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A brief overview about the advances in the experimental field on the treatment of early stages of diabetic

retinopathy (ESDR), as well as the main gaps to be filled will be given. In addition, a critical view on the current

clinical practice for treating advanced stages of diabetic retinopathy (ASDR) will be provided.
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1. General Goals

Achieving glycemic control is a clear and well-founded form of treatment to prevent Diabetic retinopathy (DR) or

arrest its progression . Tight versus less tight glycemic control in the type 1 diabetic population of the

Diabetes Control and Complications Trial (DCCT) reduced the risk of new retinopathy by 76% and of the

progression of existing retinopathy by 54% . Intensive vs. conventional glycemic management was associated

with a 39% reduction in the risk of laser photocoagulation in the type 2 diabetic population of the UK Prospective

Diabetes Study (UKPDS) .

Several randomized controlled trials (RCTs) have demonstrated the benefit of blood pressure (BP) control as a

major modifiable factor for either incidence or progression of DR . The UKPDS showed that after nine

years of follow-up, the group under BP control had a 34% reduction in the risk of deterioration of DR, i.e., by two

steps in the ETDRS scale (p = 0.0004), and a 47% reduction in the risk (p = 0.004) of deterioration in visual acuity,

i.e., by three lines on the ETDRS chart . Ambulatory blood pressure monitoring (ABPM) may provide better

estimates of an individual’s average blood pressure and makes it possible to differentiate among several

phenotypes . Several of these phenotypes, including elevated mean 24-h BP, elevated night-time BP and non-

dipping BP pattern, have been associated with increased cardiovascular risk . However, no data

regarding blood pressure phenotypes and the risk of DR have been reported.

Despite the influence of metabolic control and blood pressure on the development and progression of DR, there is

clinical evidence that substantial variation exists. In fact, clinicians are aware that a subset of patients with poor

control of glycemia and/or uncontrolled blood pressure does not develop DR. On the other hand, there are patients

with good control of both blood glucose levels and hypertension that will develop DR. In fact, the Diabetes Control

and Complications Trial/Epidemiology of Diabetes Interventions and Complications (DCCT/EDIC) Research Group
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showed that hemoglobin A1c (HbA1c) values explained up to 11% of the risk of DR, and that the unexplained 89%

of variation in risk was due to elements of the diabetic milieu not captured by the mean HbA1c value .

At present there is no evidence that the prevention of hypoglycemic episodes influences the natural history of DR,

and specific clinical studies aiming at addressing this important question are needed. This is particularly relevant

from the general assumption that DR is a complex neurovascular disease in which neurodegeneration plays an

essential role. The vulnerability of neurons faced with sustained and recurrent hypoglycemia is unquestionable,

and therefore, hypoglycemia might lead to retinal neuron death.

Glycemic variability may also be involved in the weaknesses of HbA1c in predicting the development and

progression of DR; studies showing that the reduction of glycemic variability can prevent DR or arrest its

progression are needed . Finally, changes in the epigenome may contribute to the phenomenon of

“metabolic memory”, which explains the long-term effects of metabolic statuses obtained several years ago .

Dyslipidemia seems to have less influence than hyperglycemia or hypertension on the development and

progression of proliferative DR or DME . However, a growing body of evidence suggests that nontraditional

lipid measures such as apolipoproteins A and B are stronger risk markers of DR than total cholesterol and

triglyceride levels .

Heritability of DR has been estimated to be around 27% for DR and 52% for PDR. Among the large number of

putative genes and genetic variants reported in the literature, ALR2, VEGF and RAGE exhibit consistent

associations with DR. However, a huge effort to validate these results in multiple populations is needed before the

researchers can use these genes as biomarkers to indicate high risk . In addition, specific gene variants in

ICAM1, PPARGC1A and MTHFR have been associated with different NDPR phenotypes . These results support

the concept that different pathogenic mechanisms are involved in the different risks of progression of NDPR

phenotypes. However, further confirmation in larger cohorts is needed.

2. Systemic Treatments

There is evidence based on clinical trials that fenofibrate, a peroxisome proliferator-activated receptor alpha

(PPARα) currently used as a hypolipidemic agent, slows the progression of DR and reduces the need for laser

photocoagulation and vitrectomy surgery . However, the progression of DR was not the primary outcome

of these clinical trials, and the scientific community has not accepted fenofibrate as an established treatment for

arresting the progression of DR. To fill this scientific gap, a large randomized clinical trial is ongoing in the US

(ClinicalTrials.gov  Identifier: NCT04661358). It should be noted that the multifaceted non-lipidic actions of

fenofibrate seem more important in reducing the progression of DR than the lipidic-mediated mechanisms .

