaboration network map (Figure 4 [Figure 4:
see original paper]) with 601 nodes, 2,050 links, and density of 0.0114. JIA
YALI and THOMAS HWANG tied for first with 21 papers each, followed by
JIE WANG (20), ABRAMOFF MD (19), Hwang TS (18), WONG TY (18),
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ACHARYA UR (17), AUGUSTINUS LAUDE (16), TING DSW (16), LIN HAO-
TIAN (15), and SIVAPRASAD SOBHA (15). Authors with $ $15 publications
contributed 196 papers (11.1% of total). Figure 4 shows relatively weak and
dispersed collaboration among researchers.

2.5.1 Author Co-Citation Analysis

Author co-citation analysis identified the top 10 cited authors (Table 1 ). GUL-
SHAN V from Radboud University (412 citations), ABRAMOFF M from Uni-
versity of Towa (363), and Ting D from National University of Singapore (285)
ranked top three. Notably, ABRAMOFF M and Ting D appear in both high
publication volume and high citation rankings, indicating significant contribu-
tions. ABRAMOFF M’s co-citation centrality reached 0.17, substantially higher
than others, demonstrating emphasis on literature quality and substantial influ-
ence.

Table 1 The top 10 cited authors for studies regarding artificial intelligence in
diabetic retinopathy

Cited Author Citation Frequency Betweenness Centrality
GULSHAN V 412 -

ABRAMOFF M 363 0.17

TING D 285 -

NIEMEIJER M - -

QUELLEC G - -

GARGEYA R - -

SZEGEDY C - -

DECENCIERE E - -
KRIZHEVSKY A - -

2.5.2 Journal Co-Citation Analysis

Journal co-citation analysis identified the top 10 cited journals (Table 2 ), with
eight ranked Q1 in Journal Citation Reports (JCR) and high impact factors
(IF), indicating high-quality literature. Ophthalmology ranked first (IF: 14.277),
followed by Investigative Ophthalmology € Visual Science (IF: 4.925) and IEEFE
Transactions on Medical Imaging (IF: 11.037). The first two are the most in-
fluential ophthalmology journals, while the third covers computer science and
interdisciplinary applications.

Table 2 The top 10 cited journals for studies regarding artificial intelligence in
diabetic retinopathy
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Cited JCR Citation Betweenness
Journal Quartile IF Frequency Centrality

OPHTHALMOROGY 14277 - -
INVEST Q1 1925 - -
OPHTH

VIS SCI

IEEE T Q1 11.037 - -
MED

IMAGING

BRIT J Q1 5907 - -
OPHTHAL-

MOL

JAMA-J Q1 157.375 - -
AM MED

ASSOC

MED Q1 13.828 - -
IMAGE

ANAL

DIABETES Q1 17.155 - -
CARE

PLOS ONE Q2 3.752 - -
AM JOPH- QI 5488 - -
THALMOL

LECT - - - -
NOTES

COMPUT

SC

2.5.3 Literature Co-Citation Analysis

Literature co-citation analysis identified the top 10 most-cited articles (Table 3
). The most-cited article introduced a deep learning algorithm for automated de-
tection of DR and diabetic macular edema (DME) in retinal fundus photographs
[?]. The second most-cited explored a deep learning system’ s performance in
evaluating retinal images from multiethnic diabetic populations [?]. The third
developed and evaluated a data-driven diagnostic tool for automated DR de-
tection through fundus image processing [?]. These findings indicate extensive
discussion of Al in DR screening and diagnosis, primarily focusing on fundus
image analysis.

