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Abstract 

Diabetes mellitus and diabetic retinopathy represent major global public health challenges associated with 

significant morbidity, visual impairment, mortality, and economic burden. Diabetic retinopathy, a leading 

microvascular complication of diabetes mellitus, remains one of the primary causes of preventable 

blindness among working-age adults worldwide. The increasing prevalence of diabetes, particularly in 

low- and middle-income countries, has intensified the need for cost-effective preventive and management 

strategies capable of reducing disease progression, healthcare expenditure, and visual disability. This 

review aimed to evaluate current cost-effective strategies employed in the prevention, screening, and 

management of diabetes mellitus and diabetic retinopathy. 

Relevant literature was obtained from electronic databases including PubMed, Scopus, Google Scholar, 

ScienceDirect, and ResearchGate using keywords related to diabetes mellitus, diabetic retinopathy, cost-

effectiveness, prevention, screening, teleophthalmology, and healthcare economics. Evidence from peer-

reviewed articles, clinical trials, guidelines, and systematic reviews was critically analyzed. 

Findings from the review indicate that preventive healthcare approaches such as lifestyle modification, 

glycaemic control, blood pressure and lipid management, patient education, and routine retinal screening 

significantly reduce the incidence and progression of diabetic retinopathy while lowering long-term 

healthcare costs. Technological innovations including teleophthalmology, artificial intelligence-assisted 

retinal screening, and portable retinal imaging systems have further improved accessibility, efficiency, and 

affordability of diabetic eye care services. Despite these advances, challenges such as poor awareness, 

inadequate healthcare infrastructure, high treatment costs, and limited specialist availability continue to 
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affect effective disease management. 

In conclusion, investment in preventive care, early detection, integrated healthcare delivery, and affordable 

screening technologies remains essential for reducing blindness, improving patient outcomes, and 

minimizing the economic burden associated with diabetes mellitus and diabetic retinopathy. 

Keywords: Diabetes Mellitus; Diabetic Retinopathy; Cost-Effectiveness; Retinal Screening; 

Teleophthalmology. 

1.  INTRODUCTION 

Diabetes mellitus (DM) is one of the most significant non-communicable diseases affecting global 

public health, with a rapidly increasing prevalence across both developed and developing nations [1]. 

Characterized by chronic hyperglycaemia resulting from defects in insulin secretion, insulin action, or 

both, diabetes is associated with numerous systemic complications that contribute substantially to 

morbidity, mortality, and healthcare expenditure. According to the International Diabetes Federation 

[2], hundreds of millions of people worldwide currently live with diabetes, and this number is projected 

to rise considerably in the coming decades due to urbanization, sedentary lifestyles, obesity, population 

aging, and unhealthy dietary habits. The disease places a significant socioeconomic burden on 

individuals, healthcare systems, and governments, particularly in low- and middle-income countries 

where access to healthcare resources remains limited [3]. 

Among the various complications of DM, diabetic retinopathy (DR) remains one of the most 

common and vision-threatening microvascular complications. DR is characterized by progressive 

retinal vascular damage resulting from prolonged hyperglycaemia and is a leading cause of preventable 

blindness among working-age adults globally. The condition often progresses silently in its early stages, 

with many patients remaining asymptomatic until irreversible visual impairment develops [4]. In 

addition to reducing quality of life, visual disability caused by DR contributes significantly to 

productivity loss, increased dependency, and escalating healthcare costs [5]. 

The growing prevalence of DM and DR has intensified the need for effective and economically 

sustainable healthcare strategies. Although substantial advances have been made in the diagnosis, 

monitoring, and treatment of both conditions—including pharmacological therapy, laser 

photocoagulation, intravitreal anti-vascular endothelial growth factor (anti-VEGF) injections, retinal 

imaging technologies, and lifestyle interventions—the financial burden associated with long-term 

disease management remains considerable [6]. In many healthcare settings, especially resource-

constrained environments, the high cost of treatment and inadequate access to specialized eye care 

services hinder optimal disease control and timely intervention [7] 

Cost-effective healthcare strategies have therefore emerged as an essential component in the 

prevention and management of DM and DR. Cost-effectiveness in healthcare refers to interventions 

that provide optimal clinical outcomes while minimizing financial expenditure and resource utilization. 

Preventive approaches such as early screening, patient education, glycaemic control, lifestyle 

modification, teleophthalmology, and community-based healthcare programs have demonstrated 

significant potential in reducing disease progression, visual impairment, and overall healthcare costs 

[8]. Furthermore, advances in digital retinal imaging, artificial intelligence-assisted screening systems, 

and integrated diabetes care models may improve accessibility and affordability of diabetic eye care 

services, particularly in underserved populations [9]. 

Understanding the economic implications of diabetes care is critical for policymakers, clinicians, 

researchers, and healthcare administrators in designing sustainable healthcare systems capable of 

managing the increasing disease burden. Evaluating the cost-effectiveness of various preventive and 
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therapeutic interventions can help optimize resource allocation, improve patient outcomes, and reduce 

the long-term economic impact associated with diabetes-related complications. 

Therefore, this comprehensive review aims to examine the cost-effective strategies currently 

employed in the prevention and management of DM and DR. The review further explores the economic 

burden of these conditions, evaluates existing therapeutic and screening approaches, and highlights 

emerging innovations that may enhance the accessibility, efficiency, and affordability of diabetes and 

DR care globally. 

2.  METHODOLOGY 

This study was conducted as a comprehensive narrative review with the aim of evaluating cost-

effective strategies employed in the prevention and management of DM and DR. Relevant literature 

was systematically searched and critically reviewed to provide current evidence on the economic and 

clinical effectiveness of various preventive, diagnostic, and therapeutic interventions associated with 

both conditions. Generative AI was used for data search, correction of grammar and ensure the right 

research language is used. 

2.1.  Literature Search Strategy 

A comprehensive electronic search of scientific databases was performed using databases 

including Google Scholar, PubMed, Scopus, ScienceDirect, and ResearchGate. Published articles, 

review papers, clinical studies, guidelines, and reports related to diabetes mellitus, diabetic retinopathy, 

healthcare economics, and cost-effective management strategies were retrieved. 

The search was conducted using combinations of relevant keywords and Medical Subject 

Headings (MeSH) terms, including: “Diabetes Mellitus,” “Diabetic Retinopathy,” “Cost-effectiveness,” 

“Economic burden,” “Prevention,” “Management,” “Screening,” “Teleophthalmology,” “Anti-VEGF 

therapy,” “Lifestyle intervention,” and “Healthcare costs.” Boolean operators such as AND, OR, and 

NOT were employed to refine and optimize the search results. 

2.2.  Inclusion and Exclusion Criteria 

Articles included in this review were: 

⚫ Published in English language; 

⚫ Peer-reviewed; 

⚫ Focused on DM and/or DR; 

⚫ Addressed preventive, diagnostic, therapeutic, or economic aspects of disease management; 

⚫ Published within the last 10-15 years to ensure current and relevant evidence. 

Studies were excluded if they were duplicate publications, lacked sufficient methodological detail, 

were unrelated to cost-effective strategies or economic evaluation, consisted solely of conference 

abstracts without full-text availability. 

2.3.  Data Extraction and Analysis 

Relevant data were extracted from selected studies and organized according to study objectives, 

methodology, intervention type, outcomes, and major findings. Particular attention was given to 

interventions demonstrating clinical efficacy alongside reduced healthcare expenditure or improved 

resource utilization. 

