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1. SUMMARY 
 

Author: Sagiv Beluga 

 

Thesis title: The role of vitamins, essential fatty acids, and antioxidants in nowadays ophthalmology.  

 

Aim: To evaluate the association of vitamins, essential fatty acids, and antioxidants in nowadays surface 

ocular disorders and intraocular disorders. 

 

Objectives: 

  1.  Role of vitamins, antioxidants, and essential fatty acids in ocular surface diseases. 

  2.  Role of vitamins, antioxidants, and essential fatty acids in glaucoma. 

  3.  Role of vitamins, antioxidants, and essential fatty acids in Age-related macular degeneration. 

 

Methods: 

A primary literature search was conducted in 2022 and then repeated in February 2023. A total of 349 

articles were identified. After reviewing the articles' abstracts according to the established criteria for 

inclusion and exclusion in this analysis, 87 remained for reading the full-text articles. After evaluating the 

content of the articles and compliance with the inclusion criteria in the literature review 47 articles were 

included. The Preferred Reporting Items for Systemic Reviews and Meta-Analyses flow diagram was 

used.  

 

Results: 

Research indicates that omega-3 fatty acid supplementation is effective in alleviating dry eye symptoms 

by reducing corneal staining and increasing tear breakup time and Schirmer test values. Vitamin A 

supplementation may improve tear farming and osmolarity in dry eye patients. Vitamin B12 and 

antioxidant supplements may improve objective parameters in severe dry eye disease, and vitamin D 

supplementation may improve various symptoms in patients who are deficient and unresponsive to 

conventional treatment. Vitamin C supplementation may lower the odds of glaucoma prevalence, while 

increased intake of niacin and riboflavin may decrease the risk of glaucoma. A combination of forskolin, 

homotaurine, carnosine, folic acid, and several vitamins including B1, B2, and B6, along with magnesium, 

can reduce intraocular pressure and improve foveal sensitivity in patients with primary open-angle 
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glaucoma. Antioxidant and zinc supplementation in the original Age-Related Eye Disease Study formula 

may reduce the likelihood of advanced Age-related macular degeneration, whereas the updated Age-

Related Eye Disease Study 2 formula replaced beta-carotene with lutein/zeaxanthin due to the risk of lung 

cancer in former smokers. 

 

Conclusion: 

The use of oral supplements containing vitamins A, C, and E, along with Omega-3 fatty acids, has been 

found to be effective in alleviating the symptoms of dry eye disease. Furthermore, vitamin C 

supplementation may reduce the risk of developing glaucoma, while the Age-Related Eye Disease Study 

formula supplement has been shown to lower the five-year probability of progression to advanced AMD. 

Overall, vitamins, antioxidants, and essential fatty acids are important for maintaining ocular surface 

health and preventing or managing various ocular diseases. 
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SANTRAUKA 
 

Autorius: Sagiv Beluga 

 

Pavadinimas: Vitaminų, nepakeičiamųjų riebalų rūgščių ir antioksidantų vaidmuo šių dienų 

oftalmologijoje 

 

Tikslas: Įvertinti vitaminų, nepakeičiamųjų riebalų rūgščių ir antioksidantų vartojimo sąsajas su akių 

ligomis. 

 

Uždaviniai: 

  1. Vitaminų, antioksidantų ir nepakeičiamų riebalų rūgščių įtaka akių paviršiaus būklei.  

  2. Vitaminų, antioksidantų ir nepakeičiamų riebalų rūgščių vaidmuo sergant glaukoma. 

  3. Vitaminų, antioksidantų ir nepakeičiamų riebalų rūgščių vartojimo sąsajos su amžine geltonosios 

dėmės degeneracija. 

 

Metodika: 

Pirminė literatūros paieška buvo atlikta 2022 m., vėliau pakartota 2023 m. vasario mėn. Iš viso buvo rasti 

349 straipsniai. Peržiūrėjus straipsnių santraukas, pagal nustatytus įtraukimo ir neįtraukimo į šią analizę 

kriterijus, liko 87 visateksčiai straipsniai. Įvertinus straipsnių turinį ir atitiktį įtraukimo į literatūros 

apžvalgą kriterijams, įtraukti 47 straipsniai. Naudota Pageidaujamų ataskaitų teikimo elementų 

sisteminėms apžvalgoms ir metaanalizėms schema.  

 

Rezultatai: 

Tyrimai rodo, kad omega-3 riebalų rūgščių papildai veiksmingai palengvina sausos akies simptomus, nes 

sumažėja ragenos dažymąsis, prailgėja ašarų plėvelės suirimo laikas bei nustatomos geresnės Schirmer 

testo vertės. Vitamino A papildai gali pagerinti ašarų susidarymą ir osmoliariškumą pacientams, 

sergantiems sausos akies liga. Vitaminas B12 ir antioksidantų papildai gali pagerinti objektyvius 

parametrus sergant sunkia sausos akies liga, o vitamino D papildai gali pagerinti įvairius simptomus 

sausos akies pacientams, kurie nereaguoja į įprastinį gydymą. Vitamino C papildai gali sumažinti 

glaukomos paplitimo tikimybę, o padidėjęs niacino ir riboflavino vartojimas gali sumažinti glaukomos 

riziką. Forskolino, homotaurino, karnozino, folio rūgšties ir kelių vitaminų, įskaitant B1, B2 ir B6, derinys 
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kartu su magniu gali sumažinti akispūdį ir pagerinti geltonosios dėmės jautrumą pacientams, sergantiems 

pirmine atviro kampo glaukoma. Antioksidantų ir cinko papildai originalioje su amžiumi susijusių akių 

ligų tyrimo formulėje gali sumažinti progresuojančios amžinės geltonosios dėmės degeneracijos tikimybę, 

o atnaujintoje su amžiumi susijusių akių ligų tyrimo 2 formulėje beta karotenas buvo pakeistas 

liuteinu/zeaksantinu dėl nustatytos plaučių vėžio rizikos rūkantiesiems.  

