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Abstract 

Background: Oxidative stress plays a vital role in the development of diabetes and its 

complications like retinopathy. Free radical generation in diabetic patients is also responsible for 

alterations in RBC morphology. This study aims to assess the effect of α-tocopherol (vitamin E) 

and ascorbic acid (vitamin C) in arresting the progression of diabetic retinopathy and uses red blood 

cell (RBC) morphology as a biomarker of oxidative stress. Materials and methods: This 

interventional, randomized, open-label pilot study was conducted on 60 adult patients with non-

proliferative diabetic retinopathy (NPDR) at a tertiary ophthalmic hospital. Patients were 

randomized into two groups (n=30 each). The control group received standard antidiabetic 

treatment, while the study group received add-on therapy with vitamin C 500 mg and vitamin E 

400 mg twice daily for 12 weeks. Assessments were performed at baseline and every 4 weeks, with 

a 4-week post-treatment follow-up. Results: There was a statistically significant reduction in 

fasting blood glucose in the study group compared to control at 12 weeks (ANCOVA p<0.001). 

The study group showed a highly significant reduction in crenated RBCs with Heinz bodies (from 

80.40% to 7.20%, p<0.001) versus minimal change in control (82.57% to 82.33%). Hemoglobin 

and total RBC count increased significantly in the study group only (p<0.001). Conclusions: 

Supplementation with vitamins C and E as add-on therapy arrested progression of NPDR, improved 

visual acuity, normalized RBC morphology, and improved hematological parameters. These 

findings support the role of oxidative stress in diabetic retinopathy and the potential disease-

modifying effect of antioxidants. 
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Graphical Abstract 

 

 

Introduction 

Diabetes mellitus is a chronic 

metabolic disorder characterized by 

hyperglycemia, glycosuria, hyperlipidemia, 

and negative nitrogen balance due to 

defects in insulin secretion and/or action. 

Globally, an estimated 422 million adults 

are living with diabetes mellitus, of which 

type-II diabetes makes up about 85–90% of 

all cases [1–3]. In India, diabetes affects 

more than 62 million people, which is more 

than 7.1% of the adult population [4–6]. 

Among its complications, diabetic 

retinopathy is a major sight-threatening 

condition leading to blindness [7]. Nearly 

all patients with type I diabetes develop 

retinopathy within 15 years, while in type II 

diabetes the prevalence increases with 

disease duration: approximately 50% after 

10 years, 70% after 20 years, and 90% after 

30 years [8–10]. 

Oxidative stress, defined as an 

imbalance between free radical production 

and antioxidant defence [11,12]. Free 

radicals are products of normal cellular 

metabolism and can oxidize biomolecules 

leading to tissue injury [13,14]. Chronic 

hyperglycemia increases reactive oxygen 

species (ROS) generation [15,16], which 

triggers lipid peroxidation and produces 

inflammatory mediators such as F2-

isoprostanes [17-19]. These isoprostanes 

promote insulin resistance, antagonize 

insulin action, and reduce nitric oxide 

bioavailability, leading to vasoconstriction 

and tissue ischemia [20, 21]. 

Red blood cells (RBCs), being 

enucleated and highly susceptible to 

oxidative damage, undergo membrane 

alterations, crenation, and hemolysis, 

contributing to anaemia. ROS also 

denatures hemoglobin, forming Heinz 

bodies and impairing oxygen-carrying 

capacity[22]. These changes, along with 

hyperglycemia-induced polyol pathway 

activation and sorbitol accumulation, 

exacerbate retinal ischemia, hypoxia, and 

the characteristic lesions of diabetic 
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retinopathy (microaneurysms, 

hemorrhages, exudates, neovascularisation, 

and macular edema) [23–26]. 

α-Tocopherol (vitamin E) is a 

potent lipid-soluble antioxidant that inhibits 

membrane lipid peroxidation, protects RBC 

integrity against hemolysis, and reduces 

retinal hypoxia [27–29]. Ascorbic acid 

(vitamin C) scavenges superoxide radicals, 

suppresses isoprostane formation, 

improves insulin sensitivity, reduces 

protein glycosylation and sorbitol 

accumulation, and enhances nitric oxide-

mediated vasodilatation [30,31]. By 

mitigating oxidative stress and associated 

vascular events, early supplementation with 

vitamins C and E may arrest or reverse 

early signs of diabetic retinopathy [32–35]. 

