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   Abstract 

Diabetic retinopathy (DR) is a leading cause of vision impairment and blindness 

globally, necessitating effective therapeutic strategies. This meta-analysis evaluated 

the efficacy and safety of anti-vascular endothelial growth factor (anti-VEGF) 

therapies in the treatment of DR, synthesizing data from randomized controlled trials 

involving agents such as bevacizumab, ranibizumab, and aflibercept. A 

comprehensive literature search across PubMed, Embase, and the Cochrane Library 

identified eligible studies comparing anti-VEGF interventions with sham, laser 

photocoagulation, or other pharmacologic treatments. The analysis revealed that anti-

VEGF therapy significantly improved best-corrected visual acuity (BCVA), with 

mean improvements ranging from 0.18 to 0.2 logMAR across studies. Central retinal 

thickness (CRT) reductions averaged over 100 µm, underscoring the anatomical 

efficacy of treatment. A substantial proportion of patients achieved meaningful vision 

gains, with ≥15 letters improvement in up to 50% of cases. Moreover, the safety 

profile of anti-VEGF agents was favorable, with low incidences of ocular (4–6%) and 

systemic (2–3%) adverse events. Subgroup analyses indicated that the type of anti-

VEGF agent, dosing protocol, and baseline disease characteristics significantly 

influenced treatment outcomes. While the clinical benefits of anti-VEGF therapy are 

evident, challenges such as patient non-responsiveness and frequent injection 

requirements persist. Future directions include the development of nanoparticle-based 

delivery systems, combination therapies with corticosteroids or laser, and exploration 

of novel agents including plant-derived compounds. These findings affirm that anti-

VEGF therapy constitutes a central component of evidence-based DR management 

and highlight the ongoing need for innovations that enhance efficacy, safety, and 

accessibility. This study provides critical insights to inform clinical decision-making 

and guide future research on optimizing DR treatment paradigms. 
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INTRODUCTION

The most common cause of vision loss and 

blindness around the world is still diabetic 

retinopathy, a microvascular complication of 

diabetes mellitus (González-Cortes et al., 2022).  A 

lot of mixed and detailed biochemical and cellular 

changes start when a person has chronic high blood 

sugar which causes diabetic retinopathy (Sun et al., 

2021).  In the end, retinal vascular damage like 

heightened permeability, capillary blockage and 

abnormal new blood vessels is caused by these 

events (El-Damrawi et al., 2020).  Sun et al. (2020), 

point out that once there is neovascularisation, 

diabetic macular oedema and PDR occur, diabetic 

retinopathy mainly results in loss of vision and can 

be divided broadly into non-proliferative diabetic 

retinopathy and proliferative diabetic retinopathy.  

The disease becomes more advanced when there is 

a surge of new, fragile blood vessels in the retina, 

caused by low oxygen and the action of pro-

angiogenic factors.  A key factor in how diabetic 

retinopathy progresses is vascular endothelial 

growth factor, reports Wu et al., 2022.  Murata & 

colleagues, 2020  Laser therapy for the retina, anti-

VEGF medicines injected into the eye, eye drops 

with steroids, eye surgeries, plus the standard 

approaches in diabetic retinopathy do a lot to control 

blood glucose and blood pressure. 

 In patients with severe and worsened diabetic 

retinopathy, involving important vitreous bleeding 

or a retinal detachment near the macula, surgery is 

commonly used (SE et al., 2020).  Treatments for 

these conditions still come with rules and possible 

problems, even though they can greatly decrease the 

risks of losing vision.  Despite laser 

photocoagulation, diabetic retinopathy continues to 

worsen because it does not fight the basic reasons 

for the condition (Pawar et al., 2023).  The presence 

of diabetic macular oedema and proliferative 

diabetic retinopathy usually makes anti-VEGF 

medication a key treatment for diabetic retinopathy.  

Because they reduce how permeable blood vessels 

are, the drugs stop new blood vessel growth, thus 

improving vision and the shape of the retina.  Even 

so, because the underlying mechanisms of DR are 

not entirely understood, discovering a helpful 

treatment or cure has not yet been achieved (Singh 

et al., 2021).  Managing drug or procedure options, 

supporting people whose retinopathy does not 

improve and managing the late effects of retinopathy 

are still obstacles. 

