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Abstract: Diabetes mellitus is a chronic disease that can result in both macrovascular and microvascular
complications. Diabetic retinopathy is one of the most common microvascular complication of diabetes
mellitus. Epidemiologicallynumber of adults worldwide with DR, and vision-threatening DR was estimated
to be 103.12 million, and 28.54 million respectively. The prevalence of diabetic retinopathy will betwice as
much by 2045 as the current statistics. Since DR is a chronic disease and pharmacological treatment will
help the patient’s health by slowing down the disease progression. In this systematic review, we have
focused on the efficacy of combination national therapyof both pharmacological and herbal antioxidants in
diabetic retinopathy.To study a correlation between diabetic retinopathy and natural antioxidants. The
systematic review includes two databases PubMed and google scholar for reference data. The data
extraction is based on PRISMA guidelines. Supplements irrespective of trace quantity also showed
remarkable role. Curcumin, Vitamins, and Zinc are discussed in this systematic review. This systematic
review concluded the results in which curcumin emerges to be the best antioxidant with specific
characteristics and low adverse drug reactions. Others such as vitamins, Zinc also provide adequate
antioxidant properties. Supplementation is often beneficial and necessary if dietary intake is below
recommended guidelines. Overall, it was observed that herbal antioxidants are the choice of non-
pharmacological treatment.

Index Terms - Diabetes,Diabetic Retinopathy,Herbal antioxidants, Turmeric, PRISMA,Vitamins

|. INTRODUCTION

Diabetic retinopathy (DR) is one of the most specific microvascular consequences of diabetes mellitus (DM)
and is the leading cause of preventable blindness in working-aged persons. Diabetic Retinopathy results in
injured blood vessels in light-sensitive tissue located at the back of the retina.!

In the year 2020, the number of adults worldwide with DR, and vision-threatening DR was estimated to be
103.12 million, and 28.54 million respectively. A hike in the patient count will be observed in 2045. This
count will be approximately 2 times the current statistics one in five people living with diabetes in India
have a certain form of DR (13 million in India) and one in ten (6.5 million) has a vision-threatening form of
DR.2

The best way to treat diabetic retinopathy and associated angiogenic consequences is with intravitreal
injections of anti-VEGF medications. The monoclonal antibody ranibizumab (Lucentis®), the long-acting
antibody bevacizumab (Avastin®), the aptamer pegaptanib (Macugen®), and the recombinant fusion protein
aflibercept (Eylea®) are the anti-VEGF agents most frequently used to treat diabetic retinopathy.®
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The clinical investigation involves direct physical examination by an ophthalmologist, and imaging
techniques such as fundus photography or optical coherence tomography are confirmatory investigational
parameters for Diabetic retinopathy. ETDRS separates fine detailed DR characteristics using multiple levels.
This type of grading is done upon all seven retinal fundus Fields of View (FOV). Although ETDRS is the
gold standard, due to implementation complexity and technical limitations, alternative grading systems are
also used such as the International Clinical Diabetic Retinopathy (ICDR) scale which is accepted in both
clinical and Computer-Aided Diagnosis (CAD) settings.*

For this purpose, fine pathognomonic DR signs in the initial stages are determined normally, after dilating
pupils (mydriasis). Then, DR screening is performed through slit-lamp biomicroscopy with a + 90.0 D lens
and direct/indirect ophthalmoscopy. The next step is to diagnose DR which is done by finding DR-
associated lesions and comparing them with the standard grading system criteria. Currently, the diagnosis
step is done manually® Prediabetes is defined as impaired fasting glucose (IFG) or impaired glucose
tolerance (IGT), which is characterized by hyperglycemia, insulin resistance, and B-cell dysfunction.
Disease progression includes various microvascular and macrovascular complications like cardiovascular
disease, stroke, peripheral artery disease, retinopathy, neuropathy, and nephropathy.Recent research has
shown too much attention to phytochemicals and the antioxidant trace elements to treat and control some
diseases which include T2DM, prediabetes, metabolic syndrome, CVD, and chronic venous insufficiency
(CV1).%0ral Antioxidant Supplements have a significant influence on ocular health. Certain vitamins may
prevent or slow the risk of several eye diseases like age-related macular degeneration (AMD), glaucoma,
diabetic retinopathy (DR), and cataracts.’