The present study was conducted to 

evaluate the effect of vitamins C and E on 

insulin resistance, glycemic control, 

progression of diabetic retinopathy, and 

hemolytic anemia (using RBC morphology 

as a biomarker of oxidative stress) in a 

randomized, open-label, comparative pilot 

study.  

 

Objectives of this study 

Primary objective 

To evaluate the efficacy of 

antioxidants (vitamin C and E) as add-on 

therapy in arresting the progression of 

diabetic retinopathy.  

 

Secondary objectives 

To evaluate morphological changes 

in red blood cells due to oxidative stress and 

their reversal with vitamins C and E; to 

assess improvement in hemoglobin and 

RBC count. 

 

Materials and Methods 

The study was conducted at the 

Regional Institute of Ophthalmology and 

Government Ophthalmic Hospital, 

Egmore, Chennai, and the Institute of 

Diabetology, Rajiv Gandhi Government 

General Hospital, Chennai from June 2016-

January 2017. 

 

Study Design 

Open-label, randomized, 

comparative pilot study with 60 patients (30 

per group). Total duration per patient was 

16 weeks (12 weeks intervention + 4 weeks 

post-treatment follow-up). 

 

Inclusion Criteria 

Patients of either sex aged 40-70 

years, diagnosed with diabetic retinopathy 

(very mild to very severe NPDR), type-II 

diabetes mellitus for >5 years, on standard 

treatment, and willing to give informed 

consent. 

 

Exclusion Criteria 

Proliferative diabetic retinopathy, 

previous ocular surgery or injections, other 

ocular diseases, uncontrolled hypertension, 

renal or hepatic dysfunction. 

 

Study Procedure  

Out of 134 patients screened, 60 

eligible patients with non-proliferative 

diabetic retinopathy (NPDR) were enrolled 

after obtaining written informed consent. 

Participants were randomised (1:1) using 

simple randomisation into two groups. The 

control group (n=30) received standard 

antidiabetic therapy (oral hypoglycemic 

agents and/or insulin). The study group 

(n=30) received standard antidiabetic 

therapy plus ascorbic acid (vitamin C) 500 

mg and α-tocopherol (vitamin E) 400 mg 

twice daily for 12 weeks. Compliance was 

monitored using empty blister packs at 4-

weekly follow-up visits (weeks 4, 8, and 

12). After completion of the 12-week 
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intervention, all patients were followed up 

for an additional 4 weeks without study 

medication to assess the sustainability of 

effects on diabetic retinopathy grading and 

RBC morphology. 

 

Assessments 

Diabetic retinopathy grading 

(ETDRS scale), RBC morphology (% 

crenated RBCs with Heinz bodies), fasting 

blood glucose, hemoglobin, RBC count, 

and visual acuity at baseline, 4, 8, and 12 

weeks. 

 

Statistical Analysis 

Data were analyzed using SPSS 

version 21. Within-group changes were 

assessed by paired t-test/Wilcoxon signed-

rank test. Between-group comparisons used 

independent t-test/Mann-Whitney U test 

and ANCOVA. A p-value <0.05 was 

considered statistically significant. 

 

Results 

The mean duration of diabetes in the 

control group was 9.97 years and the study 

group was 10.07 years, which was 

statistically insignificant (P=0.924). There 

was no significant statistical difference 

between the groups. Intergroup analysis 

showed that both the groups were 

comparable at 0 weeks (P=0.370), but at the 

end of 12 weeks there was a greater 

reduction in fasting blood glucose level in 

the study group (176.60 to 105.77 mg/dL) 

compared to the control group (172.17 to 

150.80 mg/dL) and this was found to be 

statistically significant (P<0.001). There 

was no significant difference between the 

control and study group at 0 weeks 

(P=0.253), whereas, at the end of 12 weeks, 

the study group showed a significant 

decrease in the percentage of crenated 

RBCs (P<0.001). 

The mean hemoglobin (Hb) was 

below average in both the control (11.25 

gm/dl) and study group (10.8 gm/dl) at 0 

weeks. After 12 weeks, the study group 

showed a significant increase in Hb 

(12.27gm/dL, P<0.001), while the control 

group did not show any significant 

difference (11.16 gm/dL, P=0.228). 