 

Išvada: 

Nustatyta, kad geriamųjų papildų, kurių sudėtyje yra vitaminų A, C ir E, vartojimas kartu su omega-3 

riebalų rūgštimis veiksmingai palengvina sausos akies simptomus. Be to, vitamino C papildai gali 

sumažinti glaukomos išsivystymo riziką, o su amžiumi susijusių akių ligų tyrimo formulės papildas 

sumažina penkerių metų progresavimo iki pažengusios amžinės geltonosios dėmės degeneracijos 

tikimybę. Remiantis apžvelgtais tyrimais, vitaminai, antioksidantai ir nepakeičiamos riebalų rūgštys yra 

svarbūs akių paviršiaus sveikatai palaikyti ir įvairių akių ligų prevencijai ar valdymui. 
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5. ABBREVIATION 
 

1. OSD – Ocular surface disease. 

2. OS – Ocular surface. 

3. DED – Dry eye disease. 

4. AMD – Age-related macular degeneration.  

5. IOP – increased intraocular pressure. 

6. AREDS/AREDS2 - Age-Related Eye Disease Studies. 

7. TBUT – tear breakup time. 

8. OCT - optical coherence tomography. 

9. FAs – fatty acids. 

10. MBD – Meibomian gland dysfunction. 

11. SS - Sjögren’s syndrome. 

12. POAG - Primary open-angle glaucoma. 

13. RGC – retinal ganglion cell. 

14. ROS – reactive oxygen species. 

15. TM – Trabecular meshwork.  

16. anti-VEGF - anti-vascular endothelial growth factor. 

17. EPA - eicosatetraenoic acid 

18. DHA - docosahexaenoic acid 

19. NTG – normal tension glaucoma 
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6. TERMS 
 

1. Ocular surface – including the cornea, conjunctiva, eyelids, eyelashes, Tear film, main and accessory 

lacrimal glands, and meibomian glands.  

2. Tear breakup time - measuring the time interval between a complete blink and the appearance of the 

first break in the tear film 

3. Schirmer test – assessing the tear volume by measuring the wetting time of paper strips held in the 

inferior conjunctival sac for 5 minutes 

4. Bitot spots - areas of abnormal squamous cell proliferation and keratinization of the conjunctiva 
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7. INTRODUCTION 
 

The term ocular surface disease describes a wide range of functional abnormalities that affect the surface 

of the eye, including epitheliopathies, inflammation, surface abnormalities, and distortions, all of which 

can disrupt the balance of tear film. Dry eye disease (DED) is a common multifactorial disorder that is 

characterized by the disruption of tear film homeostasis, ocular surface inflammation, and neurosensory 

abnormalities. These changes can cause increased tear evaporation and hyperosmolarity, leading to 

discomfort and irritation of the eyes (1,2). DED is also referred to as keratoconjunctivitis sicca, dry eye 

syndrome, and dysfunctional tear syndrome. 

 

Intraocular disorders refer to a broad category of eye diseases, including glaucoma and age-related 

macular degeneration (AMD).  

Glaucoma is a group of progressive eye conditions characterized by optic neuropathy, which can result in 

vision loss due to damage to the optic nerve. Glaucoma may or may not be associated with increased 

intraocular pressure, and different types of glaucoma are typically categorized by the angle of the anterior 

chamber (iridocorneal angle) (3). Oxidative stress, which occurs when the body produces more reactive 

oxygen species than it can effectively counteract with antioxidants, can damage the drainage system of the 

aqueous humor in the eye and the trabecular meshwork, leading to an increase in intraocular pressure and 

eventual loss of retinal ganglion cells (4). 

Age-related macular degeneration is one of the leading causes of blindness globally. In AMD, the 

macula's deeper retinal layers and surrounding blood vessels undergo pathological changes, resulting in 

the loss of central vision (5). The Age-Related Eye Disease Studies (AREDS/AREDS2) demonstrate that 

novel nutritional supplements may help delay the progression of various stages of AMD (6). 

 

Vitamins are a group of organic compounds that are necessary for the body's normal metabolic processes. 

Humans cannot synthesize most vitamins, which makes it necessary to obtain them from dietary sources 

to maintain health and prevent diseases. Some exceptions include pre-vitamin D3, which is produced in 

the skin after exposure to ultraviolet rays, and vitamins K2 and B12, which can be synthesized by colonic 

microbes. In the context of ocular surface disease and intraocular disorders, vitamins play a crucial role. 

Antioxidant vitamins such as A, C, and E are essential for cell differentiation, development, and proper 

function. Meanwhile, vitamins D and B are involved in regulating the immune system and nervous 

system, respectively (7). 
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8. AIM AND OBJECTIVES 
 

Aim: To evaluate the association of vitamins, essential fatty acids, and antioxidants in nowadays surface 

ocular disorders and intraocular disorders. 

 

Objectives: 

  1.  Role of vitamins, antioxidants, and essential fatty acids in ocular surface diseases. 

  2.  Role of vitamins, antioxidants, and essential fatty acids in glaucoma. 

  3.  Role of vitamins, antioxidants, and essential fatty acids in Age-related macular degeneration (AMD). 
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9. LITERATURE REVIEW 
 

9.1 Ocular surface disease 
Dry eye syndrome is a complex condition affecting the ocular surface, characterized by a disruption of the 

tear film homeostasis, resulting in ocular symptoms. Tear film instability, hyperosmolarity, ocular surface 

inflammation and damage, and neurosensory abnormalities are implicated in the etiology of this 

multifactorial disease (1). 