The extracted information was subsequently grouped into thematic areas, including prevention and 

lifestyle modification, glycaemic control strategies, screening and early detection of DR, 

pharmacological and surgical interventions, telemedicine and artificial intelligence applications, and 

public health and community-based approaches. 
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A qualitative synthesis of findings was performed to compare the effectiveness, accessibility, and 

economic implications of various management strategies. Emphasis was placed on interventions 

applicable to low- and middle-income countries where healthcare resources are often limited. 

 

3.  ECONOMIC BURDEN OF DM AND DR 

The economic burden associated with DM and DR is enormous and continues to rise globally due 

to increasing disease prevalence, prolonged life expectancy, urbanization, and lifestyle changes [10]. 

The chronic nature of diabetes requires lifelong monitoring and continuous medical care, thereby 

placing substantial pressure on healthcare systems, governments, caregivers, and patients. The financial 

impact extends beyond direct medical costs to include indirect costs such as loss of productivity, 

reduced quality of life, disability, premature mortality, and caregiver expenses [11]. 

DR further compounds this burden because visual impairment often results in unemployment, 

dependency, psychological distress, and increased healthcare utilization [12]. In many developing 

countries, late presentation of diabetic complications due to poverty, poor awareness, and inadequate 

healthcare access significantly increases treatment costs and worsens patient outcomes [13]. 

The economic burden can be categorized into several major components including hospitalization, 

medications, laboratory investigations, retinal imaging, surgical procedures, and follow-up care. 

3.1.  Hospitalization 

Hospitalization constitutes one of the largest contributors to the economic burden of DM and DR 

[14]. Patients with poorly controlled diabetes frequently require hospital admission due to acute and 

chronic complications such as diabetic ketoacidosis, hyperosmolar hyperglycaemic state, severe 

hypoglycaemia, cardiovascular diseases, diabetic foot ulcers, nephropathy, stroke, and severe ocular 

complications [15]. 

Hospital admission costs are often high because they involve bed occupancy charges, emergency 

care services, intensive care unit (ICU) management, physician consultation fees, nursing care, 

medication administration, diagnostic procedures, surgical interventions and rehabilitation services. 

In patients with DR, hospitalization may become necessary when complications such as vitreous 

hemorrhage, retinal detachment, neovascular glaucoma, or severe diabetic macular edema occur [15,16]. 

These advanced conditions often require multidisciplinary care involving ophthalmologists, 

endocrinologists, optometrists, internists, and surgeons, thereby increasing treatment costs. 

Frequent hospital admissions also contribute to indirect financial losses due to loss of income, 

absence from work, reduced productivity, transportation expenses, and caregiver burden. 

In low-income settings where health insurance coverage is limited, many patients pay out-of-

pocket for hospitalization, resulting in catastrophic healthcare expenditure and financial hardship [16]. 

Consequently, preventive measures such as early diagnosis, glycaemic control, lifestyle modification, 

and routine retinal screening are considerably more cost-effective than recurrent hospitalization for 

advanced disease complications. 

3.2.  Medications 

Medication costs represent another major component of diabetes-related healthcare expenditure. 

Since DM is a lifelong disease, patients often require continuous pharmacological therapy for glycaemic 

control as well as treatment of associated comorbidities and complications [6]. 

Common medications used in diabetes management include insulin preparations, metformin, 

sulfonylureas, DPP-4 inhibitors, SGLT2 inhibitors, GLP-1 receptor agonists, antihypertensive drugs, 

lipid-lowering agents and antiplatelet drugs. 
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The cumulative cost of these medications can be substantial, especially when multiple drug 

combinations are required. Newer antidiabetic agents, although effective, are often expensive and 

inaccessible to many patients in developing countries. 

In DR management, pharmacological expenses increase further due to the use of intravitreal anti-

vascular endothelial growth factor (anti-VEGF) agents such as: 

⚫ Bevacizumab 

⚫ Ranibizumab 

⚫ Aflibercept 

These medications often require repeated injections over long periods, making treatment 

financially burdensome. Patients may require monthly or bimonthly injections, in addition to retinal 

imaging and specialist consultations [18]. 

Medication non-adherence resulting from high costs frequently leads to poor glycaemic control 

and disease progression, thereby increasing the likelihood of severe complications and hospitalization. 

Therefore, the use of affordable generic medications, biosimilars, government subsidies, and health 

insurance schemes can significantly reduce the economic burden associated with long-term 

pharmacotherapy [19]. 

3.3.  Laboratory Investigations 

Laboratory investigations are essential in the diagnosis, monitoring, and management of DM and 

its complications. Although individually some tests may appear inexpensive, the cumulative cost over 

a patient’s lifetime becomes substantial due to the chronic nature of the disease [20]. 

Routine laboratory investigations commonly performed in diabetic patients include: 

⚫ Fasting blood glucose 

⚫ Random blood glucose 

⚫ Oral glucose tolerance test 

⚫ Glycated hemoglobin (HbA1c) 

⚫ Lipid profile 

⚫ Kidney function tests 

⚫ Urinalysis 

⚫ Microalbuminuria testing 

⚫ Liver function tests 

⚫ Electrolyte assessment 

HbA1c testing is particularly important because it provides information about long-term glycaemic 

control and helps guide treatment decisions. However, repeated HbA1c testing every 2-3 months may 

become financially challenging for many patients in low-resource settings [21]. 

Patients with DR may also require additional investigations to assess systemic disease progression 

and risk factors associated with retinal damage [20]. Repeated laboratory monitoring contributes 

significantly to healthcare expenditure, especially in healthcare systems lacking adequate insurance 

coverage. Limited access to affordable laboratory services often leads to delayed diagnosis and poor 

disease monitoring, which may ultimately increase long-term treatment costs due to preventable 

complications. Investment in low-cost diagnostic technologies, community screening programs, and 

subsidized laboratory services may improve early disease detection while reducing the financial burden 

associated with advanced complications [22]. 

3.4.  Retinal Imaging 

Retinal imaging plays a central role in the screening, diagnosis, monitoring, and treatment planning 

of DR. However, the cost of retinal imaging equipment, maintenance, specialist interpretation, and 

repeated examinations contributes substantially to the economic burden of diabetic eye care. 



 

 

Advances in Medical Sciences and Research (AMSR) 

  

125 

Common retinal imaging modalities include fundus photography, optical coherence tomography 

(OCT), fluorescein angiography, fundus autofluorescence imaging and OCT angiography. 

OCT is particularly useful in detecting diabetic macular edema and monitoring response to 

treatment. However, OCT machines are expensive to acquire and maintain, making access difficult in 

many developing countries [23]. Patients undergoing anti-VEGF therapy often require repeated retinal 

imaging during follow-up visits to evaluate disease progression and treatment response. This repetitive 

monitoring increases cumulative healthcare costs significantly [24]. 

In rural and underserved communities, lack of retinal imaging facilities contributes to delayed 

diagnosis and increased prevalence of preventable blindness. To address this challenge, cost-effective 

alternatives such as portable retinal cameras, smartphone-based fundus photography, and 

teleophthalmology have been introduced [25]. These technologies reduce transportation costs, improve 

accessibility, and enhance early detection of DR. 

Artificial intelligence-assisted retinal screening systems may further reduce costs by minimizing 

dependence on specialist interpretation while improving screening efficiency [24,45]. 

