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Abstract: 

Age-related macular degeneration (AMD) is a leading cause of visual impairment and blindness 

among older individuals. The search for effective preventive strategies has led to extensive research 

on the role of various nutrients, including vitamin A. This comprehensive review aims to provide an 

in-depth analysis of the existing literature on the relationship between vitamin A and the prevention 

of (AMD). It also explores the mechanisms by which vitamin A can exerts its protective effects 

against (AMD). Vitamin A is known for its antioxidant and anti-inflammatory properties, which 

helps to counteract the oxidative stress and inflammation in the retina. It also plays a crucial role in 

maintaining the health and function of photoreceptors along with retinal pigment epithelium (RPE). 

Understanding these mechanisms is essential for comprehending the potential benefits of vitamin A 

in preventing (AMD). Several studies regarding impact of cooking methods on bioavailability of 

vitamin A is discussed with reference to scientific literature. The review discusses different forms of 

vitamin A, including retinol, retinaldehyde, retinoic acid, and provitamin A carotenoids. The main 

objective of this review was to emphasize the potential of vitamin A in order to prevent the risk of 

(AMD) in older patients. This review will be a key support for clinicians and researchers in 

formulating preventive strategies for AMD and conducting more studies in the future. 
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1. Introduction 

1.1 Age-Related Macular Degeneration 

Age-Related Macular Degeneration (AMD) is a prevalent ocular condition characterized by the 

progressive degeneration of the macula (the central region of the retina responsible for central 

vision) [1]. It is the leading cause of irreversible vision loss and blindness among the elderly 

population in developed countries [2]. AMD can be classified into two types: Dry AMD, which 

accounts for the majority of cases and is characterized by the accumulation of drusen and retinal 

pigment epithelium (RPE) degeneration, and wet AMD, which involves the growth of abnormal 

blood vessels in the macula [3]. The below diagram shows occurrence of AMD and functional 
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impairment of the eyesight.   

 

Figure 1: (A) Schematic representation of an AMD eye, (B)Functional effects on vision capability 

and structural retinal abnormalities with each sub-type of AMD. (C) Drusenaccumulation, Bruch´s 

membrane alteration and RPE modifications are classical retinal changes associated with atrophic 

AMD&(D)while neovascularisation, fluid accumulation and vascular leakage are typical markers of 

exudative AMD[Bobadilla,M., et al. (2022), [17]  

1.2 Vitamin A and Its Metabolites 

Vitamin A is a fat-soluble vitamin essential for various biological processes, including vision, 

cellular differentiation, immune function, and growth [4]. It exists in different forms, including 

retinol, retinyl esters, and retinoic acid. Retinol, the primary circulating form, is obtained from 

animal sources, while provitamin A carotenoids, such as beta-carotene, are converted to retinol in 

the body [5]. Retinyl esters, found in animal-derived foods, are hydrolyzed to retinol during 

digestion [6]. Retinoic acid, a metabolite of retinol, plays a crucial role in gene expression 

regulation [7]. 
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2. Pathogenesis of Age-Related Macular Degeneration 

2.1 Oxidative Stress and Inflammation 

Oxidative stress and chronic inflammation play critical roles in the pathogenesis of AMD. Increased 

levels of reactive oxygen species (ROS) and reduced antioxidant capacity contribute to oxidative 

stress, leading to damage in the retina and RPE [8]. Chronic inflammation, characterized by the 

activation of immune cells and the release of inflammatory cytokines, further exacerbates the 

degenerative processes in AMD [1]. 

2.2 Genetic Factors 

Genetic factors contribute significantly to the development and progression of AMD. Several gene 

variants have been associated with an increased risk of AMD, including complement factor H 

(CFH), complement component 2 (C2), complement factor B (CFB), and age-related maculopathy 

susceptibility 2 (ARMS2) [9]. These genetic variations affect various biological pathways, including 

inflammation, lipid metabolism, and the complement system, leading to an altered risk of AMD 

development. 

2.3 Impaired Retinal Pigment Epithelium (RPE) Function 

The retinal pigment epithelium (RPE) plays a vital role in maintaining retinal health and function. 

Dysfunction of the RPE, characterized by impaired phagocytosis, increased lipofuscin 

accumulation, and compromised transport of nutrients and waste products, contributes to the 

pathogenesis of AMD [10]. Impaired RPE function leads to the disruption of the outer blood-retinal 

barrier and subsequent degeneration of photoreceptor cells. 

3. Role of Vitamin A in Age-Related Macular Degeneration (AMD) 

3.1 Retinol and Retinyl Esters 

Retinol and retinyl esters are important forms of Vitamin A that contribute to the prevention of 

AMD. Retinol, as a circulating form of Vitamin A, is involved in visual pigment synthesis and 

supports the integrity of the photoreceptor cells in the retina [4]. Retinyl esters, found in animal-

derived foods, serve as storage forms of Vitamin A and are converted to retinol during digestion, 

providing a reservoir for maintaining optimal Vitamin A levels [11]. 