The tear film is composed of three layers: the mucin layer covering the ocular surface, which reduces the 

hydrophobicity of the epithelial cells; the aqueous layer, which nourishes the ocular epithelium, offers 

lubrication, and contains antimicrobial proteins, maintaining an optimal osmolarity; and the lipid layer, 

which is derived from meibum secreted by the eyelid margins, that helps prevent evaporation and 

overflow of the aqueous layer (8). The tear film plays a crucial role in lubricating and protecting the ocular 

surface, ensuring optimal visual performance by maintaining a smooth and refractive surface. 

 

In epidemiological studies conducted globally, the prevalence of DED varies widely from 5 to 50 percent. 

In all studies where data were disaggregated by sex, it was found that women consistently had a higher 

prevalence than men. In addition, both symptom reporting and clinical diagnosis of dry eye show a 

gradual increase in occurrence among individuals aged 50 years and above (9). 

 

To diagnose DED and determine its severity, a combination of subjective questionnaires and diagnostic 

tests are employed. Tear break-up time (TBUT) estimates tear film stability, while the Schirmer test or 

anterior segment optical coherence tomography can be used to assess tear volume by measuring the height 

of the inferior tear meniscus. Tear osmolarity measurement is considered one of the most reliable methods 

to gauge the severity of DED. Additionally, dyes like fluorescein are applied to the ocular surface to assess 

epithelial integrity (10). 

 

The ocular surface is frequently exposed to sunlight, which contains ultraviolet light known to cause 

oxidative stress. Furthermore, aging is a known contributor to oxidative stress, as endogenous antioxidant 

levels decrease with age while the production of reactive oxygen species increases. Nakamura et al. 

investigated the role of oxidative stress in DED using an experimental keratopathy model. Their findings 

revealed a significant increase in oxidative stress and markers of reactive oxygen species in this DED 

model, highlighting the role of oxidative stress in the development of DED (11). 
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9.1.1 Essential Fatty Acids in Ocular Surface Disorders 

Omega-3 polyunsaturated fatty acids are essential components of cell membranes and serve as precursors 

for the production of various biologically active compounds. These essential fatty acids come in two 

forms: alpha-linolenic acid (ALA), a short-chain omega-3 fatty acid found in plant-based sources, and 

long-chain omega-3 fatty acids, including eicosapentaenoic acid (EPA), docosapentaenoic acid (DPA), and 

docosahexaenoic acid (DHA), which are primarily derived from oily fish or can be synthesized through 

the elongation of short-chain fatty acids. Omega-3 fatty acids have been found to possess anti-

inflammatory, anticoagulant, and antihypertensive properties, and have been shown to regulate lipid 

metabolism, glucose tolerance, and central nervous system functions. 

 

The anti-inflammatory effects of omega-3 fatty acids are exerted through competitive inhibition with 

arachidonic acid, which serves as a substrate for enzymes such as cyclooxygenase and 5-lipoxygenase (2). 

Moreover, recent research has demonstrated the potential of resolvins to alleviate inflammation. In vitro, 

studies have shown that resolvins have an anti-inflammatory effect on human corneal epithelial cells, and 

they have also been found to reduce inflammation and promote corneal epithelial integrity and tear 

production in a dry-eye mouse model (12). 

 

Furthermore, the corneal nerves play a vital role in tear production, protective blink reflex, and the release 

of trophic neuromodulators that are essential for maintaining the vitality and metabolism of ocular surface 

tissues. Recent research indicates that omega-3 essential fatty acid supplementation may have 

neuroprotective effects on the corneal sub-basal plexus, which are associated with the normalization of 

tear osmolarity (13). 

 

In patients with meibomian gland dysfunction (MGD), a subtype of DED, omega-3 fatty acids can have a 

dual impact, both through their anti-inflammatory effects and by modulating the composition of 

meibomian lipids. Studies in mice have demonstrated that omega-3 fatty acid deficiency can lead to 

increased evaporation of tear fluid by decreasing oily tear secretion (14). Saturated fatty acids have a 

higher melting point than unsaturated fatty acids, and thus omega-3 fatty acids may have the ability to 

lower the melting point of meibomian lipids. 
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9.1.2 Vitamin A  

Vitamin A belongs to a group of lipid-soluble compounds known as retinoic acids. It is divided into two 

main forms: provitamin A carotenoids found in plants, and preformed vitamin A which is the most 

biologically active form. Preformed vitamin A is composed of retinol, retinal, retinoic acid, and retinyl 

ester, and is predominantly present in animal-based foods, this form of vitamin A is also commonly used 

in dietary supplements. 

 

Vitamin A is an indispensable nutrient that plays a crucial role in the regulation and differentiation of 

epithelial cells in the human body. Vitamin A can be found in three different forms: retinol, retinal, and 

retinoic acid. In many tissues, vitamin A is stored as an ester of retinal, with retinyl palmitate commonly 

present in the cells of the lacrimal gland and retinol found in human tears. A deficiency of vitamin A has 

been shown to have detrimental effects on the epithelial cells of the eyelids, conjunctiva, and cornea, 

resulting in the loss of goblet cells, increased epidermal keratinization, and squamous metaplasia of 

mucous membranes, including the cornea and conjunctiva. (15). 

 

Vitamin A has been shown to play a crucial role in maintaining the health and integrity of epithelial cells 

in the eye. Through its ability to increase mucin expression in the conjunctiva and promote proper corneal 

and conjunctival wound healing, vitamin A has demonstrated its potential as an effective treatment for dry 

eye disease (DED). Various studies conducted on animal models have confirmed the therapeutic effects of 

vitamin A on DED, which include direct improvement of epithelial repair, reduction of cell apoptosis, and 

inhibition of corneal keratinization. Vitamin A achieves these beneficial effects by enhancing tear volume 

and improving tear quality (16). 

