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Abstract: This review explores the transformative role of artificial intelligence (Al) in the early
detection and prognosis prediction of diabetic retinopathy (DR), a leading cause of vision loss in
diabetic patients. Al, particularly deep learning and convolutional neural networks (CNNSs), has
demonstrated remarkable accuracy in analyzing retinal images, identifying early-stage DR with high
sensitivity and specificity. These advancements address critical challenges such as intergrader
variability in manual screening and the limited availability of specialists, especially in underserved
regions. The integration of Al with telemedicine has further enhanced accessibility, enabling remote
screening through portable devices and smartphone-based imaging. Economically, Al-based systems
reduce healthcare costs by optimizing resource allocation and minimizing unnecessary referrals. Key
findings highlight the dominance of Medicine (819 documents) and Computer Science (613
documents) in research output, reflecting the interdisciplinary nature of this field. Geographically,
China, the United States, and India lead in contributions, underscoring global efforts to combat DR.
Despite these successes, challenges such as algorithmic bias, data privacy, and the need for explainable
Al (XAI) remain. Future research should focus on multi-center validation, diverse Al methodologies,
and clinician-friendly tools to ensure equitable adoption. By addressing these gaps, Al can
revolutionize DR management, reducing the global burden of diabetes-related blindness through early
intervention and scalable solutions.
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1 Introduction

This comprehensive review explores the multifaceted role of artificial intelligence (Al) in the
early detection and prognosis prediction of diabetic retinopathy (DR), emphasizing the
importance of integrating advanced computational methods into clinical workflows to
improve diagnostic accuracy and patient outcomes [1], [2], [3]. Al algorithms have been
increasingly applied to analyze retinal images, leveraging both convolutional neural networks
(CNNs) and deep learning techniques to identify subtle vascular changes and
microaneurysms that are indicative of DR at its earliest stages [2], [4], [5]. The potential of
these methods to assist ophthalmologists in reducing variability in image interpretation and
improving screening throughput is underscored by the rapid advancements observed over the
last decade, which have significantly decreased the rate of misdiagnosis while simultaneously
enhancing prognostic capabilities [1], [3], [6]. In addition, the integration of Al with
telemedicine solutions has enabled remote screening and monitoring in underserved areas,
thereby addressing the growing disparity in healthcare accessibility [2], [7], [8]. These
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developments, coupled with cost-effectiveness and scalability, pose a disruptive shift in
conventional DR management paradigms, promising to alleviate the socio-economic burden
associated with diabetes and its ocular complications [9], [10], [11].

The global increase in diabetes prevalence has precipitated an urgent need for innovative
diagnostic tools to mitigate the risk of vision loss due to DR, and Al-based systems have
emerged as a viable solution to this mounting challenge [1], [10], [12]. Epidemiological
studies indicate that early detection and prompt intervention can prevent visual impairment in
over 90% of DR cases, a fact that underscores the clinical and public health significance of
deploying Al in screening programs [13], [3], [6]. The rapid dissemination of diabetes
worldwide, coupled with the high cost and limited availability of trained retinal specialists,
necessitates the adoption of automated diagnostic systems that can efficiently analyze large
volumes of retinal images [2], [7], [9]. Furthermore, Al systems have demonstrated
remarkable sensitivity and specificity in detecting varying stages of DR, thereby providing
clinicians with valuable secondary opinions and potentially reducing the human error
associated with manual grading [14], [15], [16]. Consequently, the transformative potential of
Al is not only evident in its diagnostic accuracy but also in its capacity to optimize resource
allocation and enhance healthcare delivery at a systems level [9], [17], [18].

Diabetic retinopathy is a microvascular complication of diabetes that can lead to irreversible
blindness if not diagnosed and treated in a timely manner, and the early identification of this
condition is critical to preserving vision [1], [13], [4]. Traditional screening methods often
involve labor-intensive manual analysis of fundus photographs and OCT images, a process
that is both time-consuming and subject to interobserver variability [15], [19], [5]. Al-based
systems, leveraging state-of-the-art image processing techniques, have been developed to
overcome these limitations by automating the detection process and standardizing
interpretation outcomes across diverse patient populations [2], [3], [20]. Recent studies have
validated the clinical efficacy of these systems by demonstrating high concordance with
human expert assessments in large-scale multicenter trials, thereby reinforcing their utility as
an adjunct in routine clinical practice [21], [22], [23]. The incorporation of Al into DR
screening protocols is poised to revolutionize patient care by ensuring earlier diagnosis,
enabling timely therapeutic interventions, and ultimately reducing the incidence of diabetes-
related blindness [17], [10], [8].