Table 3 The top 10 most-cited articles for studies regarding artificial intelligence
in diabetic retinopathy
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Title

Authors

Development and Validation of a
Deep Learning Algorithm for
Detection of Diabetic
Retinopathy in Retinal Fundus
Photographs

Development and Validation of a
Deep Learning System for
Diabetic Retinopathy and
Related Eye Diseases Using
Retinal Images From Multiethnic
Populations With Diabetes
Automated Identification of
Diabetic Retinopathy Using
Deep Learning

Improved Automated Detection
of Diabetic Retinopathy on a
Publicly Available Dataset
Through Integration of Deep
Learning

Pivotal trial of an autonomous
Al-based diagnostic system for
detection of diabetic retinopathy
in primary care offices

Deep learning

Identifying Medical Diagnoses
and Treatable Diseases by
Image-Based Deep Learning
Prediction of cardiovascular risk
factors from retinal fundus
photographs via deep learning
Clinically applicable deep
learning for diagnosis and
referral in retinal disease
Variability and the Importance
of Reference Standards for
Evaluating Machine Learning
Models for Diabetic Retinopathy

Gulshan V et al.

Ting D et al.

Gargeya R, Leng T

Abramoff M et al.

Abramoff M et al.

Lecun Y et al.
Kermany et al.

Poplin R et al.

Grader et al.

Krause J et al.

2.6.1 Keyword Co-Occurrence Analysis

Keywords summarize paper themes, and co-occurrence analysis creates networks
from keyword nodes and links [?]. Similar keywords were merged (e.g., “auto-

mated detection” & “automatic detection,” “risk factor” & “risk,
& “fundus image” & “retinal fundus image” ).

” «

retinal image”
Based on publication growth
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trends, keyword evolution was analyzed in two phases: 2011-2017 and 2018-
2022.

2.6.1.1 2011-2017: The keyword co-occurrence map (Figure 5 [Figure 5: see
original paper]) contained 275 nodes, 449 links, and density of 0.0119. “Retinal
image” appeared most frequently (148 times) beyond search terms. Top central-
ity keywords were macular edema (0.30), disease (0.21), and blood vessel (0.18).
Research focused on Al-based DR screening, diagnosis, and classification, with
automated detection, segmentation, diagnosis, optical coherence tomography,
classification, system, and identification as mediating keywords.

2.6.1.2 2018-2022: The keyword co-occurrence map (Figure 6 [Figure 6: see
original paper|) contained 414 nodes, 591 links, and density of 0.0069. Key-
word quantity increased with higher frequency but weaker co-linearity. Deep
learning (268 occurrences), validation, convolutional neural network, artificial
intelligence, algorithm, prevalence, and risk factor showed dramatic frequency
increases, particularly deep learning, indicating dominant DL research during
this period. Compared to Figure 5, researchers intensified studies on Al algo-
rithm performance and began exploring AT" s role in DR risk prediction.

2.6.2 Keyword Clustering Analysis

Based on keyword co-occurrence, clustering analysis yielded a map with
Q=0.7952 and S=0.9114 (Figure 7 [Figure 7: see original paper]). Smaller clus-
ter numbers indicate larger scale and more keywords [?]. Twenty-six clusters
were identified; the top 10 were deep learning, optical coherence tomography
angiography, support vector machine, retinal fundus images, diabetes mellitus,
image analysis, disease, management, diabetic macular edema, and image
segmentation. Analysis reveals research hotspots concentrated on DR lesion
segmentation and Al-based fundus image diagnosis.

2.6.3 Keyword Burst Analysis

Keyword burst analysis detects high-frequency, rapidly growing keywords to
identify attention-grabbing research and trends [?]. “Begin”indicates burst start
time, “end” indicates finish, and “strength” represents burst intensity. The burst
map (Figure 8 [Figure 8: see original paper|) detected 20 burst keywords, all first
appearing in 2011, sorted by burst start time. Currently influential bursts in-
clude automated detection (strength 12), segmentation (11.84), and extraction
(9.86). Long-duration bursts include red lesion (2011-2018), automated detec-
tion (2011-2017), segmentation (2011-2017), retinopathy (2011-2017), mathe-
matical morphology (2012-2018), and lesion (2012-2018). Automated detection
showed the highest burst strength and long duration, confirming its status as a
recent research hotspot.
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Discussion

