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Abstract 

India is in the middle of a twofold, interrelated epidemic of diabetes and its most sight-threatening 

complication, diabetic retinopathy (DR). Diabetes exists with an estimated 80 million people and 

a significant number go undiagnosed or are not well managed and the condition of DR is 

overwhelming. The long-latent and painless characteristics of early-stage DR imply that a patient 

will lose vision by the time he or she comes to the facility. The traditional screening paradigm, 

which is based on testing by doctors with limited time (ophthalmologists), does not have the 

capacity to reach the enormous population at risk particularly in rural settings and other areas 

with limited resources. Deep learning algorithms, or rather Artificial Intelligence (AI), have 

proved to be a game-changer method. Such algorithms, solid up to the same level of precision as 

human specialists in the study of retinal fundus photographs, provide scalability, real-time, and 

low cost-approach to mass screening. This review brings into the open the mystery behind these 

algorithms, assessments on the landmark clinical achievements that allow the use of such 

algorithms, and the feasibility of practicable models of application of these algorithms to the 

particular fabric of the Indian healthcare system. Moreover, it also critically examines the major 

practical issues tackled in the real world-quality of images and the digital divide, regulatory 

barriers and the loop of the referral factors-that have to be addressed. Finally, at the end of the 

day, AI does not promise to take the job of ophthalmologists, but enable a revolution in public 

health, make DR screening accessible to all and stop millions of cases of preventable blindness in 

India. 
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Introduction 

A diabetic micro-vascular complication, Diabetic Retinopathy (DR) is now becoming one of the 

leading causes of blindness that can be prevented in India. As more than 200 million people live 

in the nation where the numbers of diabetics are now second highest in the world (it is predicted 

that in 2045 the country will have more than 134 million diabetics), the pressure of DR is now out 

of control. Although proper treatment options in the form of laser photocoagulation and intravitreal 

administration of anti- vegetables exist, treatment efforts become effective only when DR is 

detected at its early stages when it remains asymptomatic. However, regrettably, more than half of 

all the individuals with diabetes in India have never had their eyes checked, leaving an enormous 

percentage of the population blind forever. The conventional approach to screening DR, which 

involves the specialization of oculists to conduct eye examinations (including looking at the 

retina), cannot keep up with the numbers and intensity needed, particularly in underserved, rural 

regions where healthcare provision to underserved populations is minimal. To make matters worse 

are the logistical and financial inaccessibility of frequent eye tests, as well as a dire gap between 

the cities and rural areas in the access to qualified retinal experts. With this public health crisis, 

Artificial Intelligence (AI), especially by the means of deep learning algorithms, provides a 

disruptive solution. Sophisticated Fields of AI can be trained to diagnose retinal fundus 

photographs using artificial intelligence and can detect indicators of DR as well as experienced 

ophthalmologists. These devices can screen in real time, automatically and cost-effectively, hence 

expanding access and decreasing status to specific care. This document discusses the recent 

development of AI in the process of DR screening in India. It takes a critical look at the technology 

involved in AI-based diagnostic systems, assesses the most important clinical evidence-such as 

India-specific validation studies, and speaks of scalable models of implementation that are fit to 

be implemented in the Indian job. It also focuses on the pragmatic difficulties and ethics of the 

real-life implementation, and invoking the future of AI and how it would be transforming the 

practice of ophthalmic care in India. 

The Silent Epidemic: Diabetic Retinopathy in India 

India currently bears the unfortunate distinction of having the second-largest diabetic population 

in the world, a number projected to exceed 134 million by 2045 [1]. This explosion in diabetes 

prevalence has created a parallel, and largely hidden, public health crisis: diabetic retinopathy. DR 

is a microvascular complication of diabetes and a leading cause of preventable blindness among 

working-age adults. It is estimated that approximately 18-20% of people with diabetes in India 

have DR, with a significant fraction having sight-threatening stages of the disease [2, 3]. 
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The pathophysiology of DR is insidious. In its early, non-proliferative stages (NPDR), it is often 

asymptomatic. Patients may have microaneurysms, hemorrhages, and exudates without any 

perceptible change in their vision. It is only in the later, proliferative stages (PDR) or when diabetic 

macular edema (DME) develops that vision becomes significantly impaired. The tragedy lies in 

the fact that effective, vision-saving treatments, such as laser photocoagulation and intravitreal 

anti-VEGF injections, are readily available but are most effective when initiated before irreversible 

damage occurs [4]. 