2 Literature

Recent advancements in deep learning and neural network architectures have significantly
improved the capability of Al algorithms to detect early signs of DR from fundus imaging
with unprecedented accuracy [2], [3], [20]. These benefits are particularly evident in
convolutional neural network (CNN) approaches, where large annotated datasets enable the
system to learn intricate retinal features that may elude even experienced clinicians [2], [4],
[24]. The robust performance of these models is confirmed by high sensitivity and specificity
metrics that have been consistently reported across clinical validation studies, suggesting that
Al can reliably identify the subtle changes in retinal morphology that precede overt DR [14],
[16], [3]. Moreover, the scalability of Al models allows for rapid screening of large patient
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cohorts while preserving high diagnostic performance, a factor that is critically needed in
regions with limited access to ophthalmologic care [7], [8], [18]. As a result, the integration
of Al for early detection not only enhances screening efficiency but also offers a promising
pathway for disease monitoring and risk stratification over time [20], [9], [6].

A notable challenge in DR screening has been the intergrader variability that arises from the
subjective nature of manual image interpretation, yet Al-based grading systems have
demonstrated the ability to standardize diagnostics across different populations [15], [19], [3].
Variability in human grading has long been recognized as a barrier to consistent and timely
diagnosis, leading to adverse patient outcomes and increased healthcare costs [15], [10], [25].
In contrast, validated automated deep learning software offers reproducible performance by
applying uniform criteria to all images, thereby reducing diagnostic inconsistencies [15], [3],
[26]. Clinical studies have highlighted that automated systems can achieve comparable or
superior performance to human graders, especially in the identification of mild and early-
stage DR, where variability is most pronounced [14], [15], [22]. This standardization is
pivotal for large-scale screening initiatives that aim to reduce the burden on ophthalmic
specialists while maintaining high diagnostic standards [3], [17], [18].

Telemedicine has emerged as an essential component of contemporary DR screening
programs, particularly in rural and underserved regions where access to specialized care is
limited [2], [7], [27]. The convergence of Al with telemedical systems allows for the remote
acquisition and automated analysis of retinal images, which enhances both the speed and
accuracy of DR detection [7], [16], [8]. By leveraging smartphone-based fundus cameras and
portable imaging devices, Al systems can facilitate point-of-care screening even in resource-
constrained settings, promoting earlier intervention for diabetic patients [16], [28], [27]. The
decentralized nature of these technologies enables extensive population screening campaigns
that bypass traditional healthcare infrastructure limitations [7], [10], [29]. Consequently, the
synergy between telemedicine and Al represents a paradigm shift in the delivery of eye care,
reducing geographic and economic barriers to effective DR management [2], [16], [8].

Economic evaluations of Al-based DR screening have consistently demonstrated that
automated systems can significantly lower the overall cost of care compared to conventional
human-based grading [14], [9], [11]. Studies indicate that Al solutions yield cost savings by
reducing the workload on specialized personnel, optimizing resource allocation, and
minimizing the frequency of unnecessary referrals [9], [17], [29]. The integration of
automated screening tools has been shown to be particularly cost-effective in high-volume
clinical settings, where the reduction in diagnostic turnaround times translates into better
patient outcomes and lower system-wide expenditures [14], [9], [11]. In addition, by
detecting DR at an earlier stage, Al-based screening can prevent the progression to advanced
disease states that require more aggressive and costly interventions [1], [13], [6]. The
economic advantages of Al also extend to its capacity to provide scalable solutions in regions
where traditional screening methods are limited by a shortage of trained healthcare
professionals [17], [30], [18].
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The real-world implementation of Al in DR screening is exemplified by systems that have
received regulatory approvals, such as the IDx-DR and EyeArt platforms, which are now
integrated into clinical practice in several countries [4], [22], [6]. These systems have
undergone rigorous clinical testing to ensure that their performance metrics meet or exceed
those of manual grading by expert clinicians [4], [3], [6]. Their deployment in routine
screening workflows has not only validated their diagnostic precision but also underscored
the importance of comprehensive clinical validation studies involving diverse patient cohorts
[22], [23], [17]. The ability of these platforms to process high-resolution retinal images
rapidly and with high accuracy has made them instrumental in reducing the incidence of
undiagnosed DR among diabetic populations [1], [3], [6]. Such advancements provide strong
evidence in support of the widespread adoption of automated DR screening tools in both
high- and low-resource healthcare settings [22], [17], [8].