3.1 Analysis of Publications, Countries, Institutions, Authors, and
Cited Journals

Results show rising publication volume in AI applications for DR, with trends
predicting continued growth. Country collaboration analysis indicates China
leads in publication volume, while the UK, despite ranking fourth, shows high-
est betweenness centrality and substantial international influence. The US and
India rank high in both volume and centrality, representing important research
hubs. Institutional collaboration networks reveal generally low betweenness cen-
trality, requiring enhanced influence and closer inter-institutional cooperation
—limitations that restrict field development. Among the top 15 institutions by
publication volume, China has five, demonstrating extensive research activity
and numerous authoritative institutions. Author collaboration networks show
low overall density, indicating weak exchange and cooperation. This suggests
future efforts should strengthen collaboration across regions and institutions
while deepening research. Author co-citation analysis shows GULSHAN V|,
ABRAMOFF M, and Ting D made significant contributions with high academic
status. Journal co-citation analysis identifies Ophthalmology, Investigative Oph-
thalmology & Visual Science, and IEEE Transactions on Medical Imaging as
highly cited and influential, likely to publish more AI-DR research in the fu-
ture.

3.2 Research Hotspots in AI Applications for DR

Based on co-citation, keyword co-occurrence, and clustering results, Al research
in DR primarily centers on lesion segmentation and diagnosis.

3.2.1 Lesion Segmentation Lesion segmentation is the core step in Al dis-
ease diagnosis. Separating key lesions from images and extracting features forms
the basis for subsequent diagnosis, treatment, and efficacy evaluation [?]. DR
pathological features include microaneurysms, exudates, vascular abnormalities,
and hemorrhages [?].

Microaneurysms (MAs) are among the earliest visual signs of DR, attracting
extensive research interest [?]. However, low contrast and sparse pixel distri-
bution in fundus images make detection challenging. Xia et al. [?] proposed
a multi-scale segmentation-classification model improving MAs detection ac-
curacy in complex cases. Liao et al. [?] designed a novel deep convolutional
encoder-decoder network for precise MAs localization and efficient detection,
reducing test time while maintaining performance. Zhang et al. [?] introduced
a feature-transfer network with local background suppression to measure differ-
ences between background noise and retinal targets, addressing data imbalance.

Exudates represent another important DR biomarker, with extensive research on
segmentation. Huang et al. [?] proposed an automatic exudate detection method
combining superpixel multi-feature extraction and patch-based CNN. Kurilova
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et al. [?] combined support vector machine (SVM) classifiers with faster R-
CNN object detectors for hard exudate identification, using SVM pre-scanning
to improve and accelerate detection under limited training data. Mohan et
al. [?] developed an improved KAZE feature-based method addressing issues of
varying exudate size, irregular illumination, and poor contrast.

Retinal vessel segmentation is crucial for DR diagnosis, involving geometric fea-
tures like branch length, angle, and diameter. Tian et al. [?] proposed a multi-
path CNN method effectively suppressing noise while ensuring vessel continuity.
Atli et al. [?] introduced a fully automatic DL architecture overcoming patholo-
gies, noise, and poor contrast, showing clinical potential. Gegundez-Arias et
al. [?] developed a U-Net-based CNN method considering pixel distance to vas-
cular trees, generating pixel-level probability maps for vessel segmentation.

Retinal hemorrhage, formed by ruptured vessels under extreme pressure, is an-
other research focus [?]. Magsood et al. [?] first enhanced edge details through
improved contrast enhancement, then applied a novel CNN structure for hemor-
rhage detection and feature fusion, achieving excellent visual and quantitative
performance. Lahmiri et al. [?] proposed a three-stage hybrid system using CNN
for automatic feature extraction, optimal feature selection, and optimized non-
linear SVM classification, demonstrating superior speed and accuracy compared
to three reference systems.

DR lesion feature recognition is critical for early screening, diagnosis, treatment,
and follow-up. While traditionally performed by trained experts, manual diag-
nosis is cumbersome, error-prone, and resource-intensive. Al can rapidly seg-
ment lesions and precisely extract unique features at each DR stage, promising
efficient, scalable, sustainable, and cost-effective new models [?].