 

9.1.3 Vitamin B12  
Vitamin B12, an essential micronutrient involved in DNA synthesis, FAs and amino acids metabolism, 

plays a crucial role in myelin synthesis. It can be obtained from animal products, including meat, milk, 

eggs, fish, and shellfish. However, its deficiency is common in individuals following a vegan diet and is 

observed in a significant percentage of Sjögren's syndrome patients. The deficiency of this vitamin has 

been linked to various health issues, including myelopathy, peripheral neuropathy, neuropsychiatric 

syndromes, and optic atrophy. Peripheral nerve damage and/or central sensitization-induced neuropathic 

pain is a typical feature of DED. This could explain the inadequate correlation between the signs and 

symptoms of DED in many patients. (17). 
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9.1.3 Vitamin C & E  

Vitamin C is a water-soluble micronutrient that is abundant in various fruits and vegetables, including 

citrus fruits, strawberries, cherries, tomatoes, and broccoli. It acts as a potent antioxidant that provides 

protection against various diseases, including oxidative imbalances in the cornea that can be caused by 

various factors. The tear film has high levels of vitamin C, indicating the ocular surface's high demand for 

antioxidant protection (2). 

 

Vitamin E is a nutrient that can be found in various foods, such as almonds, vegetable oils, and cereals. 

Alpha-tocopherol, the most significant form for human health, is abundant in olive and sunflower oils and 

is prevalent in the European diet. Vitamin E acts as a scavenger for free radicals, protecting 

polyunsaturated fatty acids, which are crucial structural components of cell membranes. This vitamin is 

considered the primary line of defense against lipid peroxidation and free radicals. Moreover, vitamins C 

and E have been demonstrated to be efficacious agents for corneal wound healing, leading to prompter 

rehabilitation and better visual prognosis (18). 

 

9.1.4 Vitamin D 

Vitamin D is a fat-soluble vitamin that can be obtained through specific foods, but it is primarily 

synthesized in the skin upon exposure to sunlight. The concentration of vitamin D in human tears exceeds 

that of serum, and it can be found in both aqueous and vitreous fluids. Additionally, vitamin D receptors 

are present in epithelial cells, stroma, and various ocular tissues such as the lens, scleral fibroblasts, and 

retina and ciliary body epithelial cells (19). Vitamin D plays a vital role in regulating immune system 

function and inflammation, both of which are critical for maintaining ocular surface homeostasis. Vitamin 

D deficiency has recently been linked to the development of DED (20). 
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9.2 Glaucoma 
Glaucoma is a prevalent cause of irreversible blindness worldwide. This condition is often categorized 

into primary or secondary glaucoma and encompasses a range of disease processes that lead to optic 

neuropathy. The most common type is primary open-angle glaucoma, which is a progressive optic 

neuropathy associated with high intraocular pressures or normal to low pressure. On the other hand, 

secondary glaucoma can result from various factors such as pigment dispersion, pseudoexfoliation, post-

phacoemulsification, as well as trauma, and tumors. The underlying mechanism for retinal ganglion cell 

damage, which is typically affected in glaucomatous patients, is thought to be due to ischemic and 

oxidative damage to the optic nerve head (21). The prevalence of glaucoma is strongly linked to age, and 

the incidence of this condition is estimated to be around 4% in people aged 40-80 years (22). 

 

The current approach for treating glaucoma is focused on reducing intraocular pressure (IOP). This can be 

achieved using a variety of methods including medications, laser therapy, or surgery. However, it is 

important to note that nutrition may also play a role in the management of glaucomatous eyes. The 

antioxidant properties of certain nutrients, such as vitamins C and E, may help protect against oxidative 

damage to the optic nerve. Additionally, certain nutrients may improve blood flow to the eye and promote 

a healthy vascular endothelium. Finally, some nutrients may also have neuroprotective properties, which 

could potentially aid in the prevention or treatment of glaucoma (23). 

 

 

9.2.1 Vitamin B1, B3, B6, B12 

Nicotinamide (NAM), also known as vitamin B3, is a specialized amide form of vitamin B3 that is a non-

toxic precursor to nicotinamide adenine dinucleotide (NAD+). This important substrate has been 

associated with a reduction in oxidative damage resulting from protein oxidation and lipid peroxidation. 

Additionally, it has been found to contribute to the protection of axons and the prevention of 

neurodegenerative diseases. As individuals age, the presence of NAD+ appears to decrease, and this 

reduction has been specifically linked to the death of retinal ganglion cells (RGCs) (24, 25). 

 

Vitamins B12 and B6 are involved in the metabolic process of methionine, which is converted into 

homocysteine and then cysteine. The buildup of homocysteine can be harmful and has been linked to 

retinal vascular diseases such as vascular occlusion, as well as optic neuropathies like primary open-angle 
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glaucoma (POAG) and pseudoexfoliation glaucoma. By helping to regulate homocysteine levels, these 

vitamins may play a role in reducing the risk of these eye diseases (26). 

 

Thiamine, also known as Vitamin B1, has been linked to a range of neurodegenerative processes that 

affect microglia, astrocytes, endothelial cells, and mast cells, ultimately contributing to neuronal cell death 

(27). 

 

9.2.2 Vitamin C  

Vitamin C, also known as ascorbic acid, is a powerful antioxidant that acts as a non-enzymatic substrate. 

This vital vitamin has numerous beneficial effects on ocular health. For example, it can help lower 

intraocular pressure, prevent retinal damage, and slow the development of cataracts and maculopathies. 

Ascorbic acid is also known to promote the synthesis of nitric oxide, which is an important molecule that 

increases blood flow and dilates vessels, ultimately reducing vascular resistance in the ocular circulation. 

The release of nitric oxide from the endothelium in the eye can lower intraocular pressure by reducing 

resistance in the outflow tract through the trabecular meshwork. Furthermore, ascorbate acts as a potent 

osmotic agent and can synthesize a less viscous hyaluronic acid in the trabecular meshwork, which may 

also help to reduce intraocular pressure (28). 