3 Method

This study adopted a rigorous systematic bibliometric analysis following the PRISMA
framework to investigate the application of artificial intelligence in diabetic retinopathy
detection and prognosis prediction. The research methodology was designed to provide both
quantitative and qualitative insights through multiple phases of data collection, screening, and
analysis. We utilized Scopus as our primary database, focusing on journal articles published
between 2022 and 2025 in computer science and medicine, to ensure we captured the most
recent and relevant advancements in this rapidly evolving field. Our comprehensive search
strategy incorporated three key thematic areas: Al methodologies, diabetic retinopathy
terminology, and clinical applications, which yielded an initial pool of 5,878 records.
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Figure 1: Flow diagram of search strategy for topic Artificial Intelligence, Diabetic Retinopathy, Early
Detection and Prognosis from 2022 to 2025

The screening process followed strict PRISMA guidelines, beginning with duplicate removal
before progressing through title/abstract screening and full-text evaluation conducted by
independent reviewers. This meticulous approach resulted in 912 high-quality articles
selected for in-depth analysis, with careful documentation of exclusion criteria at each stage
to maintain transparency. For the bibliometric analysis, we employed a suite of specialized
tools including VOSviewer for network visualization and science mapping, Harzing's Publish
or Perish for citation analysis, and Microsoft Excel for data organization and trend analysis.
These tools enabled us to conduct performance analyses of publication patterns, science
mapping of conceptual domains, and content analysis of Al techniques and clinical
applications.

To ensure methodological rigor, we implemented several quality assurance measures such as
inter-rater reliability checks, search string validation, and peer debriefing. Our analytical
approach combined quantitative metrics like citation counts and author productivity with
qualitative assessments of research themes and methodological quality. The visual
representation of our methodology through the PRISMA flow diagram effectively
communicated our systematic literature selection process, while the multi-dimensional
analysis framework provided both macro-level patterns and micro-level insights. This
comprehensive approach not only mapped the current state of knowledge in Al applications
for diabetic retinopathy but also identified significant gaps and opportunities for future
research, offering valuable insights for researchers and clinicians working at the intersection
of artificial intelligence and ophthalmology.
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4 Result

The analysis of research output by country reveals a distinct global distribution of scientific
contributions. China leads with a substantial 487 documents, demonstrating its dominant
position in this research domain, followed by the United States with 347 publications,
reflecting the strong research ecosystems in these two nations. India ranks third with 279
documents, highlighting its growing expertise in both medical research and artificial
intelligence applications.
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Figure 2. Documents published by country or territory between 2022 and 2025

The United Kingdom occupies fourth place with 137 publications, while Australia completes
the top five with 91 documents. Notably, Asian countries collectively show strong
representation, with Singapore and South Korea tied at 83 publications each, Japan
contributing 67, and Hong Kong adding 49. The Middle East is represented by Saudi Arabia
with 63 documents, while European contributions come from Germany (61), Spain (58), Italy
(48), and Switzerland (44).

Pakistan's inclusion with 40 documents indicates emerging research activity in this field. This
geographical distribution suggests that research in Al for diabetic retinopathy is concentrated
in countries with robust healthcare systems, strong technological infrastructure, and
significant investments in medical Al research, while also showing promising growth in
developing nations addressing high diabetes prevalence through technological solutions. The
data underscores the global nature of this interdisciplinary research field, combining
ophthalmology, diabetes care, and artificial intelligence innovation.

4.1 Documents by subject area
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The subject area distribution of research reveals a clear interdisciplinary pattern, with
Medicine (819 documents) emerging as the dominant field, accounting for nearly one-third of
all publications. This strong medical predominance reflects the clinical orientation of diabetic
retinopathy research, where Al solutions are primarily developed to address real-world
diagnostic and prognostic challenges in ophthalmology. Computer Science (613 documents)
follows as the second-largest contributor, highlighting the crucial role of machine learning
algorithms, image processing techniques, and computational models that underpin these
medical applications. The substantial representation of Engineering (534 documents) further
emphasizes the importance of technological implementation, particularly in developing
medical imaging systems and diagnostic devices.
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Figure 3. Documents published by subject area between 2022 and 2025

A secondary tier of disciplines demonstrates the breadth of this research field. Biochemistry,
Genetics and Molecular Biology (187 documents) and Neuroscience (159 documents) likely
represent studies exploring the biological mechanisms of diabetic retinopathy or neural
network-inspired Al architectures. The presence of Physics and Astronomy (143 documents)
may relate to advanced imaging technologies like optical coherence tomography, while
Health Professions (126 documents) reflects translational research focused on clinical
workflow integration. Materials Science (103 documents) and Chemical Engineering (57
documents) contributions probably concern sensor development or contrast agents for retinal
imaging.

The long tail of other disciplines including Multidisciplinary (101), Mathematics (96), and
Decision Sciences (20) illustrates how this field attracts diverse methodological approaches,
from mathematical modelling of disease progression to decision support system development.
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Notably, the minimal representation of pure Chemistry (30 documents) suggests most
research focuses on applied rather than fundamental science aspects. This distribution pattern
confirms that Al applications for diabetic retinopathy represent a true convergence field,
where medical needs drive technological innovation, and where successful solutions require
close collaboration between clinicians, computer scientists, and engineers. The predominance
of Medicine and Computer Science publications suggests that while the field welcomes
diverse contributions, its core remains firmly anchored in clinical problem-solving supported
by advanced computational methods.