3.2.2 AT Application in DR Diagnosis DR is often asymptomatic in early
stages, with many patients presenting only after vision loss becomes irreversible
[?]. Thus, early diagnosis is crucial for preventing vision impairment. Fundus
photography is the most cost-effective DR examination, driving abundant re-
search on Al-based DR diagnosis from fundus images. Li et al. [?] developed
an ensemble DR diagnostic model using fundus images, investigating input size
and quantity effects on performance, ultimately demonstrating good general-
ization. Fundus images often suffer from chromatic aberrations and irrelevant
lighting, reducing diagnostic quality. Kaushik et al. [?] addressed this using
image desaturation preprocessing and stacked three CNNs for DR classification,
achieving superior results. While existing grading methods typically train on
high-resolution images, clinical practice more commonly uses low-resolution im-
ages, substantially reducing performance. Wang et al. [?] proposed a network
focusing on low-resolution images, jointly performing super-resolution, lesion
segmentation, and DR, grading using CNN-based methods, outperforming other
methods across three datasets. Shankar et al. [?] established a DL-based auto-
matic DR detection model with denoising preprocessing, achieving satisfactory
results on the Messidor DR dataset.
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With continuous research advancement, multiple DR diagnostic systems have
emerged. Since the FDA approved the first Al system for DR diagnosis (IDx-
DR) in 2018 [?], EyeArt [?] and Retmarker DR [?] have also gained approval.
Additionally, Shenzhen Sibionics’ Al-based DR screening software and Airdoc’
s Al-based DR analysis software were approved in August 2020 [?], marking
clinical acceptance and growing adoption of Al in DR diagnosis.

3.3 Research Trends in AI Applications for DR

Keyword burst analysis suggests trends in automated detection, including DME
efficacy prediction, DR disease management, and Al algorithm performance
improvement.

DME, characterized by blood-retinal barrier disruption and macular fluid accu-
mulation [?], is the primary cause of vision loss in DR patients. Anti-vascular
endothelial growth factor (VEGF) therapy is the first-line treatment but is not
universally effective, with some patients showing poor response. Predicting
treatment response can avoid unnecessary trial-and-error and facilitate more ef-
fective therapy selection. Allingham et al. [?] used semi-automated fluorescein
angiography segmentation to compare anti-VEGF effects on M As-related versus
non-MAs-related leakage, suggesting the latter as a VEGF-mediated pathology
marker and that MAs-predominant patients may respond poorly. Rasti et al. [?]
proposed an OCT image-based method for predicting anti-VEGF treatment ef-
ficacy, using pre-treatment scans as input and retinal thickness difference as
output, achieving 0.866 AUC, 85.5% precision, 80.1% sensitivity, and 85.0%
specificity through 5-fold cross-validation. Al is transforming DR diagnosis and
treatment workflows.

As AT applications in DR diagnosis and treatment expand, its potential in dis-
ease management has attracted attention. Estil et al. [?] implemented a DR risk
algorithm in Norwegian ophthalmology clinics using individual risk profiles (gen-
der, diabetes type, DR severity, duration, HbAlc, blood pressure) to estimate
vision-threatening DR risk and personalize screening intervals, reducing clinic
visits and saving resources. Bora et al. [?] developed two DL systems based
on Inception-V3 to predict DR development in patients undergoing tele-DR
screening in primary care, optimizing screening intervals to reduce costs while
improving vision outcomes. Xie et al. [?] developed an Al algorithm to detect
drug-induced retinal changes in diabetic animal models through HE pathology
sections, identifying ganglion cell and nerve fiber layer changes for early di-
agnosis and drug efficacy evaluation, proposing a novel quantitative screening
method.

With deepening research, diverse data types are being integrated to improve
AT model performance. Torok et al. [?] developed a combined tear proteomics
and fundus image AI system for DR detection, demonstrating higher sensitivity
and specificity than either modality alone, suggesting complementary benefits.
Multimodal data combination analysis using DL shows significant advantages
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and represents an emerging trend in DR Al research.

