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Introduction: Causes, Signs & Symptoms 

 Diabetes mellitus presents a significant disease burden worldwide, and its prevalence is 

projected to increase over the next few decades, with an estimated 590 million individuals 

diagnosed globally by 2035 (Sabanayagam et al., 2019). Type 2 diabetes is already considered at 

epidemic levels in many countries, including the United States (Sabanayagam et al., 2019). 

Patients diagnosed with diabetes can suffer from several life-threatening and quality-of-life 

complications that include ischemic heart disease, stroke due to macrovascular pathogenesis, 

neuropathy, and peripheral artery disease. A common microvascular complication for diabetic 

patients is diabetic retinopathy (DR), which leads to visual impairments and blindness (Wong et 

al., 2016). The incidence of DR in the United States has shown signs of plateauing in some 

recent reports (Sabanayagam et al., 2019). Nonetheless, it remains a significant threat to eye 

health due to the rising incidence of diabetes in the country. 

 Hyperglycemia has been suggested as an important factor in the pathogenesis of 

microvascular damage in the retina (Wong et al., 2016). Accumulation of advanced glycation end 

products (AGEs), the polyol pathway, the hexosamine pathway, and the protein kinase C 

pathway are all hyperglycemia-induced metabolic pathways associated with damage to the 

retinal vasculature (Duh et al., 2017). At the outset, changes in blood flow and dilation of the 

retina vessels are the initial impacts of hyperglycemia (Duh et al., 2017). A possible explanation 

for these changes is the metabolic autoregulation that takes place to compensate for an increased 

retinal metabolism demand in patients with diabetes. Eventually, pericyte degradation triggered 

by hyperglycemia results in the loss of structural support of retinal capillaries, and 

microaneurysms begin to develop. The latter is one of the earliest clinical signs of diabetic 

retinopathy and indicates that the retina’s ability to function normally is damaged. 
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 Early signs in DR are collectively recognized as part of the non-proliferative diabetic 

retinopathy (NPDR) stage of DR, where capillary occlusion and higher vascular permeability are 

the primary observations of the retinal vasculature. Microaneurysms, hard exudates, and 

hemorrhages are detectable during this stage of DR even though patients may be asymptomatic 

(Hartnett et al., 2017). Vascular endothelial growth factor (VEGF) is an important molecular 

marker of DR pathogenesis. It is upregulated through activation of hypoxia-inducible factor 1 

(HIF-1) when pericyte degradation and apoptosis of endothelial cells create retinal ischemia or 

retinal hypoxia. Higher levels of VEGF lead to increased permeability of the retinal vasculature, 

the second clinical observation of the NPDR stage of DR.  

 Inflammation has been established as a key determinant of DR pathogenesis. Studies on 

diabetic animal models and human patients have shown that chronic, low-grade inflammation is 

associated with an increased loss of endothelial cells and the breakdown of the blood-retinal 

barrier (Duh et al., 2017). Degradation of the latter is thought to occur through activation of 

leukocytes, elevated levels of chemokines, and dysfunction of retinal glial cells. Together, these 

molecular alterations contribute to an inflammatory state that progresses vascular damage and 

degradation of the blood-retinal barrier, both of which are a part of the NPDR stage of DR.  

 Besides damage to the retinal vasculature and associated pathogenesis, DR is also marked 

by retinal neurodegeneration during the early stage. Several pro-apoptotic markers, such as Fas, 

Bax, and caspase-3, have been linked to losses of retinal neurons. Further, the dysfunction of 

mitochondrial activity because of the increased expression of pro-apoptotic proteins has been 

reported in studies of diabetic mice (Wang & Lo, 2018). Finally, oxidative stress through the 

actions of reactive oxygen species (ROS) has been linked to retinal degradation (Wang & Lo, 
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2018). The evidence suggests that the degeneration of retinal neurons in DR is independent of 

pathophysiology. 

 Early-stage non-proliferative diabetic retinopathy (NPDR) can often create 

pathophysiology alterations that are clinically present with no symptoms. As such, most of the 

early signs of DR can be detected incidentally during a fundus examination (Wang & Lo, 2018). 

However, as DR pathogenesis advances to the late stage of proliferative diabetic neuropathy 

(PDR), symptoms can begin to appear. The symptoms of late-stage PDR include impaired color 

vision, poor night vision, a total or partial loss of vision, occasional flashes during sight, blurry 

or distorted vision, and floaters. Studies of DR have led to the development of a disease severity 

scale that can be used to precisely classify the stage of disease progression based on clinically 

observable factors (Hartnett et al., 2017): 

 No detectable abnormality 

 Microaneurysms only – mild NPDR 

 Microaneurysms with one or two other clinical signs – moderate NPDR 

 Prior to PDR classification and clinical signs of either venous beading in more than two 

quadrants, or 20 intraretinal hemorrhages in the four eye quadrants, or the presence of IRMA 

in more than one quadrant of the eye – severe NPDR 

 PDR is classified when there is a presence of neovascularization and vitreous hemorrhaging. 