Calcium dobesilate (CaD) is a safe drug that has been approved for many years for the treatment of DR in a large

number of countries. However, it has not been broadly used in clinical practice. Two randomized placebo-controlled

trials demonstrated the effectiveness of CaD in preventing the progression of early-stage DR , but its
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effectiveness in AEDR remains to be determined. As occurs with fenofibrate, CaD targets multiple pathogenic

pathways involved in DR . However, further research to better understand the mechanisms of action and more

targeted clinical trials are needed.

Some clinical trials have highlighted renin-angiotensin system (RAS) blockade as a promising systemic treatment

for DR . However, there is no robust clinical evidence on this issue. In fact, two large clinical trials, the Diabetic

Retinopathy Candesartan Trials (DIRECT) program   and the Action in Diabetes and Vascular Disease

(ADVANCE) study , failed to demonstrate any beneficial effect, taking into account the primary endpoints.

Therefore, the classic concept that lowering blood pressure is the most important strategy, regardless of the choice

of drug, has re-emerged with renewed rigor.

3. Targeting Neurovascular Unit (NVU)

NVU comprise diverse neural cell types (i.e., amacrine cells, ganglion cells, horizontal and bipolar cells), glia

(astrocytes and Müller cells), professional immune cells (microglia and perivascular macrophages) and vascular

cells (endothelial cells and pericytes) . In recent years, several experimental approaches attempting to prevent

diabetes-induced NVU impairment have been reported, but long-term clinical trials to support this therapeutic

strategy in the context of DR are needed.

Route of administration is an issue in ESDR, because vision is generally preserved and repeated intravitreal

injections represent an aggressive and unacceptable treatment. The systemic administration of drugs to block the

main pathogenic pathways involved in DR has two main problems. First, the blood–retinal barrier impedes their

reaching the retina at pharmacological concentrations; and second, systemic administration could lead to adverse

effects and pharmacologic interference with other drugs used for the treatment of diabetes and its co-morbidities.

Eye drops containing small molecules have been shown to be effective in treating early-stage DR in experimental

models ; such compounds can reach the retina by the trans-scleral route . In addition, topical

administration limits the action of such compounds in the eye and minimizes the associated systemic effects.

Several proteins with neurotrophic activity that are required for retinal homeostasis are synthesized by the retina.

However, in the diabetic retina, a downregulation exists of these neurotrophic factors. As such, a therapeutic

strategy based on their replacement seems reasonable. In fact, treatments using eye drops seeking to replace

these natural neuroprotective factors, such as pigment epithelial growth factor (PEDF), somatostatin and glucagon-

like peptide 1 (GLP-1), or to avoid their degradation, such as DPP-IV inhibitors to enhance GLP-1, have been

effective in experimental models . Apart from neuroprotection, PEDF, GLP-1 and DPP-IV inhibitors

significantly abrogate vascular leakage and, therefore, can be envisaged as promising treatments which should be

tested in the clinical arena.

4. Advances for Treating advanced-Stage DR (ASDR)

4.1. General Measures
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Tight control of blood glucose levels and blood pressure is recommended in ASDR, but the beneficial effects are

less evident than when these general measures are implemented at the beginning of the disease or when ESDR

appears.

The therapeutic goal of tight metabolic control should be balanced against the risk of hypoglycaemia, especially in

older people, in whom aggressive glycaemic control does not further reduce retinopathy risk, and might even be

associated with increased mortality . In addition, an initial worsening of DR has been reported as a consequence

of the rapid improvement of hyperglycemia in both type 1 and type 2 diabetes . The most important risk

factors for early worsening were shown to be a higher hemoglobin A1c level at baseline, a large reduction of

HbA1c (>2%) and the severity of DR at baseline . Recently, systematic reviews confirmed this concept and

suggested that early worsening of DR could be particularly relevant when HbA1c is reduced to >1.5% after 3

months or to >2% after 6 months .