Numerous studies demonstrate Al systems’ irreplaceable efficiency and poten-
tial value as DR diagnostic aids [?]. From model development and validation to
clinical translation, performance improvement, and socioeconomic value assess-
ment, these studies mark A" s maturation in DR. However, challenges remain:
(1) The black-box problem [?] has become critical as Al applications expand.
(2) Dataset quality and quantity: Al algorithms require precise training, test-
ing, and validation datasets; unrepresentative or small datasets yield inaccurate
results. Additionally, equipment, patient cooperation, and physician skill affect
data collection, hindering standardized large database establishment [?]. (3)
Ethical issues: AI in healthcare doesn’ t inherently prioritize “patient bene-
fit maximization,” complicating doctor-patient relationships. Protecting patient
data privacy while advancing Al and determining liability for Al errors in oph-
thalmology require resolution. Future research must focus on algorithm improve-
ment, standardized quality control processes, high-quality database platforms,
and ethical guidelines.

Conclusion and Limitations

This study used CiteSpace to visually analyze DR, Al application literature from
WOS, exploring research status, hotspots, and trends, clearly presenting recent
achievements and analyzing advantages and challenges to provide references
for future research. Limitations include missing other databases and potential
sample omission, leading to incomplete data collection and biased visualization.
Future studies should expand database coverage for more comprehensive and
objective field representation.

Author Contributions

Liu Chun: conceptualization, study design, implementation, results analysis and
interpretation, manuscript writing and revision. Jian Wenyuan: chart prepara-
tion, data collection and organization. Duan Junguo: final manuscript revision,
quality control and review, overall responsibility.

Conflict of Interest Statement

The authors declare no conflict of interest.

chinarxiv.org/items/chinaxiv-202212.00090 Machine Translation


https://chinarxiv.org/items/chinaxiv-202212.00090

ChinaRxiv [$X]

References

1.

10.

11.

12.

13.

TING D S, CHEUNG G C, WONG T Y. Diabetic retinopathy: global
prevalence, major risk factors, screening practices and public health chal-
lenges: a review[J]. Clin Exp Ophthalmol, 2016, 44(4): 260-277.

. CHO N H, SHAW J E, KARURANGA S, et al. IDF Diabetes Atlas:

Global estimates of diabetes prevalence for 2017 and projections for
2045[J]. Diabetes Res Clin Pract, 2018, 138: 271-281.

. LIEW G, MICHAELIDES M, BUNCE C. A comparison of the causes of

blindness certifications in England and Wales in working age adults (16-64
years), 1999-2000 with 2009-2010[J]. BMJ Open, 2014, 4(2): e004015.

. BURTON M J, RAMKE J, MARQUES A P, et al. The Lancet Global

Health Commission on Global Eye Health: vision beyond 2020[J]. Lancet
Glob Health, 2021, 9(4): e489-e551.

. TING D S W, PASQUALE L R, PENG L, et al. Artificial intelligence

and deep learning in ophthalmology[J]. Br J Ophthalmol, 2019, 103(2):
167-175.

. DUTT S, SIVARAMAN A, SAVOY F, et al. Insights into the growing pop-

ularity of artificial intelligence in ophthalmology[J]. Indian J Ophthalmol,
2020, 68(7): 1339-1346.

. ZHANG M, ZHOU S R. Understanding the development status of oph-

thalmic artificial intelligence, holding the challenges and opportunities[J].
Chin J Ocul Fundus Dis, 2021, 37(02): 93-97.

. CHEN Y, CHEN C M, LIU Z Y, et al. The methodology function of CiteS-

pace mapping knowledge domains[J]. Studies in Sci of Sci, 2015, 33(02):
242-253.

. CHEN C, SONG M. Visualizing a field of research: A methodology of

systematic scientometric reviews[J]. PLoS One, 2019, 14(10): €0223994.

LIK K, YUW B, LI S Q, et al. Hot Spots and Cutting Edge Trends in
CiteSpace Based Research on Social Anxiety Among College Students|J].
Chin General Practice, 2022, 25(33): 4217-4226.

CHEN R, YANG H R, SHI H L, et al. Hotspots and trends in research
on nutrition in cirrhosis from 1991 to 2021: a visualized review[J]. Chin
General Practice, 2022, 25(32): 4091-4098.