3.5.  Surgical Procedures 

Surgical procedures for advanced diabetic complications contribute significantly to healthcare 

expenditure. In DR, surgery is often required when irreversible retinal damage or vision-threatening 

complications develop. 

Common ophthalmic surgical procedures include: 

⚫ Vitrectomy 

⚫ Retinal detachment repair 

⚫ Cataract surgery 

⚫ Glaucoma surgery 

⚫ Laser photocoagulation [25] 

Vitrectomy is one of the most expensive procedures in diabetic eye care because it requires: 

⚫ Specialized vitreoretinal surgical equipment 

⚫ Highly trained surgeons 

⚫ Operating theatre facilities 

⚫ Postoperative medications 

⚫ Extended follow-up care [26] 

Patients with proliferative DR complicated by vitreous hemorrhage or tractional retinal 

detachment often require vitrectomy to preserve vision. However, surgery is usually more expensive 

than preventive interventions such as regular screening and early laser therapy [25]. 

Diabetes also increases the risk of cataract formation, necessitating cataract surgery at earlier ages. 

Furthermore, poor wound healing and increased risk of postoperative infection in diabetic patients may 

increase treatment complexity and costs. 

Laser photocoagulation remains relatively cost-effective compared to repeated intravitreal 

injections and advanced surgical interventions. Early treatment through laser therapy may prevent 

progression to severe disease requiring costly surgery [6]. 

The financial burden of surgery is particularly devastating in low-resource settings where patients 

frequently lack insurance coverage and specialized ophthalmic facilities are scarce [27] 

3.6.  Follow-Up Care 

Follow-up care is an essential aspect of DM and DR management because both conditions require 

lifelong monitoring. Continuous follow-up helps evaluate treatment effectiveness, monitor disease 

progression, detect complications early, and reinforce patient compliance [28] 

Follow-up care may involve: 
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⚫ Routine clinical consultations 

⚫ Blood glucose monitoring 

⚫ HbA1c testing 

⚫ Blood pressure assessment 

⚫ Retinal examinations 

⚫ Medication adjustments 

⚫ Lifestyle counseling 

⚫ Imaging studies 

⚫ Post-treatment monitoring [29] 

Patients receiving anti-VEGF injections require frequent follow-up visits to determine treatment 

response and need for reinjection. Similarly, patients who undergo laser therapy or vitreoretinal surgery 

require long-term ophthalmic evaluation. 

The cumulative cost of repeated hospital visits, transportation, consultation fees, diagnostic tests, 

and medications creates a substantial economic burden, especially for elderly patients and individuals 

living in remote areas. 

Poor follow-up compliance is common among diabetic patients due to financial constraints, poor 

awareness, transportation difficulties, and limited healthcare accessibility. This often results in delayed 

detection of complications and poorer visual outcomes [28,29] 

Cost-effective follow-up strategies such as: 

⚫ Telemedicine 

⚫ Community outreach programs 

⚫ Mobile eye clinics 

⚫ Integrated diabetic care services 

⚫ Digital health monitoring systems [29] 

Can significantly reduce healthcare costs while improving patient adherence and clinical outcomes. 

Ultimately, preventive care, patient education, and early intervention remain more economically 

sustainable than managing advanced diabetic complications requiring extensive follow-up and 

rehabilitation [30]. 

4.  COST-EFFECTIVE STRATEGIES IN THE PREVENTION OF DM AND DR 

Preventive healthcare strategies remain the most economically sustainable approach in reducing 

the global burden of DM and DR. Prevention not only minimizes disease incidence and progression but 

also reduces healthcare expenditure associated with hospitalization, medications, surgery, visual 

rehabilitation, and loss of productivity. Because diabetes is a chronic disease with lifelong implications, 

interventions aimed at preventing complications are considerably more cost-effective than treating 

advanced disease. 

Several preventive strategies have proven effective in reducing the incidence and progression of 

DM and DR, particularly lifestyle modification and health education, glycaemic control, and blood 

pressure and lipid control [31]. 

4.1.  Lifestyle Modification and Health Education 

Lifestyle modification is one of the most effective and affordable strategies in the prevention and 

management of DM and DR. Unhealthy lifestyle behaviors such as physical inactivity, unhealthy diet, 

obesity, smoking, excessive alcohol consumption, and chronic stress significantly contribute to the 

development and progression of Type 2 DM and its complications. 
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Lifestyle intervention programs are considered highly cost-effective because they reduce 

dependence on expensive medications, minimize complications, and improve overall health outcomes 

[32]. 

4.1.1.  Dietary Modification 

Healthy dietary practices play a central role in diabetes prevention and control. Diets rich in fruits, 

vegetables, whole grains, legumes, and lean proteins help improve insulin sensitivity and maintain 

optimal blood glucose levels. Conversely, excessive intake of refined carbohydrates, saturated fats, 

sugary beverages, and processed foods contributes to obesity and insulin resistance. 

Nutritional counseling encourages patients to reduce caloric intake, limit sugar consumption, 

increase dietary fiber intake, consume balanced meals, control portion sizes and reduce salt and 

unhealthy fat intake. Cost-effective nutritional interventions can significantly lower the risk of diabetic 

complications and reduce long-term healthcare costs. Community nutrition education programs are 

especially beneficial in low-resource settings where access to specialized diabetic care may be limited 

[32]. 

4.1.2.  Physical Activity and Exercise 

Regular physical activity improves glucose metabolism, promotes weight loss, enhances 

cardiovascular health, and increases insulin sensitivity [34]. Exercise also contributes to improved 

blood circulation and reduced systemic inflammation, thereby lowering the risk of DR progression. 

Recommended physical activities include, walking, jogging, cycling, swimming, aerobic exercises 

and resistance training. 

Exercise is one of the most affordable preventive strategies because it requires minimal financial 

investment while offering substantial health benefits. Regular physical activity reduces the likelihood 

of obesity, hypertension, dyslipidaemia, and cardiovascular diseases, all of which are major risk factors 

for diabetes and diabetic retinopathy. 

Additionally, exercise reduces healthcare expenditure by decreasing the frequency of 

hospitalization and need for intensive pharmacological interventions [30]. 

4.1.3.  Weight Management 

Obesity is strongly associated with insulin resistance and Type 2 DM. Weight reduction through 

proper diet and exercise significantly lowers the risk of developing diabetes and delays disease 

progression in already diagnosed individuals. 

Even modest weight loss can: 

⚫ Improve glycaemic control 

⚫ Reduce blood pressure 

⚫ Improve lipid profile 

⚫ Lower cardiovascular risk 

⚫ Reduce retinal vascular damage 

Weight management programs are highly cost-effective because they prevent complications that 

would otherwise require expensive long-term treatment [22]. 

4.1.4  Smoking Cessation and Alcohol Reduction 

Smoking contributes to vascular dysfunction, oxidative stress, and inflammation, thereby 

worsening diabetic complications including DR [27]. Excessive alcohol intake also negatively affects 

glucose metabolism and increases cardiovascular risk. 

Smoking cessation and reduction of alcohol consumption: 

⚫ Improve vascular health 

⚫ Enhance treatment outcomes 

⚫ Reduce disease progression 
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⚫ Lower healthcare costs 

Public health campaigns promoting smoking cessation are inexpensive relative to the economic 

burden of advanced diabetic complications [32]. Health education is a fundamental preventive strategy 

in diabetes care. Patient awareness and understanding significantly influence disease outcomes, 

treatment adherence, and lifestyle choices [30]. 