Constant solar radiation exposure can result in eye damage by first destroying the cornea, anterior chamber,
lens& vitreous body to the retina which further leads to cornea addition to causing DNA damage, ultraviolet
(UV) light can also cause photo-oxidative stress through the production of reactive oxidative species (ROS).
ROS leads to cell damage and aging, resulting in corneal degeneration, lens opacification (cataracts), and
the occurrence of eye diseases, including various retinal and optic nerve degenerative diseases, such as
glaucoma and age-related macular degeneration (AMD).8

Natural Antioxidants Supplementation:

It is postulated that antioxidants inhibit abnormal metabolism and slow DR progression by inhibiting the
production of ROS, neutralizing free radicals, and augmenting the antioxidant defense system. Oral
supplementation with natural antioxidants carries the great advantage of being a non-invasive treatment with
presumably no harmful effects. Oral supplementation with natural antioxidants carries the great advantage
of being a non-invasive treatment with presumably no harmful effects.%21-23

Curcumin:

It is an active ingredient contained in the rhizome of the Curcuma longa plant of turmeric. Curcumin is the
principal curcuminoid found in turmeric (Curcuma longa Linn.), a popular spice in Asian cuisine whose
beneficial effects on glycemic control have been used in ayurvedic and traditional Chinese medicine for
thousands of years.1%-1!

Various research studies involved different pharmacological actions of curcumin in the treatment of diabetic
retinopathy. Curcumin possesses four basic indications such as antioxidants, anti-inflammatory,inhibition of
VEGF, and activating PPAR(Peroxisome Proliferation -activate receptor),which reduces the glycemic
level,thus preventing diabetic retinopathy.The utility of curcumin proves to be more economic and effective
than allopathic treatments such as anti-inflammatory and antiangiogenic drugs which are costly and resulted
in adverse side effect in retinal tissue. Curcumin also possesses an antiangiogenic effect reduces inhibits the
elevated VEGF level in the retina and abolish I1L-18 induced increase in VEGF production .*2

Relationship between Curcumin and transcription factor

In reference to genetics,DR is also generated from the activation of EGR-1. Preclinical findings in support
of the curcumin effect have shown downregulated the expression of EGR-1.A strong optimist approach is
developed for the involvement of curcumin in the control of Gene action. Specific characteristics of being
economics, easy availability, no deleterious effect, turmeric, and its constituents,curcumin is the cornerstone
in the control of Diabetic Retinopathy.!3

Correlation between Vitamins &Diabetic Retinopathy
Numerous experimental studies have shown that different vitamins (B1,B12,C,D,E,folate),lipoic acid,
lutein, and n-Acetyl cysteine betaine can improve visual acuity.
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Vitamin B1(Thiamine)

Serum thiamine level regulated the hyperglycemic level by generating a halt in polyol pathway activation.
Therapeutically thiamin also protects the vascular endothelium from advanced glycation end-product
injury.is

Vitamin B2 (Riboflavin)

Intake of Riboflavin is efficacious in patients with diabetic retinopathy.Riboflavin develops a shielding
effect in the treatment of diabetic retinopathy by reducing oxidative stress, and hyperglycemia and
preventing homocysteine-induced injury.According to the murine model, riboflavin also enhances BDNF
expression.BDNF is neuroprotective which is higher in Prediabetic patients rather than diabetic.'®

Vitamin B6 (Pyridoxal 5’Phosphate)

Vitamin B6 is available in several forms, available forms, among them P5P is the natural active form.
Vitamin B6 acts as a cofactor for various metabolic activities such as one-carbon cycle methylation and
homocysteine metabolism. An inadequate amount of Vitamin B6 can contribute to pancreatic islet cell
autoimmunity resulting in Typel diabetes. Intake of P5P may lower the risk of developing diabetes and
diabetic retinopathy.*

Vitamin B9 (Folate)

A-methyl folate and methyl cobalamin both reduce homocysteine efficiency. Lowering homocysteine levels
with folate supplements will enhance blood flow and perfusion combining alpha methyl folate with B2,
B6(P5P)and B12 will be safe and economical supplements to reduce and reverse diabetic retinopathy.!3

Vitamin D

Vitamin D Supplements are beneficial in patients with both Types (I& I1) diabetes. According to research
1,25, dihydroxy vitamin D triggers the release of insulin by activating Pancreatic beta cells.*®

Vitamin C (ascorbic acid):