ZHAO L T, LI J F, FENG L M, et al. Depicting Developing Trend and
Core Knowledge of Primary Open-Angle Glaucoma: A Bibliometric and
Visualized Analysis[J]. Frontiers in Medicine, 2022, 9: 12.

J S. Research on Semi-Automatically Constructing Domain Ontology Hi-
erarchy Using Keywords Clustering[J]. Information Sci, 2016, 34(04): 59-
61+479.

chinarxiv.org/items/chinaxiv-202212.00090 Machine Translation


https://chinarxiv.org/items/chinaxiv-202212.00090

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

ChinaRxiv [$X]

GULSHAN V, PENG L, CORAM M, et al. Development and Validation
of a Deep Learning Algorithm for Detection of Diabetic Retinopathy in
Retinal Fundus Photographs[J]. Jama-Journal of the American Medical
Association, 2016, 316(22): 2402-2410.

TING D S W, CHEUNG C Y L, LIM G, et al. Development and Vali-
dation of a Deep Learning System for Diabetic Retinopathy and Related
Eye Diseases Using Retinal Images From Multiethnic Populations With
Diabetes[J]. Jama-Journal of the American Medical Association, 2017,
318(22): 2211-2223.

GARGEYA R, LENG T. Automated Identification of Diabetic Retinopa-
thy Using Deep Learning[J]. Ophthalmology, 2017, 124(7): 962-969.

LIU S, SUN Y P, GAO X L, et al. Knowledge domain and emerging
trends in Alzheimer’ s disease: a scientometric review based on CiteSpace
analysis[J]. Neural Regen Res, 2019, 14(9): 1643-1650.

WANG S Q, GAO Y Q, ZHANG C, et al. A Bibliometric Analysis Using
CiteSpace of Publications from 1999 to 2018 on Patient Rehabilitation
After Total Knee Arthroplasty[J]. Med Sci Monit, 2020, 26: €920795.

YAO L, HUI L, YANG 7Z, et al. Freshwater microplastics pollution: Detect-
ing and visualizing emerging trends based on Citespace II[J]. Chemosphere,
2020, 245: 125627.

YIN Y L, XI X M. Advances in the intelligent diagnosis of eye diseases[J].
J of Shandong University (Health Sci), 2020, 58(11): 33-38.

WANG Y L, YANG J Y, YANG J Y, et al. Progress of artificial intelligence
in diabetic retinopathy screening[J]. Diabetes-Metabolism Research and
Reviews, 2021, 37(5): e3414.

GOUTAM B, HASHMIM F, GEEM Z W, et al. A Comprehensive Review
of Deep Learning Strategies in Retinal Disease Diagnosis Using Fundus
Images|J]. Ieee Access, 2022, 10: 57796-57823.

XIA H Y, LAN Y, SONG S X, et al. A multi-scale segmentation-
to-classification network for tiny microaneurysm detection in fundus
images[J]. Knowledge-Based Systems, 2021, 226.

LTAO Y H, XIA H Y, SONG S X, et al. Microaneurysm detection in
fundus images based on a novel end-to-end convolutional neural network|[J].
Biocybernetics and Biomedical Engineering, 2021, 41(2): 589-604.

ZHANG X P, WU J G, MENG M, et al. Feature-transfer network and local
background suppression for microaneurysm detection[J]. Machine Vision
and Applications, 2020, 32(1).

HUANG C X, ZONG Y S, DING Y M, et al. A new deep learning approach
for the retinal hard exudates detection based on superpixel multi-feature
extraction and patch-based CNN[J]. Neurocomputing, 2021, 452: 521-533.

chinarxiv.org/items/chinaxiv-202212.00090 Machine Translation


https://chinarxiv.org/items/chinaxiv-202212.00090

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

ChinaRxiv [$X]

KURILOVA V, GOGA J, ORAVEC M, et al. Support vector machine
and deep-learning object detection for localisation of hard exudates|J].
Scientific Reports, 2021, 11(1): 16045.