Effective health education programs provide information regarding: 

⚫ Causes and risk factors of diabetes 

⚫ Importance of glycaemic control 

⚫ Medication adherence 

⚫ Healthy dietary habits 

⚫ Physical activity 

⚫ Blood pressure control 

⚫ Regular eye examinations 

⚫ Foot care practices 

⚫ Early symptoms of complications 

Health education empowers patients to actively participate in disease management and make 

informed healthcare decisions. Improved patient awareness promotes early presentation, regular 

screening, and better compliance with treatment regimens. 

Community outreach programs, school-based campaigns, media awareness initiatives, and 

primary healthcare education are relatively inexpensive interventions capable of reaching large 

populations. Such programs are especially important in rural and underserved communities where 

awareness of DR remains poor. 

Health education also reduces indirect economic burden by preventing disability, visual 

impairment, and productivity loss [30,37]. 

4.2.  Glycaemic Control 

Effective glycaemic control is one of the most important and evidence-based strategies for 

preventing diabetes-related complications, particularly DR. Chronic hyperglycaemia causes retinal 

microvascular damage through mechanisms involving oxidative stress, inflammation, endothelial 

dysfunction, and accumulation of advanced glycation end-products. 

Maintaining optimal blood glucose levels significantly reduces the onset and progression of DR 

and other microvascular complications [37]. 

4.2.1 Importance of Glycaemic Monitoring 

Routine monitoring of blood glucose and glycated hemoglobin (HbA1c) helps evaluate treatment 

effectiveness and guide therapeutic decisions. HbA1c provides information regarding long-term 

glycaemic control and is a strong predictor of diabetic complications. Good glycaemic control reduces 

retinal vascular damage, delays progression of DR, decreases hospitalization rates, lowers risk of 

nephropathy and neuropathy and reduces cardiovascular complications. Although continuous 

monitoring may involve some financial cost, it remains considerably more cost-effective than treating 

advanced diabetic complications requiring surgery or prolonged hospitalization [39]. 

4.3.  Medication Adherence 

Proper adherence to prescribed medications is essential for maintaining stable glycaemic levels. 

Poor adherence often results in fluctuating blood glucose levels and accelerated progression of DR.. 

Medication adherence may be improved through patient counseling, simplified treatment regimens, 

affordable medications, health insurance support and community pharmacy programs. Use of affordable 

generic antidiabetic drugs can significantly reduce treatment costs while maintaining therapeutic 

effectiveness [40] 
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4.4.  Early Intervention 

Early diagnosis and prompt initiation of treatment improve long-term outcomes and reduce 

healthcare expenditure. Individuals with pre-diabetes may prevent progression to overt diabetes through 

lifestyle interventions and early medical management. 

Timely glycaemic control is particularly important because retinal damage occurring in DR is often 

irreversible once advanced stages develop [16]. 

4.5.  Self-Monitoring and Digital Health Technologies 

Self-monitoring of blood glucose allows patients to detect abnormal glucose levels early and make 

appropriate lifestyle or medication adjustments. 

Emerging digital technologies such as mobile health applications, continuous glucose monitoring 

systems, telemedicine platforms and remote patient monitoring improve glycaemic management and 

patient compliance. Although some technologies may initially appear expensive, they often reduce 

long-term costs by preventing severe complications and reducing hospital admissions [48]. 

4.6.  Blood Pressure and Lipid Control 

Hypertension and dyslipidaemia are important risk factors for the development and progression of 

diabetic retinopathy. Effective control of blood pressure and serum lipid levels significantly reduces 

retinal vascular damage and cardiovascular complications. 

Integrated management of glycaemia, blood pressure, and lipids is more cost-effective than 

treating complications after disease progression [44] 

4.6.1. Blood Pressure Control 

Hypertension accelerates retinal microvascular damage by increasing vascular permeability, 

endothelial dysfunction, and retinal ischemia. Elevated blood pressure is strongly associated with 

progression of DR and increased risk of visual impairment. 

Effective blood pressure management involves lifestyle modification, salt restriction, weight 

reduction, physical activity and antihypertensive medications 

Common antihypertensive drugs used in diabetic patients include: 

⚫ ACE inhibitors 

⚫ Angiotensin receptor blockers (ARBs) 

⚫ Calcium channel blockers 

⚫ Diuretics 

Blood pressure control significantly reduces retinal hemorrhages, macular edema, cardiovascular 

complications, risk of stroke and kidney disease. Preventing these complications reduces hospitalization 

rates and overall healthcare costs [44,48]. 

4.6.2. Lipid Control 

Dyslipidaemia contributes to retinal vascular leakage, hard exudate formation, and progression of 

diabetic macular edema. Elevated serum cholesterol and triglycerides are associated with worsening 

retinal pathology in diabetic patients. Lipid management strategies include dietary modification, weight 

reduction, physical exercise and Lipid-lowering medications such as statins. 

Statins not only reduce cardiovascular risk but may also contribute to stabilization of retinal 

vascular damage. Good lipid control reduces the need for surgical interventions, frequency of retinal 

edema, risk of cardiovascular disease and healthcare expenditure associated with advanced 

complications [42] 

4.7. Combined Risk Factor Management 

Simultaneous management of blood glucose, blood pressure, and lipid levels provides superior 

clinical outcomes compared to isolated treatment approaches. Multifactorial intervention significantly 
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reduces disease progression, visual impairment, hospitalization, mortality and long-term healthcare 

costs. Integrated diabetic care models involving endocrinologists, ophthalmologists, optometrists, 

nutritionists, nurses, and primary healthcare providers improve treatment efficiency and cost-

effectiveness. Ultimately, preventive strategies remain the most sustainable approach in reducing the 

growing global burden of DM and DR [49] 

5.  COST-EFFECTIVE SCREENING STRATEGIES FOR DR 

Cost-effective screening strategies focus on identifying DR before irreversible retinal damage 

occurs. Early detection allows prompt initiation of treatment, thereby reducing visual impairment, 

improving quality of life, and decreasing the financial burden associated with advanced disease 

management [47]. 

5.1.  Importance of Early Screening 

Early screening is fundamental in DR prevention because many patients remain asymptomatic 

until severe retinal damage develops. Retinal microvascular abnormalities may progress silently for 

years before visual symptoms become noticeable. 

Routine screening provides several economic and clinical benefits, including: 

⚫ Early detection of retinal changes 

⚫ Prevention of irreversible blindness 

⚫ Reduced need for complex surgical procedures 

⚫ Lower hospitalization rates 

⚫ Improved treatment outcomes 

⚫ Reduced long-term healthcare costs 

⚫ Preservation of productivity and quality of life 

Numerous studies have shown that regular diabetic eye examinations significantly reduce the risk 

of severe visual loss. Screening programs are therefore more economical than managing late-stage 

complications associated with blindness and disability [55]. 

5.2. Fundus Examination and Dilated Ophthalmoscopy 

Dilated fundus examination remains one of the traditional and widely used methods for DR 

screening. During examination, pharmacological dilation of the pupil allows detailed visualization of 

retinal structures and identification of microvascular abnormalities such as: 

⚫ Microaneurysms 

⚫ Retinal hemorrhages 

⚫ Hard exudates 

⚫ Cotton wool spots 

⚫ Neovascularization 

⚫ Macular edema 

Direct ophthalmoscopy and indirect ophthalmoscopy are relatively inexpensive screening 

techniques that can be performed in both primary and specialized healthcare settings. These methods 

are particularly valuable in low-resource environments where advanced retinal imaging technologies 

may not be readily available [56]. 