4.2. Critical Overview of Current Treatment

The treatment for ASDR is based on laser photocoagulation and intravitreal injections of anti-angiogenic factors or

corticosteroids. Fenofibrate seems to be a reasonable treatment to arrest progression to sight-threatening DR but,

as previously mentioned, a specific clinical trial supporting this indication is still lacking. Vitreo-retinal surgery is a

complex and expensive treatment that is reserved for the ultimately blinding complications of DR .

4.2.1. Laser Treatment

Laser photocoagulation is generally indicated in PDR or in clinically significant DME and prevents further

deterioration of vision if applied sufficiently early in the progression of the disease . However, laser treatment

does not usually restore lost vision and is associated with potentially severe adverse effects such as impaired

adaptation to changes in light levels, some loss of visual acuity, loss of peripheral vision, changes in colour vision

and exacerbation of macular edema.

4.2.2. Anti-Angiogenic Treatment

Intravitreal anti-VEGF agents are currently used as a first-line treatment for clinically significant DME . Although

both proinflammatory cytokines and VEGF play a crucial role in the pathogenesis of DME, the blockade of VEGF,

rather than an anti-inflammatory approach, is primarily used . Clinical trials have provided robust evidence that

the intravitreous administration of anti-VEGF agents is better than laser therapy both at preserving and improving

the vision of patients with DME . However, around 50% of DME patients do not adequately respond to

anti-VEGF therapy . These findings support the concept that other mechanistic pathways may operate

independently or in conjunction with VEGF in the pathogenesis of ASDR. In this regard, in the seminal study by

Aiello et al. , 36% of the patients with PDR did not show increased VEGF levels in the vitreous fluid. Therefore, it

was not surprising that a high rate patients showed an inadequate response to anti-VEGF treatment. In this

subgroup of non-responders, proinflammatory cytokines/chemochines and other angiogenic factors unrelated to
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VEGF (platelet-derived growth factor, basic fibroblast growth factor, hepatocyte growth factor, angiopoietin-2)

probably play a more relevant pathogenic role.

Aflibercept produces a more extensive angiogenic blockade than anti-VEGF agents and may provide superior

outcomes in certain patients compared with treatments that inhibit only VEGF (i.e., bevacizumab and ranibizumab)

. Aflibercept is a soluble decoy receptor that binds vascular endothelial growth factor-A (VEGF-A), VEGF-B and

placental growth factor (PIGF) with a greater affinity than the body’s native receptors. Therefore, VEGF binds to

aflibercept instead of its original receptors, thereby reducing the activity of VEGF .

A potential serious complication of pan-VEGF inhibition is the neurodegeneration of the remaining healthy retina

. This can occur because VEGF is a powerful neurotrophic factor, raising questions about the potential use

of neuroprotective agents to prevent this adverse effect. Specific studies seeking to address this important question

are warranted.

The angiopoietin (Ang)/Tie2 signalling axis, a key regulator of angiogenesis, has emerged as a potential

therapeutic strategy, and several clinical trials have demonstrated the efficacy of pharmacologic and biologic

mediators of the Ang/Tie2 pathway . The VEGF pathway is important for inducing endothelial cell sprouting and

primary network formation, whereas the Ang/Tie2 pathway regulates blood vessel remodelling and maturation in

the later stages of the angiogenic process . The simultaneous inhibition of angiopoietin-2 and VEGF-A with

faracimab have been shown to be superior to anti-VEGF alone at week 24 in treatment-naive patients with DME

.

4.2.3. Corticosteroids

Intravitreal corticosteroids are mainly used due to their anti-inflammatory mechanisms. Intravitreal use limits the

action to the eye and makes it possible to reach pharmacological concentrations. However, the complication rate

(in the eye) of intravitreal corticosteroid injections is high, e.g., glaucoma and cataract formation . For this

reason, the use of intravitreal corticosteroids is generally restricted to patients affected by persistent or refractory

DME, especially in pseudophakic eyes . Apart from abrogating the effects of proinflammatory cytokines,

corticosteroids are able to exert neuroprotection, as has been proven in experimental and clinical studies.

Furthermore, they also have antiangiogenic action. These multifaceted effects have led to increased interest in

these classic drugs, and sustained release formulations or implants that reduce the frequency of intravitreal

injections are now available .

References

1. Nathan, D.M.; Genuth, S.; Lachin, J.; Cleary, P.; Crofford, O.; Davis, M.; Rand, L.; Siebert, C.
Diabetes Control and Complications Trial Research Group. The effect of intensive treatment of

[60]

[61]

[62][63][64]

[65]

[66]

[67]

[68]

[69]

[68]



Treating Early and Advanced Stage of Diabetic Retinopathy | Encyclopedia.pub

https://encyclopedia.pub/entry/26074 6/11

diabetes on the development and progression of long-term complications in insulin-dependent
diabetes mellitus. N. Engl. J. Med. 1993, 329, 977–986.

