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Abstract   
The human retina is susceptible to pathological changes such as oxidative stress and 

inflammation due to a high oxygen consumption, prolonged exposure to light and an abundant 
amount of polyunsaturated fatty acids in the photoreceptor cell membrane. Additionally, ageing and 
hyperglycemia further promote a lot of pathological mechanisms leading to retinal damage and 
vision loss. Due to their benefic effects not only into the whole body, but especially for the eyes, 
dietary carotenoids, vitamins, omega-3 fatty acids, zinc and polyphenols are seen as a therapy that 
could prevent damage to the retinal pigment epithelium and photoreceptor layer as well as visual 
impairment, characteristic to age related macular degeneration (AMD) and diabetic retinopathy 
(DR). The purpose of this article is to review the main dietary nutrients and their proposed 
mechanism of action into the body and to the eyes. 
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INTRODUCTION  

Nutrition plays a major role in human health as it can improve and 

maintain it. Good dietary habits and an active lifestyle have been associated 

over the years with the prevention of certain diseases. Age related-macular 

degeneration and diabetic retinopathy make no exception and studies show 

that certain dietary nutrients can prevent the onset and later progression to 

more severe stages. The nutrients that have been shown to exert benefic 

effects are carotenoids (lutein, zeaxanthin, meso-zeaxanthin, beta-carotene), 

omega-3 fatty acids, vitamins (A, C and E), minerals (zinc) and 

polyphenols.  
 

AGE RELATED MACULAR DEGENERATION AND DIABETIC 

RETINOPATHY 

Age related-macular degeneration is a complex and multifactorial 

disease that affects individuals over the age of 60 resulting in irreversible 

vision loss. Literature describes 2 types of AMD: the atrophic or dry form 

and the exudative or wet form [1] [2]. Between these 2, the wet one is 

characterized by a severe retinal damage. The pathological mechanism is 
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still uncertain and warrants more research, but previous studies identified 

several processes that may contribute in a major way to the onset of AMD 

and its progression to later stages. Oxidative stress and inflammation are the 

main processes involved [3] [4]. Oxidative stress results from an imbalance 

between the antioxidant systems and the reactive oxygen species/ROS 

generated in higher amount due to factors such as high content of PUFAs, 

high O2 consumption, prolonged exposure to light and ageing  [5][6]. 

Besides the above mentioned ways of inducing damage to the macular RPE 

layer and photoreceptors, the presence of lipofuscin and drusens is also 

important since lipofuscin promotes photooxidation through 

photosensitizing substances[1] [7], whereas drusens, the hallmark of AMD 

produce RPE detachment[1] [8]. Inflammation occurs as a result of cellular 

damage, lipofuscin-induced lysosome dysfunction, and the presence of 

drusens between the RPE layer and Bruch’s membrane [8] [9][4]. 

Diabetic retinopathy is a chronic disease that leads to blindness inpopulation 

aged between 30 and 60 years old. Similar to AMD, there are 2 stages in the 

progression of DR: the nonproliferative stage and the proliferative one [10] 

[11] [12]. Fluid accumulation in the macular region due to increased 

vascular permeability leads to thickening and vision loss. This form of 

edema is known as diabetic macular edema and it can occur in any stage of 

DR [12]. 

The pathological pathway is triggered by hyperglycemia that induces 

oxidative stress. Furthermore, oxidative stress leads to increased cellular 

damage and the activation of the polyol pathway, the advanced glycation 

end product (AGE) pathway, protein kinase C (PKC) pathway, the 

hexosamine biosynthesis pathway, activation of NF-kB, increased caspase-3 

activity, and promotes inflammation  [10][13] [14]. Inflammation and 

hyperglycemia-induced VEGF upregulation are additional major processes 

that contribute to DR. Hyperglycemia, oxidative stress, inflammation, 

VEGF and the metabolical pathways mentioned above are interrelated and 

lead in the end to: pericyte apoptosis, endothelial cells apoptosis, capillary 

damage, ischemia, and retinal degeneration [12]. 
 

DIETARY NUTRIENTS  

 

1. CAROTENOIDS.   

Carotenoids are phytochemicals found in green leafy vegetables, 

corn, yellow pepper, eggs, carrots, tomatoes, zucchini, watermelon, red 

grapes, pink grapefruit, papaya, apricots, sweet potatoes, and cantaloupe 

[15]. Diet is the only source of nutrients due to the inability of the human 
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body to synthesize them. The main 2 classes of carotenoids are carotenes 

and xantophylls [16][17] . 

Lutein and zeaxanthin are xanthophyll carotenoids that accumulate 

in high quantities in the macular region of the retina, and along with meso-

zeaxanthin are known as macular pigments or MP [19] [20]. The benefic 

effects of carotenoids exert from their ability to neutralize ROS, reduce 

inflammation, protect against blue light, improve visual acuity, contrast 

sensitivity and maintain the integrity of the retinal membranes  [22] [18][23] 

[24]. Between lutein and zeaxanthin, the last one is a more potent 

antioxidant and it is more abundant in the foveal region of the macula [16] 

[20]. Other carotenoids such as beta-carotene and lycopene have the same 

antioxidant, anti-inflammatory and anti-angiogenic properties [13]. 

Synergistic interactions that result in an increased antioxidant capacity are 

seen between carotenoids and also in combination with other classes of 

nutrients such as vitamins and omega-3 fatty acids [21].  
 