Between the groups, at 0 weeks there was 

no statistical difference (P=0.138) but at the 

end of 12 weeks, the study group showed a 

significant increase in hemoglobin than the 

control group (P=0.001). The mean total 

RBC count significantly increased in the 

study group from 3.94 million/μL at 0 

weeks to 4.58 million/μL at 12 weeks 

(P=<0.001), while there was no statistically 

significant difference in the control group 

(0 weeks-4.02 million/μL, 12 weeks-4.01 

million/μL, P=0.491).  

The two groups were comparable at 

the beginning of the study (P=0.393). But at 

the end of the 12 weeks, the study group 

showed a significant increase in RBC count 

(P=<0.001). The morphology of RBCs 

before (crenated RBC) and after (normal 

RBC) is shown in Figure 1. The number of 

patients with the grading of diabetic 

retinopathy among study participants is 

depicted in Table 1. 
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Figure 1. Morphology of RBCs, A-Before (crenated RBC), B-After (normal RBC) 
RBC-Red blood cells 

 

Table 1. Grading of diabetic retinopathy among study participants 

 

Study population   Grading   0 week At the end of 12 

weeks 

  P-value 

Control group (n=30) Normal 0 0 0.09 

Very mild 0 1 

Mild 3 0 

Moderate 9 10 

Severe 12 12 

Very severe 6 7 

Study group (n=30) Normal 0 1  0.001 

(Significant) Very mild 0 13 

Mild 0 14 

Moderate 3 2 

Severe 12 0 

Very severe 15 0 

P-value 0.665 0.019  (Significant)   

Intergroup analysis at 12 weeks showed a statistically significant improvement in DR grading 

in the study group (p=0.019). 

 

Visual status and complications 

among the study participants at the end of 

12 weeks is shown in Tables 2 and 3 

respectively. The fundus images of non-

proliferative diabetic retinopathy are shown 

in Figure 2. 

 

Table 2. Visual status among study participants at the end of 12 weeks 

 

Visual acuity Control group (n=30) Study group (n=30) 

Number of patients (%) Number of patients (%) 

Improved ≥6/12 1 (3.33%) 6 (20%) 

Stable 6/18–6/36 20 (66.67%) 23 (76.67%) 

Deterioration ≤6/60 9 (26.67%) 1 (3.33%) 
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Table 3. Complications among the study participants 

 

Adverse events Control group (n=30) Study group (n=30) P-value 

Nausea 3 1 - 

Abdominal pain 1 1 - 

Diarrhea 2 0 - 

Hypoglycemia 2 1 - 

Metallic taste 1 1 - 

Incidence 30% 13% 0.209* 
*P-value calculated using Fisher’s Exact Test for overall incidence between groups. Individual event 

frequencies were too small for independent robust statistical comparison. The difference in overall 

incidence is not statistically significant (p > 0.05). 

 

All events were mild. Beneficial 

effects on DR grading, visual acuity, and 

RBC morphology were sustained during 

the 4-week post-treatment follow-up. 

 

 
 

Figure 2. Fundus images showing non-proliferative diabetic retinopathy, A-

Before treatment, B-After treatment 

 

Discussion 

Diabetic retinopathy is a 

microangiopathy characterized by 

microaneurysms, retinal hemorrhages, hard 

exudates, and cotton wool spots. 

Complications of proliferative diabetic 

retinopathy, including vitreous 

hemorrhage, neovascular glaucoma, and 

tractional retinal detachment, remain major 

causes of blindness [36]. Approximately 

50% of diabetic patients develop 

retinopathy after 10 years and 90% after 30 

years of disease onset [37]. 

In diabetes, hyperglycemia-driven 

excess free radical production coupled with 

antioxidant deficiency leads to oxidative 

tissue damage. Oxidative injury to RBC 

membranes results in crenated cells with 

loss of biconcave shape, while hemoglobin 

denaturation produces Heinz bodies [22]. 

These damaged RBCs undergo accelerated 

destruction in the spleen, causing hemolytic 

anemia [38,39]. Reactive oxygen species 

(ROS) also reduce nitric oxide 

bioavailability, promoting vasospasm [40], 

while lipid peroxidation of cell membranes 
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increases arachidonic acid and generates 

inflammatory isoprostanes [41]. 

Collectively, hemolytic anemia, 

vasospasm, and chronic inflammation 

contribute to retinal ischemia and 

progression of diabetic retinopathy[41]. 