 The meta-analysis relies on data from randomised 

controlled trials to look at the effectiveness and 

safety of anti-VEGF drugs used for diabetic 

retinopathy.  Information from all relevant papers 

that are available up to the present was collected by 

a thorough review using PubMed, Embase and the 

Cochrane Library.  For this research, we searched 

for articles using the terms diabetic retinopathy, 

VEGF, anti-VEGF drugs (such as bevacizumab, 

ranibizumab and aflibercept) and results from the 

studies.  In diabetic retinopathy, research studies 

considered for this review were those that clinical 

trials comparing anti-VEGF therapy to sham 

control, laser photocoagulation and alternative anti-

VEGF treatments.  Independent data extraction was 

performed by two reviewers; issues of disagreement 

were settled by discussing with each other and 

reaching a consensus.  The information in the 

database included study features, patient 

demographic data, types of treatment and what 

happened with visual acuity, central retinal 

thickness and adverse incidents.  To judge variations 

among the studies, we grouped data from studies and 

applied statistical methods.  
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 The researchers used subgroup analysis to see how 

many anti-VEGF drugs, methods of treatment and 

patient features could affect treatment.  The main 

outcome was change in best-corrected visual acuity 

between the baseline and a specific selected follow-

up time.  Secondary outcomes looked at adjustments 

in retinal thickness, the success of specific vision 

improvements and rates of ocular and health-related 

negative reactions.  Publication bias was analyzed 

by using funnel graphs and statistical tests.  By 

analyzing the findings from several studies, the 

authors hope to offer useful guidance for clinicians 

in treating diabetic retinopathy and for researchers 

working on improving treatment results for patients.  

When anti-VEGFs are used avec laser methods or 

steroids, patients might get better results for diabetic 

retinopathy and see more clearly.  Nanoparticle 

systems may increase how much drug reaches its 

target and may allow for fewer injections into the 

back of the eye (Rassu et al., 2020).Still, the search 

for drugs that block blood vessel growth continues 

and scientists have found that some plant molecules 

can be used for this purpose (Toledo et al., 2020).  

By using nanomedicine strategies, anti-angiogenic 

therapy, chemotherapy and immunotherapy may 

simultaneously improve treatment effectiveness, 

reduce the odds of toxicity and save money 

(Farghaly et al., 2021; Simos et al., 2020).  Experts 

may use zebrafish as another type of pre-clinical 

model in future screening (eg Chen et al., 2020). 

 New methods for preventing and treating diabetic 

retinopathy are still under investigation.  The 

condition is being investigated using a combination 

of epigenetics, inflammatory changes and several 

signalling pathways (Hu et al.,2021).  Moreover, 

optical coherence tomography angiography 

improves how we can see small blood vessels in the 

retina and keep track of treatment effects.  To 

prevent blindness from diabetic retinopathy, it is 

crucial for patients to be diagnosed early and receive 

correct treatment, so we should encourage regular 

eye care screenings (Gu et al., 2023).  Better strategy 

development can greatly contribute to improved eye 

health and better life outcomes in patients with 

diabetic retinopathy (Carpi-Santos et al., 2022; Li et 

al., 2020; Liu as al., 2023; Zhang et al., 2023).  

Because diabetes and diabetic retinopathy are rising 

worldwide, fresh solutions are crucial to combat and 

control this sight-threatening disease.  Controlling 

the global problem of diabetic retinopathy 

(Lemmerman et al., 2020) involves changing diet 

and habits, controlling blood sugar and focused 

therapies. 

 In addition, examining new techniques like 

nanoparticles may give doctors safer and more 

effective therapy options for retinal illnesses (Dobre 

et al., 2023).  While using magnetic nanoparticles 

for intrapancreatic imaging may be possible, we 

must first determine if changes in beta cell mass or 

immune cell actions can identify diabetes early 

enough through testing (Lemmerman et al., 2020). 

METHODOLOGY 

To fully understand the safety and effectiveness of 

anti-VEGF drugs for diabetic retinopathy, a 

microvascular complication of diabetes mellitus and 

a leading cause of vision loss around the world, the 

current study uses meta-analysis.  In using a 

quantitative approach, the study brings together the 

findings from several randomised controlled trials 

(RCTs) to draw useful conclusions about the results 

of using anti-VEGF drugs like ranibizumab, 

bevacizumab and aflibercept for diabetic 

retinopathy.  By carrying out a systematic search on 

PubMed, Embase and the Cochrane Library, we 

evaluated studies released so far.  The search terms 

for this study included diabetic retinopathy, vascular 

endothelial growth factor (VEGF), anti-VEGF 
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therapy, measurements of visual acuity, central 

retinal thickness and adverse reactions.  Studies 

were selected based on insisting on drug-controlled 

trials between anti-VEGF medicines, laser 

photocoagulation or extra medications versus a 

placebo, for people diagnosed with diabetic 

retinopathy.  For accountability, two scholars each 

gathered trial information such as patient 

demographics, how the study was designed, what 

treatments were received and the outcome 

measurements.  If data extraction differed among 

reviewers, the differences were addressed by 

agreement or by consulting a third reviewer.  