4.1 Co-occurrence link between keywords

The keyword co-occurrence analysis reveals several important thematic clusters and research
trends. The strongest connections emerge around core clinical and technical concepts, with
"diabetic retinopathy" (total link strength=19) serving as the central node, reflecting its
position as the primary medical focus of these studies. "Deep learning” (link strength=12)
appears as the dominant Al methodology, significantly outpacing other technical approaches
in this research space.
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Figure 3. Network visualization of co-occurrence link between keyword for research topic Artificial
Intelligence, Diabetic Retinopathy, Early Detection and Prognosis, between year 2022 and 2025.

Several noteworthy thematic patterns emerge from the mid-range connections (link
strength=5). The cluster around "automated diagnosis," "diabetic retinopathy detection,"” and
"medical image analysis” demonstrates the field's emphasis on developing autonomous
screening tools, while terms like “"capsule network™ and “convolution neural network"
(strength=4) specify the preferred neural network architectures. The appearance of emerging
concepts like “code-free prompt" and "no-code" suggests growing interest in making Al
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solutions more accessible to clinicians without programming expertise. Clinical applications
are represented through terms such as “diabetic macular edema,” "ophthalmic healthcare,"
and "risk calculator,” indicating a balance between technical development and practical
implementation.

The presence of “classification™ (strength=4) and “feature map" (strength=4) reveals ongoing
methodological focus on image categorization and feature extraction techniques. The
relatively equal strength of connections across technical (“capsule network™), clinical
("diabetic macular edema"), and implementation (“risk calculator”) terms suggests this
research field maintains a healthy equilibrium between algorithm development and clinical
translation. However, the dominance of "deep learning" over other Al approaches indicates a
potential research gap regarding alternative machine learning methods in diabetic retinopathy
applications. These patterns collectively portray an evolving research landscape where
advanced neural networks are being actively adapted to address specific clinical challenges in
diabetic eye disease, with growing attention to deployment-friendly solutions that bridge the
gap between Al researchers and medical practitioners.

5 Discussion

The findings of this study highlight the transformative potential of artificial intelligence (Al)
in the early detection and prognosis prediction of diabetic retinopathy (DR), reinforcing its
role as a critical tool in modern ophthalmology. The dominance of Medicine (819 documents)
and Computer Science (613 documents) in the subject area distribution underscores the
interdisciplinary nature of this research, clinical needs drive technological innovation. The
strong representation of Engineering (534 documents) further emphasizes the importance of
developing robust diagnostic systems, particularly in medical imaging and automated
screening. This convergence of disciplines suggests that successful Al applications in DR
require close collaboration between clinicians, data scientists, and engineers to ensure both
diagnostic accuracy and real-world usability.

The geographical distribution of research output reveals that China (487 documents) and the
United States (347 documents) lead in scientific contributions, likely due to their advanced
healthcare infrastructure, significant investments in Al research, and high diabetes
prevalence. Meanwhile, India (279 documents) and other emerging economies demonstrate
growing expertise, reflecting the global demand for cost-effective DR screening solutions.
The inclusion of countries like Saudi Arabia (63 documents) and Pakistan (40 documents)
indicates increasing efforts to address DR in regions with limited access to specialized
ophthalmologists, aligning with the broader trend of Al-assisted telemedicine for remote
screening.

Keyword co-occurrence analysis reveals that “deep learning"” (link strength=12) is the most
prominent Al methodology, far surpassing traditional machine learning techniques. This
dominance suggests that convolutional neural networks (CNNs) and related architectures are
particularly effective in analyzing retinal images for early DR signs. However, the emergence
of terms like “"code-free prompt” and "no-code" (strength=5) signals a shift toward user-
friendly Al tools, enabling clinicians without programming expertise to leverage these
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technologies. This trend is crucial for widespread adoption, particularly in resource-limited
settings where specialist availability is scarce.

The integration of Al into telemedicine platforms has proven especially impactful, as
evidenced by studies validating smartphone-based fundus imaging combined with Al analysis
for DR screening in rural and underserved areas. Such innovations address critical gaps in
healthcare accessibility, reducing reliance on manual grading by specialists while maintaining
high diagnostic accuracy. Additionally, economic analyses highlight the cost-effectiveness of
Al-based screening, with studies demonstrating reduced healthcare expenditures through
early intervention and optimized resource allocation.