Although dilated fundus examination depends heavily on examiner expertise, it remains a cost-

effective method for identifying patients requiring further ophthalmic evaluation and treatment [52,53]. 

5.3.  Fundus Photography 

Fundus photography has become one of the most widely utilized screening tools for DR. Retinal 

photographs provide permanent documentation of retinal findings and allow comparison over time to 

monitor disease progression. 
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Advantages of fundus photography include non-invasive assessment, rapid image acquisition, 

improved screening efficiency, permanent record storage, easier patient follow-up and remote image 

interpretation. Digital fundus photography is highly cost-effective because it enables large-scale 

screening programs with fewer specialist personnel. Retinal images can be interpreted by 

ophthalmologists, optometrists, or trained graders, thereby reducing workload on eye care specialists 

[45] 

Non-mydriatic fundus cameras, which do not require pharmacological pupil dilation, further 

improve patient convenience and screening efficiency. These cameras reduce examination time and 

increase patient acceptance, making them suitable for mass screening programs. However, acquisition 

and maintenance costs of fundus cameras may pose challenges in developing countries.  

Despite this, long-term economic benefits outweigh the initial investment because early diagnosis 

prevents costly visual complications [44]. 

5.4. Optical Coherence Tomography (OCT) 

OCT is an advanced retinal imaging modality that provides high-resolution cross-sectional images 

of retinal layers. OCT is particularly valuable for detecting and monitoring diabetic macular edema 

(DME), one of the major causes of vision loss in diabetic retinopathy. 

OCT enables: 

⚫ Early detection of retinal thickening 

⚫ Quantification of macular edema 

⚫ Monitoring of treatment response 

⚫ Accurate treatment planning 

Although OCT equipment is expensive, its ability to guide timely intervention improves treatment 

outcomes and reduces unnecessary procedures. Early detection of macular edema through OCT may 

prevent severe visual impairment and reduce the need for costly surgical interventions. 

The cost-effectiveness of OCT increases when used selectively in patients with suspected macular 

involvement rather than as a universal screening tool [57]. 

5.5. Fluorescein Angiography 

Fluorescein angiography is an important diagnostic procedure used to evaluate retinal blood flow 

and vascular integrity in DR. The technique involves intravenous administration of fluorescein dye 

followed by serial retinal photography. 

Fluorescein angiography helps identify: 

⚫ Retinal ischemia 

⚫ Capillary non-perfusion 

⚫ Microaneurysms 

⚫ Neovascularization 

⚫ Macular leakage 

Although highly informative, fluorescein angiography is relatively invasive and more expensive 

than routine fundus photography. Consequently, it is generally reserved for patients with advanced or 

complicated DR rather than for routine screening purposes. 

Selective use of fluorescein angiography improves cost-effectiveness by limiting the procedure to 

cases requiring detailed vascular assessment [39,44,51] 

5.6. Teleophthalmology 

Teleophthalmology has emerged as one of the most innovative and cost-effective strategies for DR 

screening, particularly in underserved and rural communities where access to eye care specialists is 

limited [38]. 
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Teleophthalmology involves remote acquisition of retinal images, electronic transmission of 

images and remote interpretation by specialists. 

This approach significantly reduces barriers associated with: 

⚫ Geographic distance 

⚫ Transportation costs 

⚫ Shortage of specialists 

⚫ Delayed diagnosis 

⚫ Long waiting times 

Teleophthalmology screening programs allow primary healthcare workers and trained technicians 

to capture retinal images using portable fundus cameras. The images are then evaluated remotely by 

ophthalmologists or retinal specialists. The benefits of teleophthalmology include increased screening 

coverage, early referral of high-risk patients, reduced patient travel expenses, improved access to care 

and lower healthcare system burden. Teleophthalmology is particularly valuable in low- and middle-

income countries where ophthalmic services are concentrated in urban areas. By decentralizing diabetic 

eye screening services, teleophthalmology improves accessibility while minimizing healthcare costs 

[38,50] 

5.7. Artificial Intelligence-Assisted Screening 

Artificial intelligence (AI) has transformed DR screening through automated retinal image 

analysis. AI algorithms trained using large retinal image datasets can identify DR with high sensitivity 

and specificity. 

AI-assisted systems can detect: 

⚫ Microaneurysms 

⚫ Hemorrhages 

⚫ Exudates 

⚫ Neovascularization 

⚫ DME 

AI-based screening offers numerous economic advantages including reduced dependence on 

specialists, faster image interpretation, increased screening efficiency, lower labor costs, reduced 

diagnostic delays and scalability for large populations like India [45]. 

In resource-limited settings with few ophthalmologists, AI systems can substantially improve 

screening capacity while reducing healthcare expenditure. Automated screening also allows specialists 

to focus on patients requiring urgent treatment rather than routine image interpretation. 

Despite high initial implementation costs, AI-assisted screening may become highly cost-effective 

over time due to improved efficiency and reduced manpower requirements [49] 

5.8. Community-Based Screening Programs 

Community-based screening programs are effective public health strategies aimed at increasing 

awareness and accessibility of DR screening services. 

These programs may involve mobile eye clinics, outreach campaigns, screening camps, primary 

healthcare integration and school and workplace awareness initiatives [55] 

Community screening programs are particularly important in rural and underserved populations 

where healthcare access is poor. Early identification of DR through community outreach reduces late 

presentation and prevents avoidable blindness. 

Mobile screening units equipped with portable retinal cameras and trained personnel can reach 

remote communities at relatively low operational costs compared to establishing permanent specialized 

facilities. 
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Community-based approaches also improve health education and encourage regular eye 

examinations among diabetic patients [60]. 

5.9. Smartphone-Based Retinal Imaging 

Advances in smartphone technology have led to the development of smartphone-based retinal 

imaging systems for DR screening. These systems use smartphone cameras combined with retinal 

imaging adapters to capture fundus photographs. 

Advantages include low equipment cost, portability, ease of use, accessibility in remote settings, 

rapid image sharing and integration with telemedicine systems 

Smartphone-based screening may significantly improve diabetic eye care in developing countries 

where conventional retinal imaging equipment is unavailable or unaffordable. 

Although image quality may sometimes be inferior to conventional fundus cameras, smartphone 

retinal imaging remains highly valuable for preliminary screening and referral purposes [57]. 

5.10. Integration of Screening into Primary Healthcare 

Integrating DR screening into primary healthcare systems is another highly cost-effective strategy.  

Primary healthcare workers can be trained to: 

⚫ Identify high-risk patients 

⚫ Perform basic retinal screening 

⚫ Educate patients 

⚫ Facilitate referrals 

This integration improves early diagnosis and reduces patient overload in tertiary healthcare 

facilities. Routine retinal screening during diabetes clinic visits also increases compliance and reduces 

missed appointments. Collaborative care involving endocrinologists, optometrists, ophthalmologists, 

nurses, and primary healthcare workers enhances healthcare efficiency and reduces fragmentation of 

diabetic care services [58]. 

5.11. Challenges Affecting Cost-Effective Screening 

Despite advances in screening technologies, several challenges continue to limit the effectiveness 

of DR screening programs, including, poor patient awareness, high equipment costs, shortage of trained 

personnel, inadequate healthcare infrastructure, poor referral systems, limited health insurance 

coverage, geographic barriers and poor patient compliance. 