 

9.2.3 Vitamin E 
Vitamin E, a potent antioxidant, is composed of tocopherols that play a vital role in protecting the cell 

membranes of photoreceptor cells. These tocopherols also inhibit the proliferation of fibroblasts, prolong 

the survival of endothelial cells in rabbits, and serve as neuroprotectants and vasoregulators (29). A recent 

cross-sectional in vitro study investigated the effects of vitamin E directly on trabecular meshwork 

mitochondria using tissue culture reagents. The study demonstrated that vitamin E was effective in 

decreasing the levels of reactive oxygen species (ROS) in the trabecular meshwork cells of glaucomatous 

patients, thereby supporting its potential role in the management of glaucoma (30). 
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9.3 Age-related macular degeneration 
Age-related macular degeneration is a complex and multifaceted ophthalmic disease that is a leading 

cause of vision loss among the elderly in developed nations. Presently, AMD affects approximately 200 

million individuals, with around 9% of these cases resulting in total blindness (31). 

 

Age-related macular degeneration (AMD) is a multifaceted ophthalmic disease characterized by elevated 

levels of oxidative stress, protein aggregation, inflammation, and angiogenic processes in wet AMD cases 

(32). There are two distinct types of AMD: dry AMD, which constitutes approximately 80-85% of all 

cases, and wet AMD, which constitutes roughly 10-15% of cases. The various stages of AMD are typified 

by retinal pigment epithelial (RPE) cell pigment mottling, intracellular lipofuscin accumulation, 

extracellular drusen formation, and eventual retinal atrophy. 

 

AMD is linked to several genetic variants, with the most significant being complement factors H and I 

(CFH, CFI), complement components C2 and C3, and age-related maculopathy sensitivity 2 (ARMS2) 

(33). 

 

Presently, there is no pharmacological remedy available to fully cure the dry form of AMD, which 

accounts for 80-85% of cases, whereas the wet form, which makes up 10-15% of cases, is managed with 

intravitreal administration of anti-VEGF inhibitors. 

 

9.3.1 AREDS & AREDS 2 

The Age-Related Eye Disease Study (AREDS) conducted between 1992 and 2001 showed that dietary 

supplements containing high levels of antioxidants (500 mg of vitamin C, 400 IU of vitamin E, and 15 mg 

of beta carotene) and zinc could delay the progression of intermediate AMD to late AMD and vision loss 

(34).  

 

From 2006 to 2012, AREDS was followed by AREDS2, which enrolled only patients with intermediate 

AMD. AREDS2 showed that supplementation of the original AREDS formulation with long-chain n-3 

polyunsaturated fatty acids (n-3 LC-PUFA) or lutein in combination with zeaxanthin did not confer an 

overall additional benefit on the risk of late AMD progression. However, the administration of 

antioxidants together with lutein and zeaxanthin resulted in an additional benefit compared with patients 

taking the original AREDS formulation (35). 
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10. RESEARCH METHODOLOGY AND METHODS 
 

The main electronic databases which have been used in this literature review are MEDLINE, PubMed, 

ScienceDirect, scholar google, and UpToDate for studies published in the last 10 years, but few studies 

have been published in the last 20 years. The Preferred Reporting Items for Systematic Reviews and 

Meta-Analyses (PRISMA) guidelines were followed to carry out this review. 

 

Keywords: Ocular surface disease, Dry eye disease, Glaucoma, Age-related macular degeneration, 

vitamin supplementation, antioxidant, fatty acids, nutrition, epidemiology, AREDS/AREDS2. 

 

Criteria for inclusion: 

• Articles published in a peer-reviewed publication 

• Full texts articles 

• Published conference abstracts 

• Randomized controlled trials, meta-analysis, and observational studies  

• Studies published in English from the year 2000 to present 

 

Criteria for exclusion:  

• The publication was not reviewed  

• Not relevant title or abstract 

• Articles published in languages other than English  

• Studies that do not include adult human participants 

 

A primary literature search was conducted in 2022 and then repeated in February 2023. After the last 

search of scientific literature in 2023 specified by keywords and with activated filters (in English, not 

more than 10 years), a total of 349 articles was identified. In addition, articles were searched by hand 

using reference lists of other relevant articles (n=7). Following a review of the articles' abstracts according 

to the established criteria for inclusion and exclusion in this analysis, 87 remained for reading the full-text 

articles. After evaluating the content of the articles and compliance with the inclusion criteria in the 

literature review 47 articles were included. The PRISMA flow diagram was used (fig.1). 
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Fig. 1. The PRISMA flow diagram 
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11. RESULTS 
 

11.1 Role of vitamins, antioxidants, and essential fatty acids in ocular surface 

diseases. 

 

11.1.1 Essential fatty acids in ocular surface disease  

One of the earliest clinical evidence of the importance of omega-3 fatty acids for ocular surface health 

comes from a large cross-sectional study of more than 30,000 women that showed the association between 

low dietary intake of omega-3 fatty acids and increased risk of DED (36). Since then, several randomized 

clinical trials have demonstrated the efficacy of omega-3 fatty acid supplementation in DED. However, 

the therapeutic benefit of omega-3 fatty acid supplementation has been confirmed by two recent meta-

analyses of randomized controlled trials, which concluded that omega-3 fatty acids can effectively 

improve the signs and symptoms of DED (Table 1). Giannaccare showed seventeen randomized clinical 

trials involving 3363 patients. Compared with placebo, omega-3 Fatty acids supplementation decreased 

dry eye symptoms [standardized difference in mean values (SDM) = 0.968; 95% confidence interval (CI) 

0.554–1.383; P, 0.001] and corneal fluorescein staining (SDM = 0.517; 95% CI, 0.043–0.991; P = 0.032), 

whereas it increased the TBUT (SDM = 0.905; 95% CI, 0.5641.246; P, 0.001) and Schirmer test values 

(SDM = 0.905; 95% CI, 0.564–1.246; P, 0.001) (37).  

