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Age-related macular degeneration (AMD) represents the leading cause of irreversible blindness in elderly people, mostly

after the age of 65. The progressive deterioration of visual function in patients affected by AMD has a significant impact on

quality of life and has also high social costs. Many studies showed that a higher dietary intake of nutrients, such as lutein,

zeaxanthin, beta carotene, omega-3 fatty acids and zinc, reduced the risk of early AMD. Regarding lifestyle habits, the

association between smoking and AMD is currently accepted. Finally, retinal damage caused by ultraviolet rays and blue

light is also worthy of attention. 
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1. Introduction

Age-related macular degeneration (AMD) represents nowadays the leading cause of irreversible blindness in elderly

people, mostly after the age of 65 . Recent studies predict that by 2040, the number of affected individuals worldwide

will be circa 288 million . In addition, the progressive increase in life expectancy of the world’s population and, in

particular, that of developing countries, will lead to a further increase in the elderly population . By 2025, it has been

estimated that the geriatric population will reach the amount of circa 1.2 billion people worldwide, 70% of whom residing in

developing countries . This process may contribute strongly to a steady increase in the number of people suffering from

AMD, even greater than that assumed by previous studies.

AMD is a retinal disease that typically affects the macula, causing progressive loss of central vision . Early-stage AMD is

mainly characterized by clinical signs such as drusen and alterations of the retinal pigment epithelium. Late-stage AMD

can assume two different forms: neovascular, also known as wet or exudative, or non-neovascular, also named as

atrophic, dry, or non-exudative. AMD progression to late stages results in loss of central vision, leading to severe and

persistent visual impairment and legal blindness, thus resulting in a significant impact on the quality of life and also

hindering the functional independence of affected individuals .

Early AMD is clinically characterized by typical disturbs, such as mild central distortion and reduced reading capacity with

decreased luminance. Difficulty to clearly recognize faces and central scotoma are also additional signs that can appear.

Nevertheless, in this stage, affected people are mostly asymptomatic. Late AMD may progress to a sudden and rapid

deterioration in case of a neovascular form, while a slow and gradual decline of central visual function is typical of the

atrophic form. The main feature of neovascular AMD (nAMD) is the presence of choroidal neovascularization and its

repercussions, such as intra- and subretinal fluid, hemorrhages, pigment epithelial detachments, hard exudates and,

finally, fibrotic tissue. Geographic atrophy is characterized by outer retinal thinning, and it has been evaluated that the

progression rate corresponds to circa 2 mm /year on average . It is important to point out that, according to the previous

reports and classifications, what will be described regarding the prevention of AMD is relative to the “drusen-driven” AMD,

without considering the spectrum of pachychoroid diseases.

Nowadays, although the use of intravitreal anti-vascular endothelial growth factor VEGFinjections has contributed

considerably to improve the treatment of nAMD, no effective treatment has been yet found for both early AMD and

geographic atrophy. The absence of a therapy that might at least stop the unavoidable progression of the clinical course

determines a functional limitation in daily activities and, consequently, a worsening of the quality of life for the patients.

In the last years, many researchers have tried to define modifying risk factors, especially how to address retinal oxidative

changes related to both onset and progression of the disease. In particular, positive behavioral modifications including

smoking cessation, exercise, and healthy diet with the addition of nutritional supplements .
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2. Prevalence and Incidence of AMD

The most relevant information regarding the epidemiology of AMD has been provided by three large, population-based

studies: the Blue Mountains Eye Study (BMES), Beaver Dam Eye Study (BDES), and Rotterdam Study (RS), in which

data were collected and analyzed, mainly related to both incidence and prevalence of AMD in white populations .

The above-mentioned studies have found a prevalence of late AMD of 0.2% for people aged between 55 and 64 years,

while an increased prevalence (13.1%) has been observed for people over 85 years . Specifically, BMES demonstrated

for early AMD a 15-year incidence of 22.7% and an incidence of 6.8% for late AMD, with an overall incidence greater in

women rather than men . At the same time, a meta-analysis from the European Eye Epidemiology Consortium

including 14 population-based cohort studies evidenced a prevalence of 13.2% for early AMD and 3.0% for late AMD for

people with more than 70 years .

Another large meta-analysis reported a higher prevalence of early AMD in European white people when compared with

Asian population (11.2% and 6.8%). Moreover, in comparison to African people, there is a major prevalence of both early

and late AMD for European population, while no differences have been found between African and Asian populations. On

the contrary, the prevalence of nAMD has been estimated to be similar in all ethnic groups (0.46%) .

Regarding the prevalence of AMD among different populations, it is noteworthy to underline that both population-based

and the Age-Related Disease Eye Study AREDS studies were performed before the concept of pachychoroid spectrum

diseases had been widely recognized. Specifically, the difference between pachychoroid neovasculopathy and “drusen-

driven” neovascular AMD has not been exhaustively analyzed. Pachychoroid spectrum diseases are much common in

Asian compared to Western populations. Asians currently constitute 60% of the world’s population and likely will contribute

most greatly to the global prevalence of AMD by 2040. Before the introduction of the concept of pachychoroid spectrum

diseases, pachychoroid neovasculopathy had often been diagnosed as AMD especially in Asian populations. This may

partly explain why in the previous population-based studies, there was no difference in the prevalence of neovascular

AMD in different ethnic groups even though early AMD is more common in Western than in Asian populations .

The different prevalence of non-exudative AMD among different ethnic groups may be partly explained by genetic

differences. With regard to this, a genetic study has demonstrated a lower frequency of the C-risk allele of the Y402H

polymorphisms in Japanese as compared with white populations .