This underscores the absolute necessity of systematic screening. The standard recommendation is 

for annual retinal examinations for all individuals with diabetes. However, fulfilling this mandate 

in India is a Herculean task. The country has a severe shortage of ophthalmologists and trained 

retinal specialists, with a skewed distribution favouring urban centres [5]. A patient in a remote 

village in Punjab or Tamil Nadu faces immense logistical and financial barriers to accessing an 

annual eye check-up. The result is a catastrophic screening gap: it is estimated that over 50% of 

Indians with diabetes have never had their eyes examined [6]. This is the gap that AI is uniquely 

positioned to fill. 

 Demystifying the "Black Box": How AI Reads a Retina 

For many clinicians, AI can seem like an impenetrable "black box." However, the underlying 

concept is rooted in pattern recognition, much like human clinical diagnosis. The technology 

driving DR screening is a subset of AI called deep learning. 

 Deep Learning and Convolutional Neural Networks (CNNs): A CNN is a type of deep learning 

model inspired by the human visual cortex. It is "trained" rather than explicitly programmed. To 

create a DR screening algorithm, developers feed a CNN hundreds of thousands, or even millions, 

of retinal fundus images that have been meticulously graded by human experts [7]. The network 

learns, through iterative processes, to identify the subtle patterns and features associated with 

DR—the red dots of microaneurysms, the flame shapes of hemorrhages, the yellow spots of hard 

exudates, and the fine fronds of neovascularization. 

 The Output: From Grading to Referral: After training, the algorithm can be presented with a 

new, unseen retinal image and, within seconds, produce an output. Most AI systems designed for 

screening provide a binary result: "Referable DR" or "Non-Referable DR." Referable DR 

typically includes moderate NPDR or worse, and/or the presence of DME [8]. This simple, 

actionable output is ideal for a primary care setting, where the goal is not to grade the disease 

precisely but to identify who needs to be sent to an ophthalmologist. Some more advanced AIs can 
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also provide a detailed grading based on the Early Treatment Diabetic Retinopathy Study (ETDRS) 

scale, which can be useful for disease monitoring. 

The Evidence Base: Landmark Trials and Key Algorithms 

The transition of AI from a research concept to a clinical tool has been underpinned by robust 

validation studies. A pivotal moment was the 2018 FDA approval of the first autonomous AI 

system, IDx-DR, which could provide a screening result without the need for an ophthalmologist 

to review the image. The clinical study for IDx-DR demonstrated a sensitivity of 87% and a 

specificity of 90% for detecting referable DR [9]. Another prominent system, the EyeArt system, 

achieved FDA clearance with a demonstrated sensitivity of 96% and specificity of 88% [10]. 

Crucially, these technologies have been validated in the Indian context. Several India-based AI 

platforms have emerged and shown excellent performance on Indian retinal images, which can 

have different characteristics (e.g., pigmentation) than Caucasian eyes. 

 Remidio's Medios AI: This Bengaluru-based platform, often integrated with their smartphone-

based fundus cameras, has been extensively validated. Studies have shown its sensitivity and 

specificity for detecting referable DR to be upwards of 92% and 94%, respectively, making it a 

powerful tool for field deployment [11]. 

 Netra.AI: Another leading Indian platform, developed by Sankara Eye Foundation and Leben 

Care, has also demonstrated high accuracy in detecting DR and other retinal conditions from 

fundus images [12]. 

The collective evidence is clear: well-developed AI algorithms can detect referable DR with a 

level of accuracy that meets or exceeds that of trained human graders, and they can do so 

instantaneously. 

From Code to Clinic: Models for Implementation in India 

The true test of AI is not its accuracy in a trial, but its successful integration into a complex 

healthcare system. In India, several implementation models are being explored: 

 Model A: Integration into Public Health Infrastructure: This is perhaps the most impactful 

model. Technicians at Primary Health Centres (PHCs) and the national network of Health and 

Wellness Centres (HWCs) under the Ayushman Bharat scheme are equipped with a non-mydriatic 

fundus camera. A person with diabetes walks in, has a picture taken, and the AI (often working 

offline on a tablet or laptop) provides an instant report. If it's "Referable," the patient is guided to 
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a district hospital ophthalmologist. This model decentralizes screening to the community level 

[13]. 