In many developing countries, patients often seek care only after visual symptoms develop, 

resulting in delayed diagnosis and higher treatment costs. 

Addressing these barriers requires, government support, increased healthcare funding, public 

awareness campaigns, training of healthcare workers, expansion of telemedicine services and 

subsidized screening programs [31,44]. 

5.12. Future Perspectives in DR Screening 

Future screening strategies are expected to become increasingly technology-driven, portable, and 

accessible. Emerging innovations include, AI-integrated portable retinal cameras, Cloud-based image 

analysis, fully automated screening systems, wearable retinal imaging devices and expanded 

telemedicine networks. These innovations may further reduce healthcare costs while increasing 

screening coverage and early detection rates. 

Ultimately, cost-effective DR screening strategies remain essential for preventing blindness, 

reducing healthcare expenditure, and improving quality of life among diabetic patients worldwide. 

 

6.  RECOMMENDATIONS 
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Based on the findings of this review, several recommendations are proposed to improve the cost-

effective prevention and management of DM and DR while reducing the growing global burden of 

visual impairment and healthcare expenditure. 

6.1. Strengthening Preventive Healthcare Programs 

Governments and healthcare institutions should prioritize preventive healthcare strategies rather 

than focusing predominantly on the treatment of advanced disease complications. Public health policies 

should emphasize early diagnosis of DM, routine DR screening, lifestyle modification programs, 

community health education and regular medical follow-up. Preventive interventions are significantly 

more cost-effective than managing advanced diabetic complications requiring hospitalization, surgery, 

and long-term rehabilitation. 

6.2. Expansion of DR Screening Services 

Comprehensive DR screening programs should be integrated into national healthcare systems, 

especially at the primary healthcare level. Routine retinal examinations should become mandatory 

components of diabetes management protocols. 

Healthcare systems should increase availability of retinal imaging facilities, establish community-

based screening programs, expand mobile eye clinics, improve referral systems, encourage annual eye 

examinations for all diabetic patients. Early detection through regular screening reduces blindness, 

lowers treatment costs, and improves quality of life. 

6.3. Promotion of Teleophthalmology and Artificial Intelligence 

Healthcare policymakers should invest in teleophthalmology and artificial intelligence-assisted 

retinal screening technologies, particularly in underserved and rural areas where access to 

ophthalmologists and retinal specialists is limited. Telemedicine and AI-based screening systems can 

increase screening coverage, reduce diagnostic delays, minimize transportation costs, reduce 

dependence on limited specialist manpower and improve healthcare efficiency. 

These technologies are especially valuable in low- and middle-income countries facing shortages 

of eye care professionals and inadequate healthcare infrastructure. 

6.4. Improvement of Patient Education and Public Awareness 

Public awareness campaigns should be intensified to educate individuals about the risk factors for 

DM, the importance of glycaemic control, the benefits of regular exercise and healthy diet, the need for 

routine eye examinations and early symptoms of diabetic complications. 

Health education should be incorporated into schools, workplaces, primary healthcare centers, and 

media platforms. Increased patient awareness improves treatment adherence, encourages early 

healthcare seeking behavior, and reduces disease progression. 

6.5. Subsidization of Diabetes and Eye Care Services 

Governments should provide subsidies for diabetic medications, retinal screening services, 

laboratory investigations, and ophthalmic treatments to reduce financial barriers to healthcare access. 

Affordable healthcare financing mechanisms such as national health insurance schemes, public-

private partnerships, community-based health insurance and subsidized drug programs should be 

strengthened to reduce out-of-pocket healthcare expenditure among diabetic patients. 

Reducing treatment costs improves medication adherence and encourages routine follow-up care. 

6.6. Strengthening Primary Healthcare Systems 

Primary healthcare facilities should be equipped and empowered to manage diabetes and perform 

preliminary DR screening. Training healthcare workers at the primary care level can significantly 

improve early diagnosis and referral of patients. 
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Healthcare personnel including Optometrists, Ophthalmologists, Nurses, Pharmacists, 

Community health workers and General practitioners should receive continuous training in diabetic eye 

care and preventive management strategies. 

Integrated multidisciplinary care models improve efficiency and reduce fragmentation of 

healthcare services. 

6.7. Encouraging Research and Innovation 

Further research should focus on low-cost retinal imaging technologies, AI-assisted screening 

systems, cost-benefit analyses of diabetic interventions, community-based preventive models, 

affordable pharmacological therapies and telemedicine implementation in low-resource settings. 

Governments and research institutions should support innovation aimed at improving accessibility, 

affordability, and efficiency of diabetic care. 

6.8. Enhancing Lifestyle Intervention Programs 

Community-based lifestyle intervention programs should be strengthened to address modifiable 

risk factors such as Obesity, physical inutrition, poor nutrition, smoking and excessive alcohol 

consumption. Policies promoting healthy living through improved nutrition, urban planning for 

physical activity, and public fitness initiatives can significantly reduce diabetes incidence and long-term 

healthcare costs. 

6.9. Improving Follow-Up Compliance 

Healthcare systems should develop mechanisms to improve patient follow-up compliance through 

appointment reminder systems, mobile health applications, telemedicine follow-up services and 

community-based outreach programs. 

Regular follow-up is essential for monitoring disease progression and preventing avoidable 

complications. 

6.10. Global Collaboration and Policy Development 

International organizations, governments, healthcare institutions, and non-governmental 

organizations should collaborate to develop sustainable policies for diabetes prevention and DR 

management. 

Global partnerships may help improve healthcare funding, expand access to affordable 

technologies, promote knowledge sharing, strengthen healthcare infrastructure, and reduce disparities 

in diabetic eye care. A coordinated global approach is essential to effectively address the increasing 

burden of DM and DR. 

Ultimately, investment in preventive healthcare, early screening, patient education, technological 

innovation, and integrated healthcare delivery remains the most sustainable and cost-effective strategy 

for reducing blindness, improving patient outcomes, and minimizing the economic burden associated 

with DM and DR. 

7. CONCLUSION 

DM and DR continue to constitute major global public health challenges with profound clinical, 

social, and economic consequences. The increasing prevalence of diabetes, driven by urbanization, 

sedentary lifestyles, obesity, population aging, and unhealthy dietary habits, has resulted in a 

corresponding rise in diabetic complications, particularly DR which remains one of the leading causes 

of preventable blindness among working-age adults worldwide. The chronic and progressive nature of 

these conditions imposes enormous financial pressure on patients, healthcare systems, caregivers, and 

governments, especially in low- and middle-income countries where healthcare resources are limited. 



 

 

Advances in Medical Sciences and Research (AMSR) 

  

136 

This review has demonstrated that the economic burden associated with DM and DR extends 

beyond direct medical expenses such as hospitalization, medications, laboratory investigations, retinal 

imaging, surgical procedures, and long-term follow-up care. Indirect costs including productivity loss, 

disability, unemployment, visual impairment, caregiver dependency, and reduced quality of life further 

compound the socioeconomic impact of these diseases. In many settings, delayed diagnosis and poor 

treatment adherence significantly worsen disease outcomes and increase healthcare expenditure. 