2. UK Prospective Diabetes Study (UKPDS) Group. Intensive blood-glucose control with
sulphonylureas or insulin compared with conventional treatment and risk of complications in
patients with type 2 diabetes (UKPDS 33). Lancet 1998, 352, 837–853, Erratum in Lancet 1999,
354, 602.

3. Gaede, P.; Vedel, P.; Larsen, N.; Jensen, G.V.; Parving, H.H.; Pedersen, O. Multifactorial
intervention and cardiovascular disease in patients with type 2 diabetes. N. Engl. J. Med. 2003,
348, 383–393.

4. Stratton, I.M.; Kohner, E.M.; Aldington, S.J.; Turner, R.C.; Holman, R.R.; Manley, S.E.; Matthews,
D.R. UKPDS50: Risk factors for incidence and progression of retinopathy in Type II diabetes over
6 years from diagnosis. Diabetologia 2001, 44, 156–163.

5. Klein, R.; Knudtson, M.D.; Lee, K.E.; Gangnon, R.; Klein, B.E. The Wisconsin Epidemiologic
Study of Diabetic Retinopathy: XXII the twenty-five-year progression of retinopathy in persons
with type 1 diabetes. Ophthalmology 2008, 115, 1859–1868.

6. Klein, R.; Knudtson, M.D.; Lee, K.E.; Gangnon, R.; Klein, B.E. The Wisconsin Epidemiologic
Study of Diabetic Retinopathy XXIII: The twenty-five-year incidence of macular edema in persons
with type 1 diabetes. Ophthalmology 2009, 116, 497–503. [CrossRef] Int. J. Mol. Sci. 2022, 23,
8513 10 of 13

7. Varma, R.; Macias, G.L.; Torres, M.; Klein, R.; Peña, F.Y.; Azen, S.P.; Los Angeles Latino Eye
Study Group. Biologic risk factors associated with diabetic retinopathy: The Los Angeles Latino
Eye Study. Ophthalmology 2007, 114, 1332–1340.

8. van Leiden, H.A.; Dekker, J.M.; Moll, A.C.; Giel Nijpels, G.; Heine, R.J.; Bouter, L.M.; Stehouwer,
C.D.A.; Polak, B.C.P. Risk factors for incident retinopathy in a diabetic and nondiabetic
population: The Hoorn study. Arch. Ophthalmol. 2003, 121, 245–251.

9. UK Prospective Diabetes Study Group. Tight blood pressure control and risk of macrovascular
and microvascular complications in type 2 diabetes: UKPDS 38. UK Prospective Diabetes Study
Group. BMJ 1998, 317, 703–713, Erratum in BMJ 1999, 318, 29.

10. Pickering, T.G.; Shimbo, D.; Haas, D. Ambulatory blood-pressure monitoring. N. Engl. J. Med.
2006, 354, 2368–2374.

11. O’Brien, E.; Parati, G.; Stergiou, G.; Asmar, R.; Beilin, L.; Bilo, G.; Clement, D.; de la Sierra, A.; de
Leeuw, P.; Dolan, E.; et al. European Society of Hypertension Working Group on Blood Pressure
Monitoring. European society of hypertension position paper on ambulatory blood pressure
monitoring. J. Hypertens. 2013, 31, 1731–1768.



Treating Early and Advanced Stage of Diabetic Retinopathy | Encyclopedia.pub

https://encyclopedia.pub/entry/26074 7/11

12. Ohkubo, T.; Hozawa, A.; Yamaguchi, J.; Kikuya, M.; Ohmori, K.; Michimata, M.; Matsubara, M.;
Hashimoto, J.; Hoshi, H.; Araki, T.; et al. Prognostic significance of the nocturnal decline in blood
pressure in individuals with and without high 24-h blood pressure: The Ohasama study. J.
Hypertens. 2002, 20, 2183–2189.

13. Kario, K.; Pickering, T.G.; Umeda, Y.; Hoshide, S.; Hoshide, Y.; Morinari, M.; Murata, M.; Kuroda,
T.; Schwartz, J.E.; Shimada, K. Morning surge in blood pressure as a predictor of silent and
clinical cerebrovascular disease in elderly hypertensives: A prospective study. Circulation 2003,
107, 1401–1406.