 Model B: Mobile Screening Vans: To reach the most remote populations, fully equipped mobile 

vans staffed by a technician and a health worker can travel from village to village. This "camp-

based" model utilizes AI to provide on-the-spot screening, overcoming geographical barriers. 

 Model C: Diabetology and Physician Clinics: The most common point of care for a person with 

diabetes is the diabetologist or general physician. Integrating AI screening into these clinics creates 

a "one-stop-shop" model. A patient getting their HbA1c checked can simultaneously have their 

retina screened, dramatically increasing screening uptake and convenience [14]. 

 Model D: Public-Private Partnerships: Leveraging the vast network of private optical shops and 

vision centres as screening hubs. A trained optometrist or technician can perform the screening, 

with the AI report guiding referral to a partner hospital. 

 Overcoming Hurdles: The Challenges of Real-World Deployment in India 

The path from algorithm to widespread implementation is fraught with challenges that are 

particularly acute in the Indian context. 

 Image Quality and Ungradable Images: The performance of any AI is contingent on the quality 

of the input image. In the real world, factors like small pupils, media opacities (the high prevalence 

of cataracts in India is a major issue), and poor photographer technique can lead to ungradable 

images. Real-world ungradable rates can be as high as 10-20%, and these patients still require 

referral to an ophthalmologist, impacting workflow efficiency [15]. 

 The Infrastructure and Digital Divide: While some AI can work offline, many rely on the cloud, 

requiring stable internet connectivity which is often lacking in rural areas. The high cost of high-

quality fundus cameras remains a significant barrier for widespread procurement in the public 

sector. Reliable electricity and dust-free environments for operating sensitive equipment are also 

practical concerns. 

 Regulatory and Data Security: While the CDSCO has begun to formulate pathways for 

regulating software as a medical device (SaMD), the regulatory landscape is still evolving. 

Ensuring the security and privacy of sensitive patient data on cloud-based platforms is a major 

concern that requires robust, government-mandated protocols [16]. 

 Human Factors and Acceptance: Technology is only one part of the solution. Technicians must 

be adequately trained in capturing good quality images. Ophthalmologists may exhibit skepticism 

or resistance to adopting a technology they perceive as a threat. Most importantly, patients must 

trust the recommendation and adhere to the referral. 
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 Closing the Referral Loop: This is arguably the single greatest challenge. Identifying a patient 

with referable DR is useless if they do not subsequently see an ophthalmologist and receive 

treatment. Successful AI screening programs must incorporate strong patient counselling, robust 

tracking systems, and well-defined referral pathways to ensure the "last mile" of care is completed 

[17]. 

The Future of AI in Indian Ophthalmology 

The current focus is on screening for DR, but this is just the beginning. The future is incredibly 

exciting: 

 Beyond DR: The same fundus photograph used to screen for DR can be analyzed by other AI 

algorithms to simultaneously screen for glaucoma (by assessing the optic disc), age-related 

macular degeneration, and even cardiovascular risk factors (by analyzing retinal vessel calibre) 

[18]. 

 Predictive Analytics: AI models are being developed that can predict the risk of DR progression 

by integrating imaging data with clinical information like HbA1c, blood pressure, and duration of 

diabetes. This will allow for personalized screening intervals and preventative care. 

 Automated OCT Analysis: AI is also being applied to Optical Coherence Tomography (OCT) 

scans to automatically quantify diabetic macular edema, guiding treatment decisions for retinal 

specialists. 

Conclusion 

Diabetic retinopathy in India is a public health emergency that demands a paradigm shift in our 

approach to screening. Artificial intelligence is not a futuristic promise; it is a validated, powerful 

tool available today. By enabling rapid, accurate, and scalable screening at the point of primary 

care, AI has the potential to break down long-standing barriers of geography and access. It can 

empower healthcare workers, streamline workflows, and allow ophthalmologists to focus their 

expertise on treatment rather than screening. However, technology alone is not a panacea. The 

success of AI in combating the DR epidemic will depend entirely on our ability to build a 

supportive ecosystem around it—one with robust infrastructure, clear regulations, strong referral 

pathways, and a focus on the complete patient journey. If implemented thoughtfully, AI will be 

the most powerful ally India has in the fight to save sight from diabetes. 
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