Importantly, evidence from this review strongly indicates that preventive and early intervention 

strategies remain considerably more cost-effective than the management of advanced diabetic 

complications. Lifestyle modification, patient education, glycaemic control, blood pressure and lipid 

management, routine retinal screening, and early treatment substantially reduce disease progression, 

visual disability, and long-term healthcare costs. These preventive approaches not only improve clinical 

outcomes but also preserve productivity and enhance overall quality of life. 

Advances in retinal imaging technologies, teleophthalmology, artificial intelligence-assisted 

screening systems, and portable diagnostic devices have further improved the accessibility and 

efficiency of DR screening and management. These innovations hold significant promise for reducing 

healthcare disparities, particularly in underserved and resource-constrained communities where access 

to specialized ophthalmic care remains inadequate. The integration of technology-driven healthcare 

solutions into primary healthcare systems may play a transformative role in reducing preventable 

blindness and improving healthcare delivery globally. 

Furthermore, the review emphasizes the critical importance of multidisciplinary and integrated 

healthcare approaches involving ophthalmologists, optometrists, endocrinologists, nurses, pharmacists, 

nutritionists, primary healthcare providers, policymakers, and public health institutions. Collaborative 

healthcare delivery improves continuity of care, enhances patient compliance, and promotes efficient 

utilization of healthcare resources. 

Despite substantial progress in diabetic care, several challenges persist, including poor public 

awareness, inadequate healthcare infrastructure, shortage of trained eye care professionals, high 

treatment costs, limited insurance coverage, and poor follow-up compliance. Addressing these barriers 

requires strong governmental commitment, increased healthcare investment, expansion of health 

insurance schemes, public-private partnerships, and sustained public health campaigns focused on 

diabetes prevention and early eye care intervention. 

Ultimately, reducing the global burden of DM and DR requires a shift from reactive treatment 

models toward proactive, preventive, and cost-effective healthcare strategies. Investment in health 

education, early diagnosis, affordable screening technologies, integrated healthcare systems, and 

equitable access to treatment will not only reduce blindness and disability but also improve population 

health outcomes and strengthen healthcare sustainability. Through coordinated global efforts, 

technological innovation, and evidence-based healthcare policies, the devastating medical and 

economic consequences of DM and DR can be significantly minimized. 

Funding: Nil 

Authors Contribution: MIN conceptualized the study, wrote the introduction, and a major part of the 

manuscript, NAO wrote the methodology, EOE did the data curation, BIE contributed in the writing of 

the other part of the manuscript while the review and final editing was done by JEM, AEI, PO, AA, 

HLU, AO and FEK. 

Acknowledgement: During the preparation of this manuscript, the authors used Chatgpt (version 5) 

for the purpose of data search, correction of grammar and ensuring the right research language is used. 

The authors have received and edited the output and take full responsibility for the content of this 

publication. 



 

 

Advances in Medical Sciences and Research (AMSR) 

  

137 

Availability of data: Data used for this review is available from the corresponding author on reasonable 

request. 

Conflict of Interest statement: There are no conflict of Interest to declare. 

REFERENCES 

[1] American Diabetes Association. (2024). Standards of care in diabetes—2024. Diabetes Care, 

*47*(Suppl. 1), S1-S350. 

[2] International Diabetes Federation. (2021). IDF diabetes atlas (10th ed.). IDF. 

[3] World Health Organization. (2023). Global report on diabetes. WHO. 

[4] World Health Organization. (2024). Diabetic retinopathy screening guidelines. WHO. 

[5] National Institute for Health and Care Excellence. (2024). Diabetic retinopathy: Management 

(NG242). NICE. 

[6] Nkollo, M. I. (2026). Pharmacological management of diabetic retinopathy: Current trends and 

emerging therapies. Journal of Kenya Association of Physicians, *8*(1), 4-12. 

https://dx.doi.org/10.4314/jkap.v8i1.2 

[7] American Academy of Ophthalmology. (2025). Preferred practice pattern: Diabetic retinopathy. 

AAO. 

[8] International Council of Ophthalmology. (2018). ICO guidelines for diabetic eye care. ICO. 

[9] Cheung, N., Mitchell, P., & Wong, T. Y. (2010). Diabetic retinopathy. The Lancet, *376*(9735), 

124-136. 

[10] Yau, J. W. Y., Rogers, S. L., Kawasaki, R., Lamoureux, E. L., Kowalski, J. W., Bek, T., et al. 

(2012). Global prevalence and major risk factors of diabetic retinopathy. Diabetes Care, *35*(3), 

556-564. 

[11] Wong, T. Y., Sun, J., Kawasaki, R., Ruamviboonsuk, P., Gupta, N., Lansingh, V. C., et al. (2018). 

Guidelines on diabetic eye care: The International Council of Ophthalmology recommendations 

for screening, follow-up, referral, and treatment based on resource settings. Ophthalmology, 

*125*(10), 1608-1622. 

[12] Klein, R., Klein, B. E. K., Moss, S. E., Davis, M. D., & DeMets, D. L. (2004). The Wisconsin 

epidemiologic study of diabetic retinopathy. Ophthalmology, *111*(11), 2113-2121. 

[13] Stratton, I. M., Adler, A. I., Neil, H. A. W., Matthews, D. R., Manley, S. E., Cull, C. A., et al. 

(2001). Association of glycaemia with macrovascular and microvascular complications of type 2 

diabetes (UKPDS 35). Diabetologia, *44*(2), 156-163. 

[14] UK Prospective Diabetes Study Group. (1998). Intensive blood-glucose control with 

sulphonylureas or insulin compared with conventional treatment and risk of complications in 

patients with type 2 diabetes. The Lancet, *352*(9131), 837-853. 

[15] Diabetes Control and Complications Trial Research Group. (1993). The effect of intensive 

treatment of diabetes on the development and progression of long-term complications in insulin-

dependent diabetes mellitus. The New England Journal of Medicine, *329*(14), 977-986. 

[16] Brownlee, M. (2005). The pathobiology of diabetic complications: A unifying mechanism. Nature, 

*414*(6865), 813-820. 

[17] Early Treatment Diabetic Retinopathy Study Research Group. (1991). Early photocoagulation for 

diabetic retinopathy. Archives of Ophthalmology, *109*(6), 766-785. 

[18] Diabetic Retinopathy Clinical Research Network. (2015). Aflibercept, bevacizumab, or 

ranibizumab for diabetic macular edema. The New England Journal of Medicine, *372*(13), 

1193-1203. 

[19] Solomon, S. D., Glassman, A. R., & Jampol, L. M. (2019). Diabetic macular edema treatment 

outcomes. Ophthalmology, *126*(10), 1393-1403. 

https://dx.doi.org/10.4314/jkap.v8i1.2


 

 

Advances in Medical Sciences and Research (AMSR) 

  

138 

[20] Flaxel, C. J., Adelman, R. A., Bailey, S. T., Fawzi, A., Lim, J. I., Vemulakonda, G. A., et al. (2020). 

Diabetic retinopathy preferred practice pattern®. Ophthalmology, *127*(1), P66-P145. 

[21] Mukonda, E., van der Westhuizen, D. J., Dave, J. A., Cleary, S., Hannan, L., Rusch, J. A., & 

Lesosky, M. (2025). Understanding the relationship between the frequency of HbA1c monitoring, 

HbA1c changes over time, and the achievement of targets: A retrospective cohort study. BMC 

Endocrine Disorders, *25*(3). 

[22] Moucheraud, C., Lenz, C., Latkovic, M., & Wirtz, V. J. (2019). The costs of diabetes treatment in 

low- and middle-income countries: A systematic review. BMJ Global Health, *4*(1), e001258. 