14. Lachin, J.M.; Genuth, S.; Nathan, D.M.; Zinman, B.; Rutledge, B.N.; DCCT/EDIC Research
Group. Effect of glycemic exposure on the risk of microvascular complications in the diabetes
control and complications trial—Revisited. Diabetes 2008, 57, 995–1001.

15. Chatziralli, I.P. The Role of Glycemic Control and Variability in Diabetic Retinopathy. Diabetes
Ther. 2018, 9, 431–434.

16. Lu, J.; Ma, X.; Zhou, J.; Zhang, L.; Mo, Y.; Ying, L.; Lu, W.; Zhu, W.; Bao, Y.; Vigersky, R.A.; et al.
Association of Time in Range, as Assessed by Continuous Glucose Monitoring, With Diabetic
Retinopathy in Type 2 Diabetes. Diabetes Care 2018, 41, 2370–2376.

17. Zhao, Q.; Zhou, F.; Zhang, Y.; Zhou, X.; Ying, C. Fasting plasma glucose variability levels and risk
of adverse outcomes among patients with type 2 diabetes: A systematic review and meta-
analysis. Diabetes Res. Clin. Pract. 2019, 148, 23–31.

18. Ceriello, A.; Ihnat, M.A.; Thorpe, J.E. Clinical review 2: The “metabolic memory”: Is more than just
tight glucose control necessary to prevent diabetic complications? J. Clin. Endocrinol. Metab.
2009, 94, 410–415.

19. Sacks, F.M.; Hermans, M.P.; Fioretto, P.; Valensi, P.; Davis, T.; Horton, E.; Wanner, C.; Al-
Rubeaan, K.; Aronson, R.; Barzon, I.; et al. Association between plasma triglycerides and high-
density lipoprotein cholesterol and microvascular kidney disease and retinopathy in type 2
diabetes mellitus: A global case-control study in 13 countries. Circulation 2014, 129, 999–1008.

20. Klein, B.E.; Myers, C.E.; Howard, K.P.; Klein, R. Serum Lipids and Proliferative Diabetic
Retinopathy and Macular Edema in Persons with Long-term Type 1 Diabetes Mellitus: The
Wisconsin Epidemiologic Study of Diabetic Retinopathy. JAMA Ophthalmol. 2015, 133, 503–510.

21. Sasongko, M.B.; Wong, T.Y.; Nguyen, T.T.; Kawasaki, R.; Jenkins, A.; Shaw, J.; Wang, J.J. Serum
apolipoprotein AI and B are stronger biomarkers of diabetic retinopathy than traditional lipids.
Diabetes Care 2011, 34, 474–479.

22. Sasongko, M.B.; Wong, T.Y.; Nguyen, T.T.; Shaw, J.E.; Jenkins, A.J.; Wang, J.J. Novel versus
traditional risk markers for diabetic retinopathy. Diabetologia 2012, 55, 666–670.



Treating Early and Advanced Stage of Diabetic Retinopathy | Encyclopedia.pub

https://encyclopedia.pub/entry/26074 8/11

23. Simó-Servat, O.; Hernández, C.; Simó, R. Genetics in diabetic retinopathy: Current concepts and
new insights. Curr. Genom. 2013, 14, 289–299.

24. Simões, M.J.; Lobo, C.; Egas, C.; Nunes, S.; Carmona, S.; Costa, M.Â.; Duarte, T.; Ribeiro, L.;
Faro, C.; Cunha-Vaz, J.G. Genetic variants in ICAM1, PPARGC1A and MTHFR are potentially
associated with different phenotypes of diabetic retinopathy. Ophthalmologica 2014, 232, 156–
162.

25. Keech, A.C.; Mitchell, P.; Summanen, P.A.; O’Day, J.; Davis, T.M.; Moffitt, M.S.; Taskinen, M.R.;
Simes, R.J.; Tse, D.; Williamson, E.; et al. Effect of fenofibrate on the need for laser treatment for
diabetic retinopathy (FIELD study): A randomised controlled trial. Lancet 2007, 370, 1687–1697.