3.2 Beta-Carotene and Carotenoids 

Beta-carotene and other carotenoids, which serve as provitamin A compounds, have been associated 

with a potential protective role against AMD. Carotenoids function as antioxidants and protect 

against oxidative damage in the retina [12]. High dietary intake and blood levels of lutein, 

zeaxanthin, and other carotenoids have been inversely associated with the risk of developing AMD 

[13]. 
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3.3 Retinoic Acid 

Retinoic acid, a metabolite of Vitamin A, plays a crucial role in retinal development, maintenance, 

and visual function. It is involved in various cellular processes, including cell differentiation, gene 

expression regulation, and modulation of immune responses [7]. Retinoic acid has been shown to 

have anti-inflammatory properties and may help attenuate inflammation associated with AMD [15]. 

3.4 Retinaldehyde  

Retinaldehyde is an intermediate form of vitamin A that plays a crucial role in vision. It is involved 

in the visual cycle, where it undergoes a series of reactions in the retina to convert light into 

electrical signals [19]. Retinaldehyde is found in animal sources and is also produced from 

provitamin A carotenoids.Studies have shown that supplementation of retinaldehyde in the form of 

9-cis-retinal can reduce the accumulation of toxic byproducts, protect Retinal pigment 

epithelial(RPE) cells, and preserve visual function in animal models of AMD. 

3.5 Provitamin A carotenoids 

Provitamin A carotenoids, such as beta-carotene, alpha-carotene, and beta-cryptoxanthin, are plant-

derived pigments that can be converted into retinol in the body. They are abundant in fruits and 

vegetables, particularly those with orange, red, and green colors [20]. Provitamin A carotenoids 

provide a dietary source of vitamin A, and their conversion into retinol is regulated by enzymes in 

the intestine and liver [6]. Please refer the figure 2 for understanding the role of carotenoids in the 

prevention of AMD. 

4. Mechanisms of Action 

4.1 Antioxidant Properties 

Vitamin A and its metabolites possess potent antioxidant properties that help protect the retina from 

oxidative stress-induced damage. By scavenging reactive oxygen species (ROS) and reducing lipid 

per-oxidation, Vitamin A compounds help maintain the integrity of retinal cells and protect against 

oxidative damage [4]. The antioxidant activity of Vitamin A is crucial in combating the oxidative 

stress associated with AMD development. 

4.2 Anti-inflammatory Effects 

In addition to its antioxidant properties, Vitamin A exerts anti-inflammatory effects that can help 

mitigate the chronic inflammation associated with AMD. Vitamin A compounds regulate the 

expression of pro-inflammatory cytokines and modulate immune cell activity, thus reducing 

inflammation in the retina [11]. These anti-inflammatory properties contribute to the overall 

protective effects of Vitamin A against AMD progression. Following figure depicts the mechanism 
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of action of carotenoids on AMD. 

 

Figure 2: Mechanism of Action of Carotenoids in the prevention of AMD [Johra, F. T., et al. 

(2020), [18] 

4.3 Maintenance of Retinal Pigment Epithelium Function 

Vitamin A plays a crucial role in maintaining the function and health of the retinal pigment 

epithelium (RPE), a critical layer of cells that supports the photoreceptor cells and provides 

nourishment to the retina. Vitamin A metabolites, such as retinol and retinoic acid, contribute to 

RPE function by regulating the visual cycle, promoting phagocytosis of photoreceptor outer 

segments, and supporting the integrity of the blood-retinal barrier [10]. These actions help preserve 

RPE function and prevent the accumulation of toxic byproducts, such as lipofuscin, which can 

contribute to AMD pathology. 

4.4 Modulation of Immune Response 

Vitamin A is involved in modulating immune responses within the retina, which can influence the 

development and progression of AMD. Vitamin A metabolites regulate the differentiation and 
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function of immune cells, such as T cells and macrophages, influencing the balance between pro-

inflammatory and anti-inflammatory responses [11]. By modulating immune cell activity, Vitamin 

A can help regulate inflammatory processes in the retina and potentially attenuate AMD-related 

inflammation. 

5. Epidemiological Studies 

5.1 Prospective Cohort Studies 

Prospective cohort studies have provided valuable insights into the relationship between Vitamin A 

intake and the risk of developing AMD. These studies follow a large population over time, 

collecting dietary and lifestyle information to assess the association between Vitamin A exposure 

and AMD incidence. Prospective cohort studies have shown varying results, with some suggesting a 

potential protective effect of Vitamin A against AMD development [13, 14]. However, further 

research is needed to establish more robust conclusions. 

5.2 Randomized Controlled Trials 

Randomized controlled trials (RCTs) are considered the gold standard for evaluating the efficacy of 

interventions. Several RCTs, such as the Age-Related Eye Disease Study (AREDS), have 

investigated the role of Vitamin A supplementation in AMD prevention. The AREDS trials 

demonstrated that a specific high-dose formulation of antioxidant vitamins and minerals, including 

Vitamin A, significantly reduced the risk of advanced AMD progression in individuals at high risk 

[16]. However, the generalizability of these findings to the broader population and the optimal 

dosage of Vitamin A for AMD prevention remain areas of ongoing research. 