Despite these advancements, challenges remain. The limited representation of alternative Al
methods (e.g., support vector machines, decision trees) in the keyword analysis suggests a
research gap in exploring diverse machine learning approaches beyond deep learning.
Furthermore, while Al systems like IDx-DR and EyeArt have achieved regulatory approval,
real-world implementation faces barriers such as data privacy concerns, algorithmic bias, and
integration into existing clinical workflows. Future research should focus on explainable Al
(XAl) to enhance clinician trust, as well as multi-center validation studies to ensure
generalizability across diverse populations.

In conclusion, Al has revolutionized DR screening by improving diagnostic accuracy,
scalability, and cost-efficiency. However, sustained progress will depend on interdisciplinary
collaboration, equitable technology deployment, and continuous validation in diverse clinical
settings. By addressing current limitations and fostering innovation, Al can fulfil its promise
in reducing global diabetes-related blindness.

6 Conclusion

The integration of artificial intelligence (Al) in the early detection and prognosis prediction
of diabetic retinopathy (DR) represents a transformative advancement in ophthalmology,
addressing critical challenges in screening accuracy, accessibility, and cost-effectiveness. This
review highlights the dominance of deep learning techniques, particularly convolutional
neural networks (CNNS), in analyzing retinal images with high sensitivity and specificity,
outperforming traditional manual grading methods. The interdisciplinary collaboration
between medicine, computer science, and engineering underscores the synergy required to
develop robust Al solutions tailored to clinical needs. Geographically, leading contributions
from China, the United States, and India reflect the global push to combat DR, especially in
regions with high diabetes prevalence and limited healthcare resources.

Al's role in telemedicine has proven particularly impactful, enabling remote screening in
underserved areas through portable devices and smartphone-based imaging, thereby reducing
reliance on specialist availability. Economic analyses further validate the cost-saving
potential of Al-driven screening, emphasizing its scalability and efficiency in high-volume
settings. However, challenges such as algorithmic bias, data privacy, and the need for
explainable Al (XAI) remain barriers to widespread adoption. Future research should
prioritize multi-center validation studies, diverse Al methodologies beyond deep learning,
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and clinician-friendly tools to bridge the gap between technology and practice. By addressing
these gaps, Al can fulfill its promise of reducing global diabetes-related blindness, ensuring
equitable access to early intervention and improved patient outcomes.

7 References

[1] S. Jawaid and J. Qureshi, "How artificial intelligence technology can be used to treat
diabetes",, 2024. https://doi.org/10.20944/preprints202401.2049.v1

[2] K. -, S. Jadhav, C. More, S. -, P. -, & N. Kokate, "Diabetic retinopathy detection using cnn
and telemedicine", International Journal for Multidisciplinary Research, vol. 6, no. 5, 2024.
https://doi.org/10.36948/ijfmr.2024.v06i05.29306

[3] Y. Huang, Y. Qi, C. Liu, F. Jing, C. Li, M. Wanget al., "A decade of progress in artificial
intelligence for fundus image-based diabetic retinopathy screening (2014-2024): a
bibliometric analysis",, 2024. https://doi.org/10.1101/2024.11.02.24316635

[4] H. Hashemian, T. Petd, R. Ambrosio, 1. Lengyel, R. Kafieh, A. Nooriet al., "Application
of artificial intelligence in ophthalmology: an updated comprehensive review", Journal of
Ophthalmic and  Vision Research, wvol. 19, no. 3, p. 354-367, 2024.
https://doi.org/10.18502/jovr.v19i3.15893

[5] M. Driban, A. Yan, A. Selvam, J. Ong, K. Vupparaboina, & J. Chhablani, "Artificial
intelligence in chorioretinal pathology through fundoscopy: a comprehensive review",
International Journal of Retina and Vitreous, wvol. 10, no. 1, 2024
https://doi.org/10.1186/s40942-024-00554-4

[6] S. Au, "Artificial intelligence systems for diabetic retinopathy screening: appraisal on the
3rd us fda approved algorithms-  aeye-ds”, JOAR, p. 1-3, 2023.
https://doi.org/10.46889/joar.2023.4202

[7] S. Hao, C. Liu, N. Li, Y. Wu, D. Li, Q. Gaoet al., "Clinical evaluation of ai-assisted
screening for diabetic retinopathy in rural areas of midwest china", Plos One, vol. 17, no. 10,
p. e0275983, 2022. https://doi.org/10.1371/journal.pone.0275983

[8] N. Whitestone, J. NKkurikiye, J. Patnaik, N. Jaccard, G. Lanouette, D. Cherweket al.,
"Feasibility and acceptance of artificial intelligence-based diabetic retinopathy screening in
rwanda", British Journal of Ophthalmology, vol. 108, no. 6, p. 840-845, 2023.
https://doi.org/10.1136/bjo-2022-322683