Chi systematic review and meta-analysis consisted of 13 RCTs involving 1782 patients with nonspecific 

typical DED. PUFA group exhibited greater improvement than then control group in TBUT (MD = 0.79, 

95% CI = −0.20 to 1.77), Schirmer test (MD = 0.48, 95% CI = 0.35 to 0.60; p < 0.001), osmolarity (MD = 

−10.69, 95% CI = −19.74 to −1.64; p = 0.02; I 2 = 60%) (38). 

 

No. Author Publish year Publication title Conclusion 
1 Giannaccare et 

al. 
2019 Efficacy of Omega-3 Fatty Acid 

Supplementation for Treatment of 
Dry Eye Disease: A Meta-

Analysis of Randomized Clinical 
Trials 

Seventeen randomized clinical trials involving 
3363 patients were included. Compared with 

placebo, omega-3 FA supplementation 
decreased dry eye symptoms 

 
2 Chi et al 2019 Effects of polyunsaturated fatty 

acids on nonspecific typical dry 
eye disease: A systematic review 
and meta-analysis of randomized 

clinical trials 

Thirteen eligible RCTs with 1782 patients 
with nonspecific typical DED were included. 

PUFAs without other eye medications 
effectively improved TBUT, Schirmer test 

score, osmolarity, and OSDI score in patients 
with nonspecific DED. Improvement in DED 

symptoms were found. 
     

Table 1. The Role of essential fatty acids in Ocular surface disease (OSD) 
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11.1.2 Vitamins and Antioxidants in ocular surface disease  

Xerophthalmia describes a spectrum of eye diseases caused by vitamin A deficiency. It is characterized by 

pathological dryness of the conjunctiva and cornea caused by inadequate function of the lacrimal glands. 

It is manifested by Bitot spots, which develop into corneal xerosis (dryness) and keratomalacia 

(softening). Alanazi investigates the effects of short-term oral vitamin A supplementation on the ocular 

tear film in patients with dry eyes. Thirty male dry eye patients who did not wear contact lenses and had 

no ocular or systemic diseases were enrolled in the study. In the group of dry eye patients, the tear ferning 

grade (Wilcoxon test, P=0.01) significantly decreased, whereas the osmolarity value of tears (t-test, 

P=0.01) significantly increased after vitamin A supplementation. The results of the phenol red thread test 

(PRT) (P=0.17) and TBUT (P=0.49) showed no significant differences before and after vitamin A 

supplementation. In the control group, vitamin A supplementation showed no significant effects on tear 

ferning (P=0.74), tear osmolarity (P=0.55), TBUT (P=0.19), and PRT test scores (P=0.48) (39).  

 

In recent years, the role of neurosensory abnormalities in the pathophysiology of DED has been 

increasingly recognized. In particular, neuropathic pain due to peripheral nerve damage and/or central 

sensitization appears to be a common feature of the disease, which may explain the poor correlation 

between signs and symptoms observed in many DED patients. In a recent study, ninety patients with 

severe DED (without treatment with topical artificial tears) and ocular pain were included in the study. 

OSDI score, 3rd OSDI question score, TBUT, and Schirmer test scores improved after 12 weeks of 

treatment with vitamin B12 (p < 0.001 for each group) (40). 

 

A randomized controlled trial of forty-three patients investigated the efficacy of an antioxidant dietary 

supplement consisting of anthocyanosides, astaxanthin, vitamins A, C, E, and various herbal extracts in 

the treatment of patients with DED. After therapy, objective parameters such as ROS content in tears, 

Schirmer test, tear break-up time, and corneal staining with fluorescein improved significantly, supporting 

the efficacy of this supplement in improving lacrimal gland function, tear film stability, and reducing 

epithelial damage (41). 

 

vitamin D has been studied as a potential therapy for DED. A recent study evaluated the efficacy of 

vitamin D supplementation in patients with DED who did not respond to conventional treatment and were 

vitamin D deficient. A total of 105 patients were enrolled in the study and reported significant 

improvement in the Schirmer test, break-up time, corneal staining, lid margin hyperemia, and subjective 
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complaints (42). Another study showed significant improvement in DED symptoms after 2 months of 

vitamin D supplementation (43).  

 

 

No. Author Publish year Vitamin / Antioxidant Conclusion 
1 Alanazi et al. 2019 Vitamin A short-term oral vitamin A supplementation 

improves the quality, but not quantity, of tears in 
patients with dry eye. Future studies should involve 
larger patient samples and longer periods of vitamin 
A supplementation 

2 Ozen S et al. 2017 Vitamin B12 findings indicate that vitamin B12 deficiency is 
related with neuropathic ocular pain . It may be 
important to consider measuring the serum vitamin 
B12 level in patients with severe DED presenting 
with resistant ocular pain despite taking topical 
treatment. 

3 Huang J et al. 2016 Antioxidants: vitamins A, C, 
E. 

Oral antioxidant supplementations may increase 
tear production and improve tear film stability by 
reducing tear ROS. The vegetable-based 
antioxidant supplement used in this study is safe 
and can be utilized as an adjuvant therapy to 
conventional artificial tear therapy for patients with 
DES.  

4 Bae S et al. 2016 Vitamin D vitamin D supplementation promoted tear secretion, 
reduced tear instability, and reduced inflammation 
at the ocular surface and eyelid margin. 
Furthermore, vitamin D supplementation improved 
the symptoms of DES. In conclusion, vitamin D 
supplementation is an effective and useful treatment 
for patients with DES that is refractory to 
conventional treatment. 