[23] Abràmoff, M. D., Lavin, P. T., Birch, M., Shah, N., & Folk, J. C. (2018). Pivotal trial of an 

autonomous AI-based diagnostic system for detection of diabetic retinopathy. NPJ Digital 

Medicine, *1*, 39. 

[24] Li, Z., Keel, S., Liu, C., He, Y., Meng, W., Scheetz, J., et al. (2023). Cost-effectiveness of artificial 

intelligence in diabetic retinopathy screening. The Lancet Digital Health, *5*(2), e85-e96. 

[25] Bourne, R. R. A., Steinmetz, J. D., Flaxman, S., Briant, P. S., Taylor, H. R., Resnikoff, S., et al. 

(2021). Trends in prevalence of blindness and distance and near vision impairment over 30 years. 

The Lancet Global Health, *9*(2), e144-e160. 

[26] Jonas, J. B., Cheung, C. M. G., & Panda-Jonas, S. (2021). Updates on the epidemiology of diabetic 

retinopathy. Progress in Retinal and Eye Research, *80*, 100876. 

[27] Zheng, Y., He, M., & Congdon, N. (2012). The worldwide epidemic of diabetic retinopathy. 

Progress in Retinal and Eye Research, *31*(1), 1-18. 

[28] Silva, P. S., Cavallerano, J. D., Sun, J. K., Noble, J., Aiello, L. M., & Aiello, L. P. (2018). 

Telemedicine and diabetic retinopathy screening. JAMA Ophthalmology, *136*(4), 437-444. 

[29] Silva, P. S., Cavallerano, J. D., Haddad, N. M., Kwak, H., Dyer, K. H., Omar, A. F., et al. (2011). 

Telemedicine and diabetic retinopathy outcomes. Archives of Ophthalmology, *129*(2), 236-242. 

[30] Scanlon, P. H. (2017). The English national screening programme for diabetic retinopathy. Eye, 

*31*(2), 168-173. 

[31] Fenner, B. J., Wong, R. L. M., Lam, W. C., Tan, G. S. W., Cheung, G. C. M., & Wong, T. Y. (2020). 

Advances in diabetic retinopathy screening using telemedicine and artificial intelligence. Diabetic 

Medicine, *37*(12), 2132-2140. 

[32] Mistry, H., Auguste, P., Lois, N., & Strike, P. W. (2022). Economic burden of diabetic retinopathy. 

Pharmacoeconomics, *40*(6), 603-620. 

[33] Avidor, D., Loewenstein, A., Waisbourd, M., & Nutman, A. (2020). Cost-effectiveness of diabetic 

retinopathy screening programs using telemedicine: A systematic review. Cost Effectiveness and 

Resource Allocation, *18*, 16. 

[34] Sharafeldin, N., Kawaguchi, A., Sundaram, A., Campbell, S., & Tennant, M. T. S. (2020). 

Teleophthalmology for diabetic retinopathy screening: A systematic review. Ophthalmic 

Epidemiology, *27*(5), 373-385. 

[35] Coronado, A. C., et al. (2016). Cost analysis of a pharmacy-based teleophthalmology program for 

diabetic retinopathy screening. CMAJ Open, *4*(3), E314-E321. 

[36] Stanimirovic, A., et al. (2020). Cost analysis of a teleophthalmology pilot project. Ophthalmology, 

*127*(11), 1510-1517. 

[37] Wong, T. Y., Sabanayagam, C., & others. (2020). Strategies for screening and prevention of 

diabetic eye disease. The Lancet. 

[38] Silva, P. S., et al. (2021). Teleophthalmology outcomes in diabetic retinopathy screening. 

Ophthalmology, *128*(7), 1010-1018. 

[39] World Health Organization Regional Office for Europe. (2021). Diabetic retinopathy screening 

guide. WHO Europe. 

[40] World Health Organization. (2022). World report on vision. WHO. 

[41] Ogle, G. D., et al. (2022). Global diabetes burden and future projections. Diabetes Research and 

Clinical Practice, *183*, 109119. 



 

 

Advances in Medical Sciences and Research (AMSR) 

  

139 

[42] Ogurtsova, K., et al. (2022). IDF diabetes atlas: Global estimates update. Diabetes Research and 

Clinical Practice, *183*, 109119. 

[43] Chen, E., et al. (2021). Cost-effectiveness of anti-VEGF therapy for diabetic macular edema. 

JAMA Ophthalmology, *139*(4), 373-381. 

[44] Scanlon, P. H., et al. (2021). Effectiveness of diabetic retinopathy screening programmes. Eye, 

*35*(1), 1-9. 

[45] Rajalakshmi, R., et al. (2021). Validation of artificial intelligence-based retinal screening in India. 

Diabetes Care, *44*(2), 398-404. 

[46] Voigt, M., Schmidt, S., Lehmann, T., Köhler, B., & Kloos, C. (2017). Cost-effectiveness of 

diabetic retinopathy screening. Diabetes Care, *40*(7), 971-977. 

[47] Javitt, J. C., Aiello, L. P., Chiang, Y., Ferris, F. L., Canner, J. K., & Greenfield, S. (1994). 

Preventive eye care in people with diabetes is cost-saving to the federal government. 

Ophthalmology, *101*(7), 1281-1288. 

[48] Heintzman, J., et al. (2020). Digital health interventions for diabetes care. Annals of Internal 

Medicine, *172*(11), 738-739. 

[49] Ting, D. S. W., et al. (2020). Artificial intelligence and deep learning in diabetic retinopathy 

screening. The Lancet Digital Health, *2*(2), e85-e95. 

[50] Coronado, A. C., et al. (2016). Teleophthalmology cost savings in diabetic retinopathy screening. 

CMAJ Open, *4*(3), E314-E321. 

[51] Silva, P. S., et al. (2015). Accuracy of telemedicine for diabetic retinopathy screening. 

Ophthalmology, *122*(12), 2476-2481. 

[52] Grzybowski, A., et al. (2020). Global strategies for diabetic retinopathy screening. Survey of 

Ophthalmology, *65*(4), 431-445. 

[53] Klein, B. E. K., et al. (2019). Long-term progression of diabetic retinopathy. Ophthalmology, 

*126*(1), 59-67. 

[54] Lee, P. P., et al. (2017). Economic burden of visual impairment and blindness. Archives of 

Ophthalmology, *135*(2), 122-128. 

[55] Hutchinson, A. K., et al. (2020). Appropriate screening intervals for diabetic retinopathy. 

Ophthalmology, *127*(3), 343-351. 

[56] Bressler, N. M., et al. (2019). Long-term outcomes of diabetic macular edema treatment. JAMA 

Ophthalmology, *137*(4), 382-390. 

[57] Liu, Y., et al. (2021). Deep learning systems for retinal disease detection. Nature Medicine, 

*27*(3), 363-365. 

[58] Sun, J., et al. (2020). Health economics of diabetes complications. Diabetologia, *63*(9), 1656-

1665. 

[59] Whiting, D. R., Guariguata, L., Weil, C., & Shaw, J. (2011). IDF diabetes atlas: Global estimates 

of the prevalence of diabetes. Diabetes Research and Clinical Practice, *94*(3), 311-321. 

[60] Williams, R., et al. (2021). Prevention of diabetes-related blindness: A global priority. The Lancet, 

*398*(10312), 1875-1887. 