[9] Y. Wang, C. Liu, W. Hu, L. Luo, D. Shi, J. Zhanget al., "Economic evaluation for medical
artificial intelligence: accuracy vs. cost-effectiveness in a diabetic retinopathy screening
case", NPJ Digital Medicine, vol. 7, no. 1, 2024. https://doi.org/10.1038/s41746-024-01032-9

[10] M. Abdalla and J. Mohanraj, "Revolutionizing diabetic retinopathy screening and
management: the role of artificial intelligence and machine learning"”, World Journal of
Clinical Cases, vol. 13, no. 5, 2025. https://doi.org/10.12998/wjcc.v13.i5.101306


https://doi.org/10.1101/2025.03.29.25324873
http://creativecommons.org/licenses/by/4.0/

medRxiv preprint doi: https://doi.org/10.1101/2025.03.29.25324873; this version posted June 20, 2025. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity.
It is made available under a CC-BY 4.0 International license .

[11] R. Ramoutar, "An economic analysis for the use of artificial intelligence in screening for
diabetic retinopathy in trinidad and tobago", Cureus, 2024.
https://doi.org/10.7759/cureus.55745

[12] J. Grauslund, "Diabetic retinopathy screening in the emerging era of artificial
intelligence”, Diabetologia, vol. 65, no. 9, p. 1415-1423, 2022.
https://doi.org/10.1007/s00125-022-05727-0

[13] P. Bai, C. Beversluis, A. Song, N. Alicea, Y. Eisenberg, B. Laydenet al., "Opportunities
to apply human-centered design in health care with artificial intelligence—based screening for
diabetic retinopathy”, International Ophthalmology Clinics, vol. 64, no. 4, p. 5-8, 2024.
https://doi.org/10.1097/ii0.0000000000000531

[14] M. Karabeg, G. Petrovski, S. Hertzberg, M. Erke, D. Fosmark, G. Russellet al., "A pilot
cost-analysis study comparing ai-based eyeart® and ophthalmologist assessment of diabetic
retinopathy in minority women in oslo, norway", International Journal of Retina and
Vitreous, vol. 10, no. 1, 2024. https://doi.org/10.1186/s40942-024-00547-3

[15] C. Teoh, K. Wong, D. Xiao, H. Wong, P. Zhao, H. Chanet al., "Variability in grading
diabetic retinopathy using retinal photography and its comparison with an automated deep
learning diabetic retinopathy screening software", Healthcare, vol. 11, no. 12, p. 1697, 2023.
https://doi.org/10.3390/healthcare11121697

[16] O. Kemp, C. Bascarén, E. Cartwright, L. McQuillan, N. Matthew, H. Shillingford-
Rickettset al., "Real-world evaluation of smartphone-based artificial intelligence to screen for
diabetic retinopathy in dominica: a clinical validation study", BMJ Open Ophthalmology, vol.
8, no. 1, p. e001491, 2023. https://doi.org/10.1136/bmjophth-2023-001491

[17] R. Kawasaki, "How can artificial intelligence be implemented effectively in diabetic
retinopathy screening in japan?”, Medicina, vol. 60, no. 2, p. 243, 2024.
https://doi.org/10.3390/medicina60020243

[18] X. Huang, B. Yang, W. Zheng, Q. Liu, F. Xiao, P. Ouyanget al., "Cost-effectiveness of
artificial intelligence screening for diabetic retinopathy in rural china", BMC Health Services
Research, vol. 22, no. 1, 2022. https://doi.org/10.1186/s12913-022-07655-6

[19] C. Suciu, A. Marginean, V. Suciu, G. Muntean, & S. Nicoard, "Diabetic macular edema
optical coherence tomography biomarkers detected with efficientnetv2bl and convnext",
Diagnostics, vol. 14, no. 1, p. 76, 2023. https://doi.org/10.3390/diagnostics14010076

[20] G. Zhang, B. Sun, Z. Chen, Y. Gao, Z. Zhang, K. Liet al., "Diabetic retinopathy grading
by deep graph correlation network on retinal images without manual annotations”, Frontiers
in Medicine, vol. 9, 2022. https://doi.org/10.3389/fmed.2022.872214

[21] E. Vaghefi, S. Yang, L. Xie, D. Han, A. Yap, O. Schmeidelet al., "A multi-centre
prospective evaluation of theia™ to detect diabetic retinopathy (dr) and diabetic macular
oedema (dmo) in the new zealand screening program”, Eye, vol. 37, no. 8, p. 1683-1689,
2022. https://doi.org/10.1038/s41433-022-02217-w


https://doi.org/10.1101/2025.03.29.25324873
http://creativecommons.org/licenses/by/4.0/

medRxiv preprint doi: https://doi.org/10.1101/2025.03.29.25324873; this version posted June 20, 2025. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity.
It is made available under a CC-BY 4.0 International license .