The present study evaluated the 

efficacy of antioxidants α-tocopherol 

(vitamin E 400 mg) and ascorbic acid 

(vitamin C 500 mg) twice daily as add-on 

therapy to standard antidiabetic treatment 

in patients with non-proliferative diabetic 

retinopathy (NPDR) of more than five years 

duration. Sixty patients were randomized 

into control (standard therapy) and study 

groups (n=30 each) and followed for 12 

weeks of treatment plus 4 weeks post-

treatment. 

Both groups had comparable 

baseline characteristics (mean age ≈53 

years, mean diabetes duration ≈10 years). 

After 12 weeks, the study group showed 

significantly greater reduction in fasting 

blood glucose (176.60 to 105.77 mg/dL, 

P<0.001) compared to the control group 

(172.17 to 150.80 mg/dL, P=0.025), with 

intergroup difference P<0.001, indicating 

improved glycemic control with 

antioxidant supplementation. 

Oxidative stress markers improved 

markedly in the study group. The 

percentage of crenated RBCs with Heinz 

bodies decreased dramatically from 

80.40% to 7.20% (P<0.001), while no 

significant change occurred in the control 

group. Reticulocyte count fell from 2.50% 

to 0.40% (P<0.001) in the study group only. 

Hemoglobin rose from 10.8 to 12.27 g/dL 

(P<0.001) and total RBC count increased 

from 3.94 to 4.58 million/μL (P<0.001) in 

the study group, confirming that 

antioxidant therapy reduces free radical-

induced RBC damage, hemolysis, and 

associated anemia [33,44]. 

Regarding retinopathy, ETDRS 

grading by fundus examination showed 

statistically significant regression in the 

number of patients with very severe, severe, 

and moderate NPDR in the study group 

(P=0.001) but not in the control group 

(P=0.09). Intergroup analysis confirmed 

greater reduction in retinopathy severity 

(P=0.019). Visual acuity improved in 20% 

of the study group versus 3.33% in the 

control group. 

Antioxidants exert these benefits by 

scavenging ROS, preserving nitric oxide 

bioavailability to prevent vasospasm, 

reducing isoprostane-mediated 

inflammation, protecting RBC membrane 

integrity, and improving tissue 

oxygenation. Mild adverse effects (nausea, 

abdominal pain, diarrhea, hypoglycemia, 

metallic taste) were less frequent and less 

severe in the study group. Beneficial effects 

on glycemic control, RBC morphology, 

anemia, retinopathy grading, and visual 

acuity were sustained at the 4-week follow-

up in the study group. 

These findings are largely 

consistent with previous study reports on 

antioxidant therapy in diabetic retinopathy, 

although the magnitude and rapidity of 

improvement observed here appear more 

pronounced. Sanz-González et al. 

demonstrated that long-term 

supplementation with a multi-antioxidant 

formulation (including vitamins C and E) 

significantly slowed the progression of 

diabetic retinopathy over 60 months in 

patients with mild-to-moderate NPDR [34]. 

Similarly, Chatziralli et al. reported 

reduced oxidative stress markers and 

improved outcomes with vitamin E 

supplementation in insulin-dependent type 

2 diabetes patients with retinopathy [29]. 

However, several other randomized 

controlled trials have demonstrated only 
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modest or inconsistent benefits on 

retinopathy progression with shorter 

durations or single-antioxidant regimens, 

while some studies found no significant 

structural improvement. 

In conclusion, the addition of 

vitamins C and E to standard therapy 

resulted in superior glycemic control, 

normalization of RBC morphology, 

correction of hemolytic anemia, 

arrest/regression of NPDR, and better 

visual outcomes. These findings highlight 

the central role of oxidative stress in 

diabetic retinopathy and support RBC 

morphology as a simple, accessible 

biomarker of oxidative damage. 

 

Limitations 

Small sample size, short duration, 

open-label design. Larger, double-blind, 

randomized controlled trials with longer 

follow-up and inclusion of HbA1c and 

masked fundus photography grading are 

warranted. 

 

Conclusions 

Free radicals contribute 

significantly to the complications of 

diabetes. Antioxidants like α-tocopherol 

(vitamin E) and ascorbic acid (vitamin C) 

act as disease-modifying agents by 

reducing oxidative stress and insulin 

resistance. This pilot study demonstrates 

their potential in arresting diabetic 

retinopathy progression, normalizing RBC 

morphology, and improving quality of life 

in type-II diabetic patients. 
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