MOHAN N J, MURUGAN R, GOEL T, et al. Fast and Robust Exudate
Detection in Retinal Fundus Images Using Extreme Learning Machine
Autoencoders and Modified KAZE Features[J]. Journal of Digital Imaging,
2022, 35(3): 496-513.

TIAN C, FANG T, FAN Y L, et al. Multi-path convolutional neural
network in fundus segmentation of blood vessels[J]. Biocybernetics and
Biomedical Engineering, 2020, 40(2): 583-595.

ATLI I, GEDIK O S. Sine-Net: A fully convolutional deep learning archi-
tecture for retinal blood vessel segmentation[J]. Engineering Science and
Technology-an International Journal-Jestech, 2021, 24(2): 271-283.

GEGUNDEZ-ARIAS M E, MARIN-SANTOS D, PEREZ-BORRERO I,
et al. A new deep learning method for blood vessel segmentation in reti-
nal images based on convolutional kernels and modified U-Net model[J].
Computer Methods and Programs in Biomedicine, 2021, 205: 106081.

MAQSOOD S, DAMASEVICIUS R, MASKELIUNAS R. Hemorrhage De-
tection Based on 3D CNN Deep Learning Framework and Feature Fusion
for Evaluating Retinal Abnormality in Diabetic Patients[J]. Sensors, 2021,
21(11): 3865.

LAHMIRI S. Hybrid deep learning convolutional neural networks and op-
timal nonlinear support vector machine to detect presence of hemorrhage
in retina[J]. Biomedical Signal Processing and Control, 2020, 60.

BHASKARANAND M, RAMACHANDRA C, BHAT S, et al. The Value
of Automated Diabetic Retinopathy Screening with the EyeArt System:
A Study of More Than 100,000 Consecutive Encounters from People with
Diabetes[J]. Diabetes Technology & Therapeutics, 2019, 21(11): 635-643.

WONG T Y, SUN J, KAWASAKI R, et al. Guidelines on Diabetic Eye
Care The International Council of Ophthalmology Recommendations for
Screening, Follow-up, Referral, and Treatment Based on Resource Set-
tings[J]. Ophthalmology, 2018, 125(10): 1608-1622.

LI F, WANG Y G, XU T Y, et al. Deep learning-based automated de-
tection for diabetic retinopathy and diabetic macular oedema in retinal
fundus photographs[J]. Eye, 2022, 36(7): 1433-1441.

KAUSHIK H, SINGH D, KAUR M, et al. Diabetic Retinopathy Diagnosis
From Fundus Images Using Stacked Generalization of Deep Models[J]. Ieee
Access, 2021, 9: 108276-108292.

WANG X F, XU M, ZHANG J C, et al. Joint Learning of Multi-Level
Tasks for Diabetic Retinopathy Grading on Low-Resolution Fundus Im-

chinarxiv.org/items/chinaxiv-202212.00090 Machine Translation


https://chinarxiv.org/items/chinaxiv-202212.00090

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

ChinaRxiv [$X]

ages[J]. Teee Journal of Biomedical and Health Informatics, 2022, 26(5):
2216-2227.

SHANKAR K, SAIT A R W, GUPTA D, et al. Automated detection and
classification of fundus diabetic retinopathy images using synergic deep
learning model[J]. Pattern Recognition Letters, 2020, 133: 210-216.

VAN DER HEIJDEN A A, ABRAMOFF M D, VERBRAAK F, et al. Val-
idation of automated screening for referable diabetic retinopathy with the
IDx-DR device in the Hoorn Diabetes Care System[J]. Acta Ophthalmo-
logica, 2018, 96(1): 63-68.

RAJALAKSHMI R, SUBASHINI R, ANJANA R M, et al. Automated
diabetic retinopathy detection in smartphone-based fundus photography
using artificial intelligence[J]. Eye, 2018, 32(6): 1138-1144.

ROY R, LOB A, PAL B P, et al. Automated diabetic retinopathy imaging
in Indian eyes: A pilot study[J]. Indian J Ophthalmol, 2014, 62(12): 1121-
1124.