[22] E. Riotto, S. Gasser, J. Poti¢, M. Sherif, T. Stappler, R. Schlingemannet al., "Accuracy of
autonomous artificial intelligence-based diabetic retinopathy screening in real-life clinical
practice”, Journal of Clinical Medicine, vol. 13, no. 16, p. 4776, 2024.
https://doi.org/10.3390/jcm13164776

[23] S. Meredith, M. Grinsven, J. Engelberts, D. Clarke, V. Prior, J. Vodreyet al.,
"Performance of an artificial intelligence automated system for diabetic eye screening in a
large  english  population”, Diabetic Medicine, vol. 40, no. 6, 2023.
https://doi.org/10.1111/dme.15055

[24] P. Jena, B. Khuntia, C. Palai, M. Nayak, T. Mishra, & S. Mohanty, "A novel approach for
diabetic retinopathy screening using asymmetric deep learning features”, Big Data and
Cognitive Computing, vol. 7, no. 1, p. 25, 2023. https://doi.org/10.3390/bdcc7010025

[25] X. Huang, H. Wang, C. She, J. Feng, X. Liu, X. Huet al., "Artificial intelligence
promotes the diagnosis and screening of diabetic retinopathy", Frontiers in Endocrinology,
vol. 13, 2022. https://doi.org/10.3389/fend0.2022.946915

[26] A. Bilal, A. Imran, T. Baig, X. Liu, H. Long, A. Alzahraniet al., "Improved support
vector machine based on cnn-svd for vision-threatening diabetic retinopathy detection and
classification”, Plos  One, vol. 19, no. 1, p. 0295951, 2024.
https://doi.org/10.1371/journal.pone.0295951

[27] D. Dave and G. SAWHNEY, "Revolutionizing diabetic retinopathy diagnosis in third
world countries: the transformative potential of smartphone-based ai",, 2023.
https://doi.org/10.36227/techrxiv.24601953

[28] Q. Li, "Implementation of a new, mobile diabetic retinopathy screening model
incorporating artificial intelligence in remote western australia”, Australian Journal of Rural
Health, vol. 33, no. 2, 2025. https://doi.org/10.1111/ajr.70031

[29] H. Li, G. Li, N. Li, C. Liu, Z. Yuan, Q. Gaoet al., "Cost-effectiveness analysis of
artificial intelligence-based diabetic retinopathy screening in rural china based on the markov
model”, Plos One, vol. 18, no. 11, p. €0291390, 2023.
https://doi.org/10.1371/journal.pone.0291390

[30] A. Rizvi, F. Rizvi, P. Lalakia, L. Hyman, R. Frasso, L. Sztanderaet al., "Is artificial
intelligence the cost-saving lens to diabetic retinopathy screening in low- and middle-income
countries?", Cureus, 2023. https://doi.org/10.7759/cureus.45539

[31] A. Yap, B. Wilkinson, E. Chen, L. Han, E. Vaghefi, C. Gallowayet al., "Patients
perceptions of artificial intelligence in diabetic eye screening”, Asia-Pacific Journal of
Ophthalmology, vol. 11, no. 3, p. 287-293, 2022.
https://doi.org/10.1097/ap0.0000000000000525

[32] F. Malerbi, B. Ventura, M. Fischer, & F. Penha, "Patients perceptions of artificial
intelligence in a deep learning-assisted diabetic retinopathy screening event: a real-world


https://doi.org/10.1101/2025.03.29.25324873
http://creativecommons.org/licenses/by/4.0/

medRxiv preprint doi: https://doi.org/10.1101/2025.03.29.25324873; this version posted June 20, 2025. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity.
It is made available under a CC-BY 4.0 International license .

assessment”, Journal of Diabetes Science and Technology, vol. 18, no. 3, p. 750-751, 2024.
https://doi.org/10.1177/19322968241234378

[33] K. Willis, U. Chaudhry, L. Chandrasekaran, C. Wahlich, A. Olvera’Barrios, R.
Chamberset al., "What are the perceptions and concerns of people living with diabetes and
national health service staff around the potential implementation of ai-assisted screening for
diabetic eye disease? development and validation of a survey for use in a secondary care
screening  setting”, BMJ Open, wvol. 13, no. 11, p. e075558, 2023.
https://doi.org/10.1136/bmjopen-2023-075558

[34] M. Atik, T. Kogak, N. Sayin, S. Bayramoglu, & A. Ozyigit, "Integration of optical
coherence tomography images and realrTlife clinical data for deep learning modeling: a
unified approach in prognostication of diabetic macular edema”, Journal of Biophotonics,
vol. 18, no. 3, 2024. https://doi.org/10.1002/jbi0.202400315