2. VITAMINS A, C AND E 

Vitamin A and C are essential nutrients since the human body cannot 

synthesize them. Vitamin A is obtained from cheese, milk, dairy products, 

eggs and liver as well as from carrots, spinach, kale as provitamin A or beta-

carotene [25]. The main benefits of vitamin A are: improving vision in low-

light, preserving the immunity, and cell growth [13]. Vitamin C is found in 

oranges, lemon, lime, pineapple, cabbage and tomatoes and possesses 

antioxidant properties as well as the capacity to regenerate vitamin E [26] 

[13] [27]. Vitamin E is obtained from dietary products like almonds, 

peanuts, hazelnuts, sunflower oil, corn oil and soybean oil [13], and it shares 

the antioxidant ability as the above-mentioned nutrients [28]. The human 

tissues and blood contain abundant amounts of α-tocopherol in comparison 

with the other forms of vitamin E: tocopherol, δ-tocopherol, and γ-

tocopherol [28][29]. It is important to highlight that lipofuscin granules and 

oxidative stress can result due to the lack of vitamin E [28]. 
 

3. OMEGA-3- FATTY ACIDS 

Omega-3 fatty acids are essential nutrients found mainly in fish, fish 

oil, chia seeds, flax oil and algae. The main omega-3 fatty acids located in 

the photoreceptor cell membrane that provide protection against 

inflammation, angiogenesis, and retinal degeneration  are docosahexaenoic 

acid (DHA), eicosapentaenoic acid (EPA), and alpha-linolenic acid (ALA) 

[30] [31]. The mechanism of action consist of inhibition of Nf-kb (nuclear 

factor kappa-light-chain-enhancer of activated B cells), VEGF, and TNF-α 
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and IL-1β [26]. Besides omega-3 fatty acids, diet is also a source of omega-

6 fatty acids that exert opposite effects.  

 

4. ZINC 

Zinc is mineral abundant in the RPE and photoreceptor layer, where 

it acts as a cofactor for antioxidant enzymes such as superoxide dismutase 

and metallothioneins, participates in POS phagocytosis, regulation of retinol 

dehydrogenase activity, and  rhodopsin regeneration [5][34][35]. The main 

dietary sources of zinc are red meat, poultry, oysters, whole grains, beans, 

mushrooms and eggs. In addition, cytotoxicity can occur after ingestion of a 

higher dose of zinc than recommended [32][33]. 

 

5. POLYPHENOLS 
Besides carotenoids, polyphenols are another group of 

phytochemicals that exert benefic effects against oxidative stress, 

inflammation, and angiogenesis. The main mechanism of action consist of 

increasing the intracellular production of antioxidants, inhibition of further 

ROS synthesis, and inactivation of pro-inflammatory cytokine 

production[37] [36]. Polyphenols are divided into 4 classes: phenolic acids, 

stilbenes (resveratrol), flavonoids (anthocyanins, quercetin, epigallocatechin 

gallate), and isoflavone and lignans [37]. Dietary sources that contain 

polyphenols are red wine, coffee, broccoli, blueberries, onions, kale, wheat, 

oranges, apples, cherries, soybeans, and linseeds. Additionally to the before 

mentioned properties, polyphenols exert antimicrobial and antiviral 

properties as well as improving ocular blood flow and vision [37]. 

 
THE AREDS 1 AND 2 

In order to demonstrate the benefic effects of dietary nutrients 

against AMD and also the optimal dosages, trials, observational studies and 

experiments on rodents and cell cultures were warranted. The most relevant 

trials so far are the AREDS 1 and 2 due to the big cohort of subjects (4757 

subjects in the first study, and 4203 in the second one) that were observed 

over a time span of 5 years. The first AREDS  (Age-Related Eye Disease 

Study) trial assigned the 4757 participants aged between 55 and 80 years old 

with at least one eye being affected by AMD  to 4 study arms, each 

receiving one of the following formulations : zinc (80 mg + 2 mg cooper) 

supplements, antioxidant ( vitamin C: 500 mg, vitamin E: 400UI, and beta-

carotene: 15 mg) supplements, formulation containing both zinc and 

antioxidants, or placebo. The results showed that the formulation containing 
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both zinc and antioxidants had an efficiency in reducing the risk of 

progression from intermediate to advanced stage of AMD by 25%[9].  

The second trial improved the initial formulation by removing beta-

carotene, because of the higher incidence of lung cancer among smokers, 

and by adding lutein, zeaxanthin and omega-3 fatty acids. Following the 

same pattern, subjects where divided into 4 group and received 10 mg 

lutein+2 mg zeaxanthin, 350 mg DHA +650 mg EPA, lutein+zeaxanthin 

and DHA+EPA, or placebo. When compared with the first trial, the most 

significant results where that lutein and zeaxanthin are safer than beta-

carotene and that they have proven to reduce the progression to later stages 

of AMD in opposition to the placebo arm. A second randomization took 

place using the initial AREDS formulation or a modified version that had a 

lower dosage of zinc, or didn’t contain either beta-carotene or beta-carotene 

and zinc [37]. In opposition to lutein and zeaxanthin, omega-3 fatty acids 

didn’t exert any benefic effects [9] [6].  
 

CONCLUSIONS  

In conclusion, oxidative stress and inflammation seen as the major 

pathological mechanism involved in AMD and DR lead to the hypothesis 

that nutrients with antioxidant and anti-inflammatory could help fight 

against retinal degeneration and vision loss. The main nutrients that were 

associated with the property to scavenge ROS, enhance the intracellular 

defense mechanism, reduce pro-inflammatory cytokine synthesis, and 

prevent cell apoptosis are in carotenoids, vitamins, omega-3 fatty acids, zinc 

and polyphenols. In addition, the existing therapies on the market are 

expensive and they target mostly the neovascularization. Thus, nutrients are 

seen an additional low cost therapy that could aid the fight against vision 

loss. 
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