It is an essential micronutrient in humans and is required for several important biological functions via
acting as an enzymatic cofactor and reducing agent. Ascorbic acid is water-soluble and essential for
regenerating other antioxidants such as vitamin E and glutathione. In a research study conducted by Longo-
Mbenza et al., the mean serum level of vitamin C in patients with DM was shown to be significantly lower
than in those without DM. There is some evidence to suggest that people with type 2 diabetes mellitus
(T2DM) have lower plasma vitamin C concentrations compared to those with normal glucose tolerance
(NGT). It also produces beneficial effects on endothelial integrity which would result in improving
endothelial dysfunction.*

Vitamin E

It is a peroxyl radical scavenger, which quenches free radicals and reduces retinal oxidative stress in the
retina. Thus, preventing the attack of free radicals in diabetic retinopathy patients.®

Zinc:

Metanalysis of different clinical trial studies concluded that zinc despite trace elements proves to be
beneficial in Diabetic retinopathy patients. Zinc possesses antioxidant properties through two main
mechanisms. First protection of protein sulfhydryl groups from free radicals. Secondly reduction of free
radical formation through the antagonism of redox-active transition metals such as iron and copper.
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2.0. MATERIAL AND METHODS

Eligibility Criteria
Eligibility criteria describe characteristics that must be shared by all participants. It can be divided into two
forms: Exclusion criteria and Inclusion criteria.

Exclusion Criteria
We will exclude the studies including preclinical, pediatric population, lactating females, other eye
disorders: Glaucoma and Conjunctivitis, and duplicate records.

Inclusion Criteria

We will include the studies which fulfill the criteria for diabetic patients and in which glycemic index is in
the normal range.

2.1.Evidence Synthesis:

Databases used to identify the most relevant papers included PubMed and Google Scholar. Search keywords
used in different forms included “prediabetes”, “diabetic retinopathy”, and “oral antioxidant
supplementation”. Articles published in the last five years (2016-23). In total, 13167 studies were identified
during the primary search from scientific databases. After removing duplicate records, 7828 studies were
left. After applying exclusion criteria 341 records were left. Finally, 50 records were identified on basis of
inclusion criteria.

Pubmed n=159 Google Scholar n=7564
Records after duplicate removal (N=860) Records excluded after relevant title selection, studies

including pediatric population, animals, lactating
| females, glaucoma, and conjunctivitis, n=7487

Records selected for the abstract level (N=88)

Inclusion criteria applied(N=23)

| Records included fulfilling the criteria Diabetic

Studies included in systematic review(N =23) patients and stu_digs in which glycemic index is
within normal range

Fig 1: Studies selection according to PRISMA

3.0. Results and Discussion

Diabetic retinopathy is a microvascular complication of diabetes. Various Pharmacological treatments are
available including anti-VEGF drugs like Ranibizumab and Bevacizumab!’. Non-pharmacological
antioxidant supplements also play a vital role in the prevention and progression of the disease.'® The current
systematic review evaluated various research studies and clinical trials to discuss the most efficacious
antioxidants. Curcumin with its specific characteristics is the best antioxidant for Diabetic retinopathy.
Fundamental indications include antioxidants, anti-inflammatory, and antiangiogenic'®In diabetic
retinopathy antiangiogenic action of curcumin inhibits the elevation of VEGF levels in the retina. Curcumin
hinders the activation of EGR-1,by down regulation of EGR-1.In diabetic retinopathy, impaired endothelial
functions are improved with different vitamin supplements.?® Ideally all vitamins prove useful for the
disease. Vitamin B1, B2, B6, B9, Vitamin C, Vitamin D, and Vitamin E are the most advantageous among
all. Vitamin Bl regulates polyol pathway activation which is responsible for hyperglycemia
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hyperhomocysteinemia?l. Vitamin B6 maintains the immunity of islet cells. Vitamin B9 acts by lowering
homocysteine levels which will enhance blood flow and perfusion. Vitamin D&E,glutathione is also
available with specific antioxidants property.?? Supplements including Zinc and flavonoids despite trace
quantity show the remarkable antioxidant property. Supplementation is often beneficial and necessary if
dietary intake is below recommended guidelines.?®

3.1.Conclusion

The utility of Non-Pharmacological supplements is observed in the above systematic review. Intake of
natural antioxidants by Diabetic retinopathy patients manifests the beneficial effect. Among various natural
antioxidants, curcumin proves to be the best choice for DR patients. Researchers conduct various large-scale
studies to generate supportive information regarding curcumin’s utility in diabetic retinopathy patients.
Other antioxidants including vitamins, Zinc, and flavonoids also possess satisfactory activity in diabetic
retinopathy. Nutrition sources of such antioxidants are available from both plants and animals
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