[35] L. Liu, M. Wang, G. Li, & Q. Wang, "Construction of predictive model for type 2
diabetic retinopathy based on extreme learning machine"”, Diabetes Metabolic Syndrome and
Obesity Targets and Therapy, vol. \olume 15, p. 2607-2617, 2022.
https://doi.org/10.2147/dms0.s374767

[36] S. Arunga, K. Morley, T. Kwaga, M. Morley, L. Nakayama, R. Mwavuet al.,
"Assessment of clinical metadata on the accuracy of retinal fundus image labels in diabetic
retinopathy in uganda: case-crossover study using the multimodal database of retinal images
in africa (preprint)",, 2024. https://doi.org/10.2196/preprints.59914

[37] S. Arunga, K. Morley, T. Kwaga, M. Morley, L. Nakayama, R. Mwavuet al.,
"Assessment of clinical metadata on the accuracy of retinal fundus image labels in diabetic
retinopathy in uganda: case-crossover study using the multimodal database of retinal images
in africa”, Jmir Formative Research, vol. 8, p. €59914, 2024. https://doi.org/10.2196/59914

[38] M. Krogh, M. Jensen, M. Jensen, M. Hansen, M. Nielsen, H. Vorumet al., "Exploring
general practice staff perspectives on a teaching concept based on instruction videos for
diabetic retinopathy screening — an interview study", Scandinavian Journal of Primary Health
Care, vol. 43, no. 1, p. 75-84, 2024. https://doi.org/10.1080/02813432.2024.2396873

[39] E. Korot, M. Gongalves, J. Huemer, S. Beqiri, H. Khalid, M. Kellyet al., "Clinician-
driven ai: code-free self-training on public data for diabetic retinopathy referral”, Jama
Ophthalmology;, vol. 141, no. 11, p. 1029, 2023.
https://doi.org/10.1001/jamaophthalmol.2023.4508

[40] Q. Xu, H. Jingying, S. Xian, Y. Zhao, L. Wu, C. Baoruiet al., "The effectiveness of
artificial intelligence-based automated grading and training system in education of manual
detection of diabetic retinopathy”, Frontiers in Public Health, vol. 10, 2022.
https://doi.org/10.3389/fpubh.2022.1025271

[41] A. Kankaria, M. Duggal, A. Kernohan, A. Chauhan, P. Verma, A. Bryantet al.,
"Diagnostic accuracy and cost-effectiveness of automated image analysis software for


https://doi.org/10.1101/2025.03.29.25324873
http://creativecommons.org/licenses/by/4.0/

medRxiv preprint doi: https://doi.org/10.1101/2025.03.29.25324873; this version posted June 20, 2025. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity.
It is made available under a CC-BY 4.0 International license .

screening of diabetic retinopathy: a protocol for a systematic review", 2023.
https://doi.org/10.21203/rs.3.rs-3149178/v1

[42] D. Chen, Y. Modi, & L. AlCCAswad, "Promoting transparency and standardization in
ophthalmologic artificial intelligence: a call for artificial intelligence model card"”, Asia-
Pacific Journal of Ophthalmology, wvol. 11, no. 3, p. 215-218, 2022.
https://doi.org/10.1097/ap0.0000000000000469

[43] D. Rao, M. Sindal, S. Sengupta, P. Baskaran, R. Venkatesh, A. Sivaramanet al.,
"Towards a device agnostic ai for diabetic retinopathy screening: an external validation
study”, Clinical Ophthalmology, vol. \olume 16, p. 2659-2667, 2022.
https://doi.org/10.2147/opth.s369675

[44] D. Musetti, C. Cutolo, M. Bonetto, M. Giacomini, D. Maggi, G. Vivianiet al.,
"Autonomous artificial intelligence versus teleophthalmology for diabetic retinopathy”,
European Journal of Ophthalmology, wvol. 35, no. 1, p. 232-238, 2024.
https://doi.org/10.1177/11206721241248856

[45] F. Sorrentino, L. Gardini, L. Fontana, M. Musa, A. Gabai, A. Maniaciet al., "Novel
approaches for early detection of retinal diseases using artificial intelligence”, Journal of
Personalized Medicine, vol. 14, no. 7, p. 690, 2024. https://doi.org/10.3390/jpm14070690

[46] S. Morrison, D. Dukhovny, R. Chan, M. Chiang, & J. Campbell, "Cost-effectiveness of
artificial intelligence—based retinopathy of prematurity screening”, Jama Ophthalmology, vol.
140, no. 4, p. 401, 2022. https://doi.org/10.1001/jamaophthalmol.2022.0223


https://doi.org/10.1101/2025.03.29.25324873
http://creativecommons.org/licenses/by/4.0/