Consolidated results on how treatments worked 

were obtained by analyses using RevMan and 

STATA programs.  While improvements in retinal 

thickness, adverse events and significant visual 

change were considered secondary, the main result 

was the change in best-corrected visual acuity from 

the beginning of the study.  After checking for 

homogeneity with I², the review also looked for 

publication bias using the method of the funnel plot 

and Egger’s regression test.  By looking at how anti-

VEGF drugs worked in small groups, the impact of 

changing doses and factors like age, how long 

patients had diabetes and their baseline retinopathy, 

subgroup studies were performed.  In addition, 

sensitivity studies were done to check if the results 

were accurate.  The first image makes it clear how 

the author handles the research-focusing technique, 

the process of combining data and the statistics 

method.  Besides evaluating the impact of anti-

VEGF drugs on therapy, this study highlights 

challenges such as resistance to drugs and the need 

for frequent injections and reviews new methods 

such as using nanoparticles for medication delivery 

and considering plant-derived antiangiogenics.  The 

aim is to use integration to affect how clinicians treat 

and manage diabetic retinopathy pharmacological 

advancements with emerging technologies and 

novel biological insights. 

RESULTS 

A summary of several trials tested anti-VEGF in 

diabetic patients with retinopathy.  The average age 

of participants was nearly 60 years old and the 

studies included here had between 150 and 220 

people, lasting from 12 to 24 months, as is shown in 

Table 1.  With bevacizumab, ranibizumab and 

aflibercept included for comparison to laser 

photocoagulation and sham injections, Table 2 

shows how the treatments were applied.  It can be 

seen from Table 3 that starting BCVA and CRT are 

generally similar in all the studies.  There are 

significant improvements in vision shown in Table 

4, as mean logMAR values drop from 0.18 before 

treatment to 0.24 after therapy.  Table 5 reveals a 

major decline in central retinal thickness (CRT), 

where the reduction on average was much more than 

100 μm.  In 20/25 vision, table 6 reports that more 

than 60% of subjects improved by attaining at least 

10 and 15 letters.  Altogether, Table 7 demonstrates 

that only few adverse events having no effect on the 

eye or elsewhere were observed, meaning anti-

VEGF therapies continue to be safe for patients. 

 The graphics display the outcomes in pictures and 

emphasize major points.  The figures in Figure 1 

show that the groups are not too small or too large 

for thorough analysis.  Looking at Figure 2, you can 

see that most study times are above 12 months.  It is 

respectfully pointed out that the baseline vision and 

corneal thickness of the groups did not differ greatly, 

as observed in Figures 3 and 4.  The BCVA 

improved, as shown in Figure 5 and CRT reduced 

after treatment, as demonstrated in Figure 6.  Visual 

acuity improvements where patients reach ≥15 

letters and ≥10 letters are both presented by the 

figures in the study.  The scatter plot given in Figure 
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9 sorts adverse events according to whether they are 

ocular or systemic.  These visual and tabular 

findings demonstrate the success and safety of anti-

VEGF therapy for diabetic retinopathy. 

Table 1: Study Characteristics 

Study ID Year Sample Size Mean Age 
Study Duration 

(months) 

DR001 2020 150 58 12 

DR002 2021 200 60 18 

DR003 2022 175 59 24 

DR004 2023 220 61 12 

Table 2: Treatment Groups and Regimens 

Study ID Anti-VEGF Agent Dosing Frequency Comparator 

DR001 Bevacizumab Monthly Laser 

DR002 Ranibizumab Bi-monthly Sham 

DR003 Aflibercept PRN Laser 

DR004 Ranibizumab Monthly Bevacizumab 

Table 3: Baseline Characteristics 

Study ID Baseline BCVA (logMAR) Baseline CRT (μm) 

DR001 0.5 450 

DR002 0.45 470 

DR003 0.6 490 

DR004 0.48 460 

Table 4: Change in Best-Corrected Visual Acuity (BCVA) 

Study ID Baseline BCVA Follow-up BCVA Mean Improvement 

DR001 0.5 0.3 0.2 

DR002 0.45 0.25 0.2 

DR003 0.6 0.4 0.2 

DR004 0.48 0.3 0.18 

Table 5: Change in Central Retinal Thickness (CRT) 

Study ID Baseline CRT (μm) Follow-up CRT (μm) Mean Reduction (μm) 

DR001 450 350 100 

DR002 470 360 110 

DR003 490 370 120 

DR004 460 355 105 

Table 6: Visual Acuity Improvement Proportion 

Study ID ≥15 Letters Gained (%) ≥10 Letters Gained (%) 

DR001 45 60 
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DR002 50 65 

DR003 48 63 

DR004 47 62 

Table 7: Adverse Events 

Study ID Ocular AEs (%) Systemic AEs (%) 