The prognosis of diabetic retinopathy (DR) largely depends on which stage of severity a patient 

is diagnosed with (Wong et al., 2016). Early diagnosis during mild to moderate NPDR can be 

used to offer first-line treatment options that can help prevent loss of vision. However, diagnoses 

of severe NPDR or PDR can often be accompanied by vision impairments that can be 
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irreversible. In addition, more advanced DME-associated PDR can also lead to severe vision loss 

and blindness. 

Diagnosis & Treatment 

 Since diabetes can impact almost all the organ systems of the human body, these systems 

are usually checked through various other laboratory tests and examinations involving 

multispecialty consultations. For patients who are being screened for diabetic retinopathy, 

common laboratory examinations to determine their glycemic control are usually conducted first. 

Fasting blood glucose, postprandial glucose level, and glycosylated hemoglobin (HbA1C) level 

are common laboratory markers in this regard. Next, ocular examination involves investigating 

the patient’s level of visual activity. This involves measurements of IOP, gonioscopy, slit-lamp 

examination, and dilated fundus examination. Then, confirming a DR diagnosis involves fundus 

photography and fundus fluorescein angiography (FAA) (Wang & Lo, 2018). These techniques 

help to identify ischemic retinal damage, capillary dropout areas and to differentiate various 

other retinal vasculature alterations, to determine the cause of loss in vision. Diabetic macular 

edema (DME) is a common manifestation of DR pathogenesis that causes degeneration of the 

blood-retina barrier and is a common cause of vision loss. DME is present across all stages of 

DR severity. To detect DME, optical coherence tomography, optical coherence tomography 

angiography, and ultrasonography techniques can be employed to identify any hemorrhaging, 

retinal thickening (Duh et al., 2017). These techniques, combined with other diagnostic 

strategies, can provide a detailed assessment of the retinal vasculature and state of visual 

mechanics of the eye.  

 Treatment of diabetic retinopathy most commonly involves anti-angiogenic therapy using 

anti-VEGF drugs. Several clinical studies have shown the latter therapeutic approach superior to 
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the traditional laser monotherapy first introduced in the 1960s (Wang & Lo, 2018). As such, anti-

VEGF therapy is considered a first-line treatment for most patients eyes presenting with DME. 

There is some limited scope for intravenous steroid treatments, but these are associated with 

ocular side effects such as glaucoma and cataract and are thus not a common treatment option. 

Overall, anti-VEGF therapy has proven effective but leaves many patients wanting. Nearly 50% 

of DR patients do not adequately respond to anti-VEGF treatments, and the treatment protocol is 

financially expensive since it requires monthly or bimonthly prescriptions (Duh et al., 2017). As 

such, several clinical trials are underway investigating other anti-angiogenic drugs for their 

potential to improve current therapy options.  

 Apart from anti-angiogenic therapy options, secondary therapy options are available, and 

novel treatment strategies are under development. The second-line treatment option for patients 

not responding to anti-angiogenic first-line treatment involves anti-inflammatory corticosteroids. 

However, the sustained use of corticosteroids has been linked to an increased incidence of 

adverse side effects. Furthermore, the precise efficacy of the most common corticosteroids used 

in treating PDR has not been empirically proven. Patients with a high risk for developing PDR 

should first be targeted for treatment with anti-VEGF agents (Duh et al., 2017). More novel 

therapeutic approaches to treating DR involve a framework that advances understanding of the 

disease and its pathogenesis. Contemporary research suggests protective mechanisms are 

involved in modulating the development of DR and should be considered in developing novel 

therapeutic strategies (Duh et al., 2017). This perspective is being utilized to develop therapies 

that stimulate these protective mechanisms, offering molecular targets that help favorably 

modulate important pathways in diabetic retinopathy.  

References 



DISEASE PROCESS                  7 

 

Duh, E. J., Sun, J. K., & Stitt, A. W. (2017). Diabetic retinopathy: current understanding, 

mechanisms, and treatment strategies. JCI Insight, 2(14). 

https://doi.org/10.1172/jci.insight.93751 

Hartnett, M. E., Baehr, W., & Le, Y. Z. (2017). Diabetic retinopathy, an overview. Vision 

Research, 139, 1–6. https://doi.org/https://doi.org/10.1016/j.visres.2017.07.006 

Sabanayagam, C., Banu, R., Chee, M. L., Lee, R., Wang, Y. X., Tan, G., Jonas, J. B., Lamoureux, 

E. L., Cheng, C.-Y., Klein, B. E. K., Mitchell, P., Klein, R., Cheung, C. M. G., & Wong, T. 

Y. (2019). Incidence and progression of diabetic retinopathy: a systematic review. The 

Lancet Diabetes & Endocrinology, 7(2), 140–149. 

https://doi.org/https://doi.org/10.1016/S2213-8587(18)30128-1 

Wang, W., & Lo, A. C. Y. (2018). Diabetic Retinopathy: Pathophysiology and Treatments. 

International Journal of Molecular Sciences, 19(6), 1816. 

https://doi.org/10.3390/ijms19061816 

Wong, T. Y., Cheung, C. M. G., Larsen, M., Sharma, S., & Simó, R. (2016). Diabetic retinopathy. 

Nature Reviews Disease Primers, 2(1), 16012. https://doi.org/10.1038/nrdp.2016.12 

 

  

 