26. ACCORD Study Group; ACCORD Eye Study Group; Chew, E.Y.; Ambrosius, W.T.; Davis, M.D.;
Danis, R.P.; Gangaputra, S.; Greven, C.M.; Hubbard, L.; Esser, B.A.; et al. Effects of medical
therapies on retinopathy progression in type 2 diabetes. N. Engl. J. Med. 2010, 363, 233–244.

27. Meer, E.; Bavinger, J.C.; Yu, Y.; VanderBeek, B.L. Association of Fenofibrate Use and the Risk of
Progression to Vision-Threatening Diabetic Retinopathy. JAMA Ophthalmol. 2022, 140, 529–532.

28. Simó, R.; Simó-Servat, O.; Bogdanov, P.; Hernández, C. Neurovascular Unit: A New Target for
Treating Early Stages of Diabetic Retinopathy. Pharmaceutics 2021, 13, 1320.

29. Leite, E.B.; Mota, M.C.; de Abreu, J.R.; Cunha-Vaz, J.G. Effect of calcium dobesilate on the
blood-retinal barrier in early diabetic retinopathy. Int. Ophthalmol. 1990, 14, 81–88.

30. Ribeiro, M.L.; Seres, A.I.; Carneiro, A.M.; Stur, M.; Zourdani, A.; Caillon, P.; Cunha-Vaz, J.G.; DX-
Retinopathy Study Group. Effect of calcium dobesilate on progression of early diabetic
retinopathy: A randomised double-blind study. Graefe’s Arch. Clin. Exp. Ophthalmol. 2006, 244,
1591–1600.

31. Simó-Servat, O.; Solà-Adell, C.; Bogdanov, P.; Hernández, C.; Simó, R. Mechanisms of retinal
neuroprotection of calcium dobesilate: Therapeutic implications. Neural. Regen. Res. 2017, 12,
1620–1622.

32. Simó, R.; Hernández, C. Novel approaches for treating diabetic retinopathy based on recent
pathogenic evidence. Prog. Retin. Eye Res. 2015, 48, 160–180.

33. Chaturvedi, N.; Porta, M.; Klein, R.; Orchard, T.; Fuller, J.; Parving, H.H.; Bilous, R.; Sjølie, A.K.;
DIRECT Programme Study Group. Effect of candesartan on prevention (DIRECT-Prevent 1) and
progression (DIRECT-Protect 1) of retinopathy in type 1 diabetes: Randomised, placebo-
controlled trials. Lancet 2008, 372, 1394–1402.

34. Sjølie, A.K.; Klein, R.; Porta, M.; Orchard, T.; Fuller, J.; Parving, H.H.; Bilous, R.; Chaturvedi, N.;
DIRECT Programme Study Group. Effect of candesartan on progression and regression of
retinopathy in type 2 diabetes (DIRECT-Protect 2): A randomised placebo-controlled trial. Lancet
2008, 372, 1385–1393.



Treating Early and Advanced Stage of Diabetic Retinopathy | Encyclopedia.pub

https://encyclopedia.pub/entry/26074 9/11

35. ADVANCE Collaborative Group; Patel, A.; MacMahon, S.; Chalmers, J.; Neal, B.; Billot, L.;
Woodward, M.; Marre, M.; Cooper, M.; Glasziou, P.; et al. Intensive blood glucose control and
vascular outcomes in patients with type 2 diabetes. N. Engl. J. Med. 2008, 358, 2560–2572.

36. Simó, R.; Stitt, A.W.; Gardner, T.W. Neurodegeneration in diabetic retinopathy: Does it really
matter? Diabetologia 2018, 61, 1902–1912.

37. Thagaard, M.S.; Vergmann, A.S.; Grauslund, J. Topical treatment of diabetic retinopathy: A
systematic review. Acta Ophthalmol. 2022, 100, 136–147.

38. Hernández, C.; García-Ramírez, M.; Corraliza, L.; Fernández-Carneado, J.; Farrera-Sinfreu, J.;
Ponsati, B.; González-Rodríguez, A.; Valverde, A.M.; Simó, R. Topical administration of
somatostatin prevents retinal neurodegeneration in experimental diabetes. Diabetes 2013, 62,
2569–2578.

39. Hernández, C.; Bogdanov, P.; Corraliza, L.; García-Ramírez, M.; Solà-Adell, C.; Arranz, J.A.;
Arroba, A.; Valverde, A.M.; Simó, R. Topical Administration of GLP-1 Receptor Agonists Prevents
Retinal Neurodegeneration in Experimental Diabetes. Diabetes 2016, 65, 172–187.