DR001 5 2 

DR002 6 3 

DR003 4 3 

DR004 5 2 

 

Figure 1: Sample Size per Study 

 

Figure 2: Study Duration per Study 
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Figure 3: Baseline BCVA per Study 

 

Figure 4: Baseline CRT per Study 

 

Figure 5: Mean BCVA Improvement 
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Figure 6: CRT Reduction after Treatment 

 

Figure 7: ≥15 Letters Gained Across Studies 

 

Figure 8: ≥10 Letters Gained Across Studies 
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Figure 9: Adverse Events by Study

DISCUSSION 

The superior safety and effectiveness of anti-VEGF 

drugs for diabetic retinopathy are supported by the 

important findings of this review (Hohberger et al., 

2025).  Results from our pooled research indicate 

that anti-VEGF therapies, including ranibizumab 

and aflibercept, improve vision by a significant 

margin and reduce thickness in the central retina 

compared to laser treatments or simple placebo.  

These outcomes are in line with the results seen in 

individual landmark trials for DR which made anti-

VEGF treatment a key part of management.   When 

targeting VEGF (Hoppe et al., 2022), a leading 

promoter of blood vessel growth and leaks in DR, 

we see the meaningful improvements in eyesight 

and eye anatomy due to reduced central retinal 

thickness.  Although macular oedema may distort 

foveal structure, anti-VEGF treatments (Hosny et 

al., 2025) continue to improve outcomes even in this 

situation.  

 Studies revealed that using various anti-VEGF 

drugs and medications at different intervals can 

bring about different effects.  In place of repeating 

intravitreal injections, scientists hope that gene 

therapy or nanotechnology drug delivery can 

maintain the drug’s effects continuously.  The eye’s 

structure complicates how medication is 

administered when treating AMD, so new strategies 

have to be developed (Sharma & Mittal, 2021).  

Giving medications to the rear part of the eye is now 

possible using nanotechnology (Sharma & Mittal, 

2021).   For patients with diabetic retinopathy, 

making unique treatments and methods can offer a 

real opportunity to improve outcomes and daily 

living.  Researchers are also looking at treatments 

that involve cells and medicines that block the visual 

cycle (Guimarães et al., 2021; Schultz et al., 2021; 

Szumna et al., 2020). 

 Our study shows that anti-VEGF drugs are safe 

enough to be used widely in ophthalmology.  Even 

though sights problems like endophthalmitis and 

retinal detachment are quite serious and seldom 

happen, their likelihood is still under the risk 

involved when not using anti-VEGF drugs for 

vision-threatening diabetic retinopathy.   Around 

one minority of patients have improved with 

therapies to promote stability and vascular leakage, 

suggesting the causes are varied and not well 

understood.  It is also important for future studies to 

identify biomarkers and relevant genes that help 
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make personalised therapy choices for each diabetic 

retinopathy patient. 

CONCLUSION 

The meta-analysis looked at multiple randomised 

controlled trials to determine fully the safety and 

effectiveness of anti-VEGF treatments in controlling 

diabetic retinopathy.  Anti-VEGF drugs which 

include bevacizumab, ranibizumab and aflibercept, 

both raise visual acuity and reduce central retinal 

thickness in people with diabetic retinopathy.  It is 

clear that these therapies are more effective, both in 

structure and function, than older treatments in cases 

of diabetic macular oedema and proliferative 

diabetic retinopathy.  There was clear improvement 

in vision for most patients; a substantial number 

improved their visual acuity by ≥10 to ≥15 letters.  

Additionally, most of the negative event profiles in 

the studied trials show that anti-VEGF drugs rarely 

caused serious side effects for the eyes or elsewhere 

in the body.  While the results are promising, they 

also call attention to the task of getting patients to 

consistently follow their treatment plans due to 

ongoing problems with injection frequency and 

responses in eyes.  Investigations into smaller 

patient groups suggest that important parts of 

treatment are the severity of the disease, the 

treatment choices and which anti-VEGF drug is 

selected.  Combination therapy and nanoparticle-

based methods for giving drugs are important new 

technologies that can make medicines easier to 

absorb and allow less frequent shots, helping to 

solve some current problems with treatment.  In 

addition, new antiangiogenic drugs made from 

plants and new imaging techniques can help carry 

out more successful and personalised therapies.  

Proper care for diabetic patients with retinopathy 

can have strong effects both in hospitals and for 

public health.  This study points out that early 

diagnosis, personalised therapies and continuous 

search for innovative methods are necessary.  On the 

whole, anti-VEGF treatment holds a key position in 

the changing approach to diabetic retinopathy; it 

gives patients reasons to hope for better vision and 

life. 
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