LIS C,ZHAO R W, ZOU H D. Artificial intelligence for diabetic retinopa-
thy[J]. Chinese Medical Journal, 2022, 135(3): 253-260.

TAN G S, CHEUNG N, SIMé R, et al. Diabetic macular oedemalJ]. Lancet
Diabetes Endocrinol, 2017, 5(2): 143-155.

ALLINGHAM M J, MUKHERJEE D, LALLY E B, et al. A Quantitative
Approach to Predict Differential Effects of Anti-VEGF Treatment on Dif-
fuse and Focal Leakage in Patients with Diabetic Macular Edema: A Pilot
Study[J]. Transl Vis Sci Technol, 2017, 6(2): 7.

RASTI R, ALLINGHAM M J, METTU P S, et al. Deep learning-based
single-shot prediction of differential effects of anti-VEGF treatment in
patients with diabetic macular edemalJ]. Biomed Opt Express, 2020, 11(2):
1139-1152.

ESTIL S, STEINARSSON A, EINARSSON S, et al. Diabetic eye screening
with variable screening intervals based on individual risk factors is safe and
effective in ophthalmic practice[J]. Acta Ophthalmol, 2020, 98(4): 343-346.

BORA A, BALASUBRAMANIAN S, BABENKO B, et al. Predicting the
risk of developing diabetic retinopathy using deep learning[J]. Lancet Digit
Health, 2021, 3(1): el0-e19.

XIE Q, LIU Y, HUANG H, et al. An innovative method for screening and
evaluating the degree of diabetic retinopathy and drug treatment based
on artificial intelligence algorithms[J]. Pharmacol Res, 2020, 159: 104986.

TOROK Z, PETO T, CSOSZ E, et al. Combined Methods for Diabetic
Retinopathy Screening, Using Retina Photographs and Tear Fluid Pro-
teomics Biomarkers[J]. J Diabetes Res, 2015, 2015: 623619.

chinarxiv.org/items/chinaxiv-202212.00090 Machine Translation


https://chinarxiv.org/items/chinaxiv-202212.00090

ChinaRxiv [$X]

51. XIE Y, NGUYEN Q D, HAMZAH H, et al. Artificial intelligence for
teleophthalmology-based diabetic retinopathy screening in a national pro-
gramme: an economic analysis modelling study[J]. Lancet Digit Health,
2020, 2(5): e240-e249.

52. AHUJA A S, HALPERIN L S. Understanding the advent of artificial
intelligence in ophthalmology[J]. J Curr Ophthalmol, 2019, 31(2): 115-
117.

53. ZHAO M, JIANG Y. Great expectations and challenges of artificial intelli-
gence in the screening of diabetic retinopathy[J]. Eye (Lond), 2020, 34(3):
418-419.

Note: Figure translations are in progress. See original paper for figures.

Source: ChinaXiv —Machine translation. Verify with original.

chinarxiv.org/items/chinaxiv-202212.00090 Machine Translation


https://chinarxiv.org/items/chinaxiv-202212.00090

	Postprint: Visual Analysis of Artificial Intelligence for Diabetic Retinopathy
	Abstract
	Full Text
	Preamble
	Abstract
	Introduction
	Methods
	1.1 Data Sources and Search Strategy
	1.2.1 Visualization Analysis Method
	1.2.2 Parameter Settings
	1.2.3 Data Analysis and Judgment Criteria

	Results
	2.1 Publication Volume Analysis
	2.2 Country Analysis
	2.3 Institution Analysis
	2.4 Author Analysis
	2.5.1 Author Co-Citation Analysis
	2.5.2 Journal Co-Citation Analysis
	2.5.3 Literature Co-Citation Analysis
	2.6.1 Keyword Co-Occurrence Analysis
	2.6.2 Keyword Clustering Analysis
	2.6.3 Keyword Burst Analysis

	Discussion
	3.1 Analysis of Publications, Countries, Institutions, Authors, and Cited Journals
	3.2 Research Hotspots in AI Applications for DR
	3.3 Research Trends in AI Applications for DR

	Conclusion and Limitations
	Author Contributions
	Conflict of Interest Statement
	References