40. Bogdanov, P.; Simó-Servat, O.; Sampedro, J.; Solà-Adell, C.; Garcia-Ramírez, M.; Ramos, H.;
Guerrero, M.; Suñé-Negre, J.M.; Ticó, J.R.; Montoro, B.; et al. Topical Administration of Bosentan
Prevents Retinal Neurodegeneration in Experimental Diabetes. Int. J. Mol. Sci. 2018, 19, 3578.

41. Liu, Y.; Leo, L.F.; McGregor, C.; Grivitishvili, A.; Barnstable, C.J.; Tombran-Tink, J. Pigment
epithelium-derived factor (PEDF) peptide eye drops reduce inflammation, cell death and vascular
leakage in diabetic retinopathy in Ins2Akita mice. Mol. Med. 2012, 18, 1387–1401.

42. Calado, S.M.; Diaz-Corrales, F.; Silva, G.A. pEPito-Driven PEDF Expression Ameliorates Diabetic
Retinopathy Hallmarks. Hum. Gene. Ther. Methods 2016, 27, 79–86.

43. Hernández, C.; Bogdanov, P.; Solà-Adell, C.; Sampedro, J.; Valeri, M.; Genís, X.; Simó-Servat,
O.; Garcia-Ramirez, M.; Simó, R. Topical administration of DPP-IV inhibitors prevents retinal
neurodegeneration in experimental diabetes. Diabetologia 2017, 60, 2285–2298.

44. American Diabetes Association. 6. Glycemic Targets: Standards of Medical Care in Diabetes—
2020. Diabetes Care 2020, 43, S66–S76.

45. The Diabetes Control and Complications Trial Research Group. Early worsening of diabetic
retinopathy in the Diabetes Control and Complications Trial. Arch. Ophthalmol. 1998, 116, 874–
886.

46. Henricsson, M.; Nilsson, A.; Janzon, L.; Groop, L. The effect of glycaemic control and the
introduction of insulin therapy on retinopathy in non-insulin-dependent diabetes mellitus. Diabet.
Med. 1997, 14, 123–131.



Treating Early and Advanced Stage of Diabetic Retinopathy | Encyclopedia.pub

https://encyclopedia.pub/entry/26074 10/11

47. Roysarkar, T.K.; Gupta, A.; Dash, R.J.; Dogra, M.R. Effect of insulin therapy on progression of
retinopathy in noninsulin-dependent diabetes mellitus. Am. J. Ophthalmol. 1993, 115, 569–574.

48. Gorman, D.M.; Le Roux, C.W.; Docherty, N.G. The Effect of Bariatric Surgery on Diabetic
Retinopathy: Good, Bad, or Both? Diabetes Metab. J. 2016, 40, 354–364.

49. Funatsu, H.; Yamashita, H.; Ohashi, Y.; Ishigaki, T. Effect of rapid glycemic control on progression
of diabetic retinopathy. Jpn. J. Ophthalmol. 1992, 36, 356–367.

50. Shurter, A.; Genter, P.; Ouyang, D.; Ipp, E. Euglycemic progression: Worsening of diabetic
retinopathy in poorly controlled type 2 diabetes in minorities. Diabetes Res. Clin. Pract. 2013, 100,
362–367.

51. Feldman-Billard, S.; Larger, É.; Massin, P. Standards for screening and surveillance of ocular
complications in people with diabetes SFD study group. Early worsening of diabetic retinopathy
after rapid improvement of blood glucose control in patients with diabetes. Diabetes Metab. 2018,
44, 4–14.

52. Bain, S.C.; Klufas, M.A.; Ho, A.; Matthews, D.R. Worsening of diabetic retinopathy with rapid
improvement in systemic glucose control: A review. Diabetes Obes. Metab. 2019, 21, 454–466.

53. Berrocal, M.H.; Acaba, L.A.; Acaba, A. Surgery for Diabetic Eye Complications. Curr. Diab. Rep.
2016, 16, 99.

54. Everett, L.A.; Paulus, Y.M. Laser Therapy in the Treatment of Diabetic Retinopathy and Diabetic
Macular Edema. Curr. Diab. Rep. 2021, 21, 35.

55. Arrigo, A.; Aragona, E.; Bandello, F. VEGF-targeting drugs for the treatment of retinal
neovascularization in diabetic retinopathy. Ann. Med. 2022, 54, 1089–1111.