5.3 Meta-analyses and Systematic Reviews 

Meta-analyses and systematic reviews provide a comprehensive synthesis of existing evidence from 

multiple studies. They help summarize the overall findings and assess the strength of the association 

between Vitamin A and AMD. Several meta-analyses and systematic reviews have been conducted, 

supporting the potential protective role of Vitamin A and carotenoids against AMD [11]. However, 

inconsistencies in study designs, populations, and methodologies highlight the need for further high-

quality research. 

6. Potential Limitations and Considerations 

6.1 Dosage and Safety Concerns 

While Vitamin A is essential for vision and overall health, excessive intake can be toxic and lead to 

adverse effects. Determining the optimal dosage of Vitamin A for AMD prevention requires careful 

consideration. High-dose supplementation should be approached with caution and under medical 
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supervision, particularly in individuals with certain medical conditions or taking medications that 

interact with Vitamin A [11]. 

6.2 Interactions with Other Nutrients 

Vitamin A interacts with various nutrients and compounds, and their combined effects should be 

considered. For instance, Vitamin A and Vitamin E have been shown to have synergistic antioxidant 

effects [4]. Additionally, the absorption and metabolism of Vitamin A can be influenced by dietary 

factors, such as fat intake and the presence of other carotenoids. Understanding these interactions is 

essential to optimize the beneficial effects of Vitamin A in AMD prevention. 

6.3 Variability in Individual Responses 

Individual responses to Vitamin A supplementation may vary due to genetic, lifestyle, and 

environmental factors. Genetic variations, such as in genes related to Vitamin A metabolism and 

inflammatory pathways, could influence the individual's response to Vitamin A intervention [4]. 

Additionally, factors like smoking, alcohol consumption, and dietary patterns may also affect the 

relationship between Vitamin A and AMD. Accounting for these variabilities is important when 

interpreting study findings and designing personalized approaches for AMD prevention. 

7. Effect of cooking methods on Vitamin A: 

As vitamin A is a crucial micronutrient which plays an important role in various physiological 

processes, including maintenance of healthy vision, supporting the immune system, and promoting 

proper growth and development of the body. A study conducted on spinach in (2007) was revealed 

that boiling (method of cooking) resulted in a 35% reduction in vitamin A content as compared to 

the raw state of spinach whereas steaming has been found to be one of the best methods for 

preserving the vitamin A content of various vegetables. For instance, a study on carrots 

demonstrated that steaming resulted in minimal loss of vitamin A as compared to other cooking 

methods, such as boiling or microwaving [21, 22].Another study carried out on sweet potatoes 

indicated that deep frying resulted in a 50% reduction in vitamin A content compared to the raw 

state [23]. Additionally, microwave cooking was found to cause a reduction of 10 to 20% in vitamin 

A content [24]. 

Boiling and frying generally result in higher losses of vitamin A compared to steaming and 

microwaving. However, it is important to note that the extent of vitamin A loss may also depend on 

factors such as cooking duration and the initial vitamin A content of the food source. To maximize 

the retention of vitamin A during cooking, it is recommended to use gentle cooking methods such as 

steaming and microwaving whenever possible. 
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8. Future Directions 

Future research should focus on addressing the remaining questions and uncertainties surrounding 

the role of Vitamin A in AMD prevention. This includes conducting large-scale, well-designed 

prospective studies and randomized controlled trials to further evaluate the optimal dosage, 

formulation, and duration of Vitamin A supplementation. Additionally, considering individual 

genetic and lifestyle factors may help identify subgroups of individuals who are more likely to 

benefit from Vitamin A interventions. With ongoing research, a clearer understanding of the precise 

role of Vitamin A in AMD prevention can be achieved, providing valuable insights for clinical 

practice and public health strategies. 

Conclusion: 

It has been concluded that vitamin A and its metabolites shows considerable potential in the 

prevention and management of age-related macular degeneration (AMD). The antioxidant, anti-

inflammatory, and immunomodulatory properties, as well as the maintenance of retinal pigment 

epithelium function, suggest significant benefits in mitigating AMD pathology. However, further 

research is needed to establish the optimal approaches, dosages, and safety considerations required 

to fully harness the potential of Vitamin A in preventing and managing this complex eye disorder. 

Additionally, studies on different cooking methods and their effects on the nutritive values of foods 

rich in vitamin A can provide valuable insights. Rigorous investigation into the specific mechanisms 

of action, identification of the most effective forms of supplementation, determination of 

appropriate dosage regimens, and comprehensive evaluation of potential adverse effects are crucial 

to advance our understanding and maximize the therapeutic benefits of Vitamin A in the prevention 

and management of AMD. 
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