5 Yang C et al. 2018 Vitamin D Low vitamin D levels (< 50 nmol/l) were associated 
with dry eye symptoms in older individuals but not 
those diagnosed with dry eye. Vitamin D 
supplement increased the vitamin D levels, and 
improved dry eye symptoms, the tear quality and 
ocular surface conditions.  

 
     

Table 2. role of vitamins and antioxidants in Ocular surface disease (OSD) 
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11.2 Role of vitamins, antioxidants, and essential fatty acids in Glaucoma. 
Studies that highlighted how properties of complementary nutrients and vitamins have the potential to 

impact the treatment and progression of glaucoma are shown in table 3. 

 

Wang and coworkers performed a cross-sectional study of 2912 patients that revealed that 

supplementation with Vitamin C was associated with decreased odds of glaucoma prevalence (44). 

 

A large Korean study of 16,770 people has shown that increased consumption of niacin (B3) and 

riboflavin (B2) is directly related to a lower risk of glaucoma (45). 

 

a randomized control trial of 22 glaucoma patients treated with a preparation containing forskolin, 

homotaurine, carnosine, folic acid, vitamins B1, B2, B6, and magnesium showed a reduction in 

intraocular pressure and improvement in foveal sensitivity over a 12-month period in patients with POAG 

(46). 

 

 

No. Author Publish year Vitamin / Antioxidant Conclusion 
1 Wang S et al. 2013 Antioxidant: A, C, E Neither supplementary consumption with nor serum 

levels of vitamins A and E were found to be 
associated with glaucoma prevalence. While low- 
and high-dose supplementary consumption of 
vitamin C was found to be associated with 
decreased odds of glaucoma, serum levels of 
vitamin C did not correlate with glaucoma 
prevalence. 

2 Jung K et al. 2018 niacin (B3) and riboflavin 
(B2) 

study found that lower nutrient intake of niacin was 
associated with glaucoma. Lower niacin intake was 
associated with NTG. he discovery that nutrition 
can help decrease glaucoma development or 
progression may help individuals with glaucoma 
even though this needs confirmation from 
longitudinal, prospective studies. 

3 Mutolo M et 
al. 

2016 Vitamin B1, B2, B6 reduction in intraocular pressure and improvement 
in foveal sensitivity over a 12-month period in 
patients with POAG. 

     
Table 3. role of vitamins and antioxidants in Glaucoma 
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11.3 Role of vitamins, antioxidants, and essential fatty acids in Age-related macular 

degeneration 
The Age-Related Eye Disease Study formula contained 500 mg vitamin C, 400 IU vitamin E, and 15 mg 

beta-carotene. The most recent report, Report No. 8, published in 2001, showed a mean follow-up of 6.3 

years for the 3640 enrolled study participants aged 55 to 80 years, with 2.4% lost to follow-up. 

Comparison with placebo showed a statistically significant reduction in the odds of developing advanced 

AMD with antioxidants plus zinc (odds ratio, 0.72; 99% confidence interval [CI], 0.52-0.98). The ORs for 

zinc alone and antioxidants alone were 0.75 (99% CI, 0.55-1.03) and 0.80 (99% CI, 0.59-1.09), 

respectively. In participants with extensive small drusen, nonextensive intermediate-sized drusen, or 

pigmentary abnormalities, the 5-year probability of progression to advanced AMD was only 1.3% (34). 

 

From 2006 to 2012, AREDS was superseded by AREDS2. 

The AREDS2 formula contains 500 mg of vitamin C, 400 IU of vitamin E, 2 mg of copper, and 80 mg of 

zinc like the original AREDS formula. However, the beta-carotene content was changed to 10 mg lutein 

and 2 mg zeaxanthin due to the increased incidence of lung cancer in former smokers. 

RCA from 2013 The median follow-up time was 5 years, with 1940 eyes (1608 participants) developing 

advanced AMD. The Kaplan-Meier probability of progression to advanced AMD at 5 years was 31% (493 

eyes [406 participants]) for placebo, 29% (468 eyes [399 participants]) for lutein+zeaxanthin, 31% (507 

eyes [416 participants]) for DHA +EPA, and 30% (472 eyes [387 participants]) for lutein+zeaxanthin and 

DHA +EPA. Comparison with placebo in the primary analyzes showed no statistically significant 

reduction in progression to advanced AMD (hazard ratio [HR], 0.90 [98.7% CI, 0.76-1.07]; P=.12 for 

lutein+zeaxanthin; 0.97 [98.7% CI, 0.82-1.16]; P=.70 for DHA +EPA; 0.89 [98.7% CI, 0.75-1.06]; P=.10 

for lutein+zeaxanthin and DHA +EPA). More lung cancers were found in the beta-carotene group than in 

the group without beta-carotene (23 [2.0%] versus 11 [0.9%], nominal P=.04), especially in former 

smokers (35). The last report, Report No. 28, from 2022 by Emily Y and coworkers evaluated the long-

term results of adding lutein/zeaxanthin and omega-3 fatty acids to AREDS supplements on the 

progression of age-related macular degeneration and the 10-year risk of developing lung cancer. 

the study included 3882 participants, the odds ratio (OR) for lung cancer was 1.82 (95% CI, 1.06-3.12; P 

= .02) for those randomized to beta-carotene and 1.15 (95% CI, 0.79-1.66; P = .46) for lutein/zeaxanthin. 

The hazard ratio (HR) for progression to late AMD comparing lutein/zeaxanthin with no lutein/zeaxanthin 

was 0.91 (95% CI, 0.84-0.99; P = .02) and 1.01 (95% CI, 0.93-1.09; P = .91) comparing omega-3 fatty 

acids with no ω-3 fatty acids (47). 
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No. AREDS/AREDS2  Report number Publish year Conclusion 
1 AREDS 8 2001 Individuals older than 55 years should undergo an 

eye examination to determine their risk for 
developing advanced AMD. Individuals with 
extensive moderate-sized drusen, at least 1 large 
druse, noncentral geographic atrophy in 1 or both 
eyes, or advanced AMD or vision loss due to AMD 
in 1 eye and without contraindications such as 
smoking should consider taking a dietary 
supplement containing antioxidants and zinc as 
used in the study. 