56. Tan, G.S.; Cheung, N.; Simó, R.; Cheung, G.C.; Wong, T.Y. Diabetic macular oedema. Lancet
Diabetes Endocrinol. 2017, 5, 143–155.

57. Wong, T.Y.; Cheung, C.M.; Larsen, M.; Sharma, S.; Simó, R. Diabetic retinopathy. Nat. Rev. Dis.
Primers 2016, 2, 16012.

58. Vujosevic, S.; Simó, R. Local and Systemic Inflammatory Biomarkers of Diabetic Retinopathy: An
Integrative Approach. Investig. Ophthalmol. Vis. Sci. 2017, 58, BIO68–BIO75.

59. Aiello, L.P.; Avery, R.L.; Arrigg, P.G.; Keyt, B.A.; Jampel, H.D.; Shah, S.T.; Pasquale, L.R.;
Thieme, H.; Iwamoto, M.A.; Park, J.E. Vascular endothelial growth factor in ocular fluid of patients
with diabetic retinopathy and other retinal disorders. N. Engl. J. Med. 1994, 331, 1480–1487.

60. Madjedi, K.; Pereira, A.; Ballios, B.G.; Arjmand, P.; Kertes, P.J.; Brent, M.; Yan, P. Switching
between anti-VEGF agents in the management of refractory diabetic macular edema: A
systematic review. Surv. Ophthalmol 2022.



Treating Early and Advanced Stage of Diabetic Retinopathy | Encyclopedia.pub

https://encyclopedia.pub/entry/26074 11/11

61. Ciombor, K.K.; Berlin, J. Aflibercept—A decoy VEGF receptor. Curr. Oncol. Rep. 2014, 16, 368.

62. D’Amore, P.A. Vascular endothelial cell growth factor-a: Not just for endothelial cells anymore.
Am. J. Pathol. 2007, 171, 14–18.

63. Simó, R.; Sundstrom, J.M.; Antonetti, D.A. Ocular Anti-VEGF therapy for diabetic retinopathy: The
role of VEGF in the pathogenesis of diabetic retinopathy. Diabetes Care 2014, 37, 893–899.

64. Nishijima, K.; Ng, Y.S.; Zhong, L.; Bradley, J.; Schubert, W.; Jo, N.; Akita, J.; Samuelsson, S.J.;
Robinson, G.S.; Adamis, A.P.; et al. Vascular endothelial growth factor-A is a survival factor for
retinal neurons and a critical neuroprotectant during the adaptive response to ischemic injury. Am.
J. Pathol. 2007, 171, 53–67.

65. Whitehead, M.; Osborne, A.; Widdowson, P.S.; Yu-Wai-Man, P.; Martin, K.R. Angiopoietins in
Diabetic Retinopathy: Current Understanding and Therapeutic Potential. J. Diabetes Res. 2019,
2019, 5140521.

66. Khalaf, N.; Helmy, H.; Labib, H.; Fahmy, I.; El Hamid, M.A.; Moemen, L. Role of Angiopoietins and
Tie-2 in Diabetic Retinopathy. Electron. Physician 2017, 9, 5031–5035.

67. Sahni, J.; Patel, S.S.; Dugel, P.U.; Khanani, A.M.; Jhaveri, C.D.; Wykoff, C.C.; Hershberger, V.S.;
Pauly-Evers, M.; Sadikhov, S.; Szczesny, P.; et al. Simultaneous Inhibition of Angiopoietin-2 and
Vascular Endothelial Growth Factor-A with Faricimab in Diabetic Macular Edema: BOULEVARD
Phase 2 Randomized Trial. Ophthalmology 2019, 126, 1155–1170.

68. Ehlers, J.P.; Yeh, S.; Maguire, M.G.; Smith, J.R.; Mruthyunjaya, P.; Jain, N.; Kim, L.A.; Weng,
C.Y.; Flaxel, C.J.; Schoenberger, S.D.; et al. Intravitreal Pharmacotherapies for Diabetic Macular
Edema: A Report by the American Academy of Ophthalmology. Ophthalmology 2022, 129, 88–99.

69. Bandello, F.; Preziosa, C.; Querques, G.; Lattanzio, R. Update of intravitreal steroids for the
treatment of diabetic macular edema. Ophthalmic. Res. 2014, 52, 89–96.

Retrieved from https://encyclopedia.pub/entry/history/show/63933