3. AMD Impact on Quality of Life and Social Costs

AMD may reduce quality of life with a significant impact on the performance of normal daily activities. The burden of AMD

in terms of health has been analyzed with the aim of the disability-adjusted life years (DALY), which represents an

indicator that measures the loss of years of life due to AMD .

Reports exhibited increased levels of life stress and depression in patients affected by AMD compared to healthy subjects,

mostly when results of treatment do not correspond to patients’ expectations . In addition, it has been demonstrated

in patients affected by AMD a greater risk of functional disability, as showed by BMES, where a two times higher risk of

negative effects on daily living activity was observed .

An interesting paper has evaluated the correlation between AMD and the risk to develop a form of cognitive impairment,

including Alzheimer’s disease, throughout the course of life. The researchers found an increased risk for AMD patients to

suffer from cognitive impairment and Alzheimer’s disease, mostly in case of atrophic AMD .

Finally, it has been estimated by a large meta-analysis that AMD is associated with a 20% increased risk of overall

mortality and, specifically, a 46% increased risk for cardiovascular disease .

A deepened understanding of global patterns in health burden related to AMD is fundamental to implement focused

strategies of prevention. In this regard, a recent study has estimated the social costs of blindness related to AMD in 2020

in the United States. Specifically, the authors analyzed excess costs that occur because of blindness, measuring the

differences in total costs between blind and non-blind individuals. They found that the annual amount of excess costs for

each blind individual is about USD 5000. Translated to the whole society, it means a total societal cost of circa USD 20

billion, a value that is estimating to triple by 2050 .

In the last 25 years, the health burden of AMD has continuously grown without pause worldwide. Despite the introduction

of anti-VEGF therapy that has radically improved the clinical history of at least exudative AMD, the DALY due to AMD has
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not accordingly improved . This process has been exhaustively analyzed by previous reports across countries, which

estimated that the proportion of individuals affected by both visual impairment and blindness due to AMD raised by 81%

and 36% between the years 1990 and 2010, respectively . These observations demonstrate that the socio-economic

burden related to AMD has not been relieved with the introduction of an effective therapy. For this reason, due to the

challenge determined by the increase of both prevalence and burden of AMD, it may be necessary for the next years to

arrange additional resources on a global scale to fight this phenomenon.

4. AREDS Studies: Interventions to Stop AMD Progression

A key role in the pathophysiology of AMD progression is played by oxidative stress. Cellular aging is mainly characterized

by the production of oxygen free radicals, which eventually leads through various mechanisms to cell death. The retina

has a proper defensive mechanism against oxidative processes, which consists of vitamins C and E, carotenoids, lutein,

and zeaxanthin . In addition, the presence of a major structural lipid, docosahexaenoic acid (DHA), at the level of cones,

is involved in membrane permeability and acts against the formation of new vessels . Based on these abovementioned

findings, researchers have made attempts over the years to develop a therapy with nutritional supplements that can

hinder an unstoppable process, such as AMD.

As early as the late 1990s, attempts have been made to evaluate the impact of adding nutrients to diet that could

somehow slow or stop the progression of the disease toward blindness . In 1988, Newsome et al.  demonstrated

that a diet with zinc supplementation might reduce the visual acuity loss in patients affected by AMD. In addition, other

researchers assessed the efficacy of vitamin formulations containing zinc and antioxidants for AMD, finding contrasting

results .

The most important reports relative to the nutritional supplementation therapy have been shown by the two AREDS

studies . The AREDS study assessed the effect of high-dose vitamins C and E (500 mg and 400 IU, respectively), β-

carotene (15 mg), and zinc supplementation (80 mg) on AMD progression. The patients included in the study were divided

into four groups based on disease’s gravity, ranging from early to advanced AMD. The study demonstrated that AREDS

supplementation reduced the risk of AMD progression as compared to placebo. However, there was no significant effect

on the risk of visual acuity loss. It was also recommended that nutrition supplements should only be used by people who

do not smoke, because subsequent analyses of other studies has found a greater incidence of cancer in smokers or

recent ex-smokers who assumed β-carotene .

The AREDS-2 clinical trial  was conducted with the aim to ameliorate the efficacy of the AREDS formulation. For this

reason, a new formulation with the addition of lutein and zeaxanthin, which has the maximum concentration at the fovea,

plus DHA and EPA (docosahexaenoic and eicosapentaenoic acid) was evaluated in order to find a therapy for decreasing

the risk of AMD progression. Moreover, the new study also assessed the effect of the new formulation after eliminating β-

carotene and adjusting the dose of zinc to only 25 mg. Therefore, it has been proved that the risk of AMD progression was

not more reduced as compared to the previous AREDS study, and, in addition, it was suggested that the first formulation

should have included lutein and zeaxanthin, without β-carotene supplementation. Nowadays, the recommended

formulation based on AREDS-2 results for dry AMD contains vitamin E (400 IU), vitamin C (500 mg), lutein (10 mg),

zeaxanthin (2 mg), copper (2 mg), and zinc (80 mg, but also available with the 25 mg formulation) (Table 1).

Table 1. Daily nutritional supplementation based on the results of AREDS-2 study.

AREDS-2 Formulation

Nutritional Supplement Recommended Daily Dose

Vitamin E 400 IU

Vitamin C 500 mg

Lutein 10 mg

Zeaxanthin 2 mg
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AREDS-2 Formulation

Nutritional Supplement Recommended Daily Dose

Copper 2 mg

Zinc 80 mg
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