2 AREDS2  2013 The addition of lutein+zeaxanthin, DHA +EPA, or 
both to the AREDS formulation did not further 
reduce the risk of progression to advanced AMD in 
the primary analyzes. However, because of the 
possible increased incidence of lung cancer in 
former smokers, lutein+zeaxanthin may be a 
suitable carotenoid replacement in the AREDS 
formulation. 

3 AREDS2 28 2022 the results of this long-term epidemiological 
follow-up study of the AREDS2 cohort suggest that 
lutein/zeaxanthin was a suitable substitute for beta-
carotene in the AREDS2 supplement. Beta-carotene 
intake nearly doubled the risk of lung cancer, 
whereas lutein/zeaxanthin did not have a 
statistically significant increased risk. Compared 
with beta-carotene, lutein/zeaxanthin had a 
potentially beneficial effect on late AMD 
progression. 

     
Table 4. The role of vitamins and antioxidants in Age-related macular degeneration 
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12. DISCUSSION OF THE RESULTS 
 

The results of multiple studies suggest that omega-3 fatty acid supplementation can improve the signs and 

symptoms of dry eye disease (DED). This includes a large cross-sectional study of over 30,000 women 

and multiple randomized controlled trials. Two recent meta-analyses have confirmed the therapeutic 

benefit of omega-3 fatty acid supplementation for DED. These meta-analyses found that omega-3 fatty 

acid supplementation can decrease dry eye symptoms and corneal fluorescein staining while increasing 

tear break-up time (TBUT) and Schirmer test values. These results indicate that omega-3 fatty acid 

supplementation may be an effective therapy for DED. (Table 1.) 

 

Several studies have shown that nutritional supplementation can play an important role in the treatment of 

dry eye disease (DED). Vitamin A deficiency is associated with xerophthalmia, which is characterized by 

a dry eye condition resulting from the inadequate function of the lacrimal glands. A short-term oral 

supplementation of vitamin A has been shown to significantly decrease tear ferning grade and increase 

tear osmolarity in patients with DED. 

Moreover, DED has been linked to neurosensory abnormalities and neuropathic pain, which have been 

identified as important features of the disease. Vitamin B12 supplementation has been shown to improve 

symptoms of severe DED and ocular pain, while an antioxidant dietary supplement containing various 

vitamins, herbal extracts, and antioxidants has been shown to improve tear film stability, reduce epithelial 

damage, and enhance lacrimal gland function in patients with DED. 

Additionally, vitamin D supplementation has been investigated as a potential therapy for DED, 

particularly for patients who are unresponsive to conventional treatments and are vitamin D deficient. 

Studies have reported significant improvement in objective parameters, such as the Schirmer test and tear 

break-up time, as well as subjective symptoms after vitamin D supplementation. 

Taken together, these findings suggest that nutritional supplementation may provide a safe and effective 

alternative or adjunctive treatment for patients with DED, particularly for those who are unresponsive to 

conventional treatments or have nutritional deficiencies. However, further research is needed to better 

understand the mechanisms underlying the beneficial effects of these supplements and to determine the 

optimal doses and duration of treatment for each patient. (Table 2.) 

 
 

 

 



 30 

Certainly. Research has suggested that certain complementary nutrients and vitamins may have the 

potential to impact the treatment and progression of glaucoma. For example, a cross-sectional study found 

that supplementation with Vitamin C was associated with decreased odds of glaucoma prevalence. 

Additionally, a large Korean study showed that increased consumption of niacin (B3) and riboflavin (B2) 

is directly related to a lower risk of glaucoma. In a randomized control trial, a preparation containing 

forskolin, homotaurine, carnosine, folic acid, and vitamins B1, B2, B6, and magnesium was shown to 

reduce intraocular pressure and improve foveal sensitivity over 12 months in patients with primary open-

angle glaucoma. These findings suggest that certain nutrients and vitamins may have a beneficial effect on 

glaucoma, although further research is needed to fully understand their potential as treatments. (Table 3.) 

 

The Age-Related Eye Disease Study (AREDS) formula and its updated version (AREDS2) were 

developed to study the effects of various nutrients on the development and progression of age-related 

macular degeneration (AMD). The original AREDS formula contained vitamins C and E, beta-carotene, 

and zinc, while AREDS2 replaced beta-carotene with lutein and zeaxanthin. Both formulas were found to 

reduce the risk of advanced AMD, but the use of beta-carotene in the original formula was associated with 

an increased risk of lung cancer, especially in former smokers. The addition of lutein/zeaxanthin and 

omega-3 fatty acids to AREDS supplements was also found to be beneficial for reducing the risk of 

advanced AMD, but the use of beta-carotene was still associated with an increased risk of lung cancer. 

(Table 4.) 
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13. CONCLUSIONS 
 

1. The administration of oral supplements containing vitamins A, C, and E as well as Omega-3 fatty acids 

have been demonstrated to be an effective means of improving the clinical manifestations of dry eye 

disease. 

 

2. Consumption of vitamin C supplements has been linked to a reduction in the likelihood of developing 

glaucoma, as suggested by recent research findings. 

 

3. Use of the Age-Related Eye Disease Study formula supplement has been shown to decrease the five-

year risk of progression to advanced Age-related macular degeneration, although no significant reduction 

in the incidence of this condition was observed. 

 

4. Vitamins, antioxidants, and essential fatty acids play crucial roles in promoting ocular surface health 

and preventing or managing various ocular diseases, including dry eye disease, glaucoma, and Age-related 

macular degeneration. 
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