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Abstract

Age-related macular degeneration (AMD) is a progressive retinal condition characterised by degeneration of
the macula, leading to central vision loss. Whilst the underlying mechanism of AMD is not fully understood,
oxidative stress is believed to be the main driving force behind retinal damage. Although the prevalence of
AMD increases with factors such as age, smoking, and sun exposure, these alone do not fully explain
individual risk. Nutritional factors, in particular dietary antioxidant intake, have been shown to influence
the progression of dry AMD by mitigating oxidative stress and supporting retinal cellular function. By
considering the effects of nutrition on retinal health and disease outcomes, we can further our
understanding of AMD pathogenesis.

Categories: Ophthalmology
Keywords: age-related macular degeneration, amd, amd treatment, dry age-related macular degeneration, nutrition
and diet in age-related macular disease (amd)

Introduction And Background

Age-related macular degeneration (AMD) is the leading cause of irreversible visual impairment in the
developed world [1,2]. It predominantly affects individuals over the age of 55 years. The annual incidence of
AMD in those aged 55-59 years is 0.3 per 1,000, rising to 36.7 per 1,000 in individuals aged 90 years and
above [3]. AMD ranges from mild to severe vision loss and primarily affects high-acuity central vision, which
is responsible for tasks such as reading, driving, and recognising faces [4,5]. Beyond age, modifiable factors
such as smoking, poor diet, and excessive sun exposure are strongly implicated [6]. The projected global
prevalence of 288 million cases by 2040 [1,3] underscores the urgent need for preventive strategies,
particularly dietary interventions. There are two categories of AMD, based on the type of damage to the
macula. ‘Wet’ or neovascular AMD involves the growth of abnormal new blood vessels under the macula.
Although this form is less common, it is associated with a poorer prognosis and accounts for nearly 80% of
severe vision loss caused by AMD [1]. It is typically treated using intravitreal vascular endothelial growth
factor inhibitors [2]. The more common form is ‘dry’ AMD, which results from degeneration of the retinal
pigment epithelium (RPE) due to lipofuscin accumulation [2]. Unlike neovascular AMD, there is no definitive
gold standard treatment for dry AMD [2,5]. However, research has shown that the progression of early-stage
disease can be slowed with the use of high-dose zinc and antioxidant vitamin supplements [6]. This article
aims to review the current state of knowledge on the effect of nutrition on dry AMD, with a specific focus on
the components used in the Age-Related Eye Disease Studies (AREDS) formula.

Pathogenesis of dry AMD

The pathogenesis of dry AMD is complex and not yet fully understood. It is believed that oxidative stress,
along with genetic, environmental, and inflammatory factors, contributes to damage in the outer layers of
the retina, including the RPE, Bruch's membrane, the choriocapillaris, and the choroid [1,2,7]. The products
of oxidative stress are subsequently deposited in otherwise healthy tissue, leading to cellular dysfunction.
These deposits also impede the exchange of nutrients between blood vessels and the retina, resulting in
photoreceptor degradation [2]. Over time, metabolic waste products accumulate in the form of drusen
beneath the retina, further impairing photoreceptor nutrition and, consequently, phototransduction [1,2].
Several therapeutic strategies are currently under investigation, attempting to target its underlying
pathogenesis [7].

AREDS

The AREDS clinical trials remain among the largest and most significant studies to date, focusing on the
effect of antioxidant intake on AMD progression. A total of 3,640 participants were enrolled and divided into
four groups based on disease severity. The study concluded that consumption of the AREDS formula reduced
the risk of progression by 25% over five years in patients with intermediate AMD or advanced disease in one
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eye. The original formulation consisted of beta-carotene (15 mg), vitamin C (500 mg), vitamin E (400 IU),
zinc (80 mg as zinc oxide), and copper (2 mg, included to prevent copper deficiency associated with high zinc
intake). Beta-carotene was later replaced with lutein and zeaxanthin in the updated formula due to the
increased risk of lung cancer in smokers [8].

Review
Methods

This study followed the guidelines set out by the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) (Figure 1). A systematic search was conducted using the Ovid Embase and Ovid
MEDLINE electronic databases in April 2025. The primary aim of this review was to evaluate the effects of
dietary factors and nutritional supplementation on the development and progression of dry AMD. The
primary search terms were "Age-related macular degeneration” and "diet", supplemented by keywords such
as "zinc" and “antioxidants”. Boolean operators "AND" and "OR" were used to combine search terms
strategically. Reference lists of relevant articles were also manually reviewed to identify additional eligible
studies. References were exported to Mendeley for duplicate removal, resulting in 3,373 articles for
screening. Eligibility criteria included publications from 1974 onward, written in English, and encompassing
both human and clinically relevant non-human studies. No restrictions were placed on study design or
geographical location. Only original research articles were included, while meta-analyses and conference
abstracts were excluded. Each selected paper was reviewed independently by a reviewer. Any disagreements
between reviewers were resolved through discussion, and where consensus could not be reached, an
additional author was consulted. After applying these criteria, a total of 38 studies were selected for
inclusion. Risk of bias was assessed using tools appropriate to the study design. Randomised controlled trials
(RCTs) were evaluated using the Cochrane risk of bias tool (Table 7). Observational studies were assessed
using the Newcastle-Ottawa Scale (Table 2). Animal- and laboratory-based studies were assessed
qualitatively and discussed among the authors. Tables of our search strategy and PICO framework have been
included in the appendix.
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Serial

number

22

23
24

37

TABLE 1: Risk of bias assessment of randomised controlled trials using the Cochrane risk of bias

tool

Identification of studies via databases and registers

Identification

Records identified from:
OVID EMBASE (n = 3062)
OVID MEDLINE (n =1680)
Manually added (n = 24)

Records screened
(n=3373)

Reports sought for retrieval
(n=323)

A4

Screening

Reports assessed for eligibility
(n=323)

[

)

Included

[

Studies included in review
(n=38)

v

FIGURE 1: PRISMA flow chart diagram

PRISMA, Preferred Reporting Items for Systematic Reviews and Meta-Analyses.

Study

The Age-Related Eye Disease Study
Research Group, 2013 [8]

Johnson et al., 2008 [9]

Newsome et al., 1988 [10]

Newsome et al., 2008 [11]

Stur et al., 1996 [12]

Christen et al., 2012 [13]

Random
sequence

generation

Low risk

Low risk

Low risk

Low risk

Low risk

Low risk

Allocation Blinding of

concealment

Low risk Low risk
Unclear risk Low risk
Unclear risk Low risk
Unclear risk Low risk
Low risk Low risk
Low risk Low risk

participants/personnel

Blinding of

outcome

assessment

Low risk

Low risk

Low risk

Low risk

Low risk

Low risk

Records removed before
screening:
Duplicate records removed (n
=1393)
Records marked as ineligible
by automation tools (n = 0)
Records removed for other
reasons (n = 0)

Records excluded by title and
abstract
(n = 3050)

Reports not retrieved
(n=0)

Reports excluded:
Non-relevance (n = 164)
Reviews (n = 106)
Conference abstract (n = 15)

Incomplete Selective Overall

outcome data  reporting risk

Low risk Low risk Low risk
Low risk Low risk Low risk
Moderate
Unclear risk Low risk
risk
Low risk Low risk Low risk
Low risk Low risk Low risk
Low risk Low risk Low risk
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Serial
number

2

10
12

13

14

15

16

17
18

19
20
21
25
26
27
28
29

30

31

32
33

34
35

36

Study

Keeling et al., 2022 [14]

Barreto et al., 2023 [15]

Vishwanathan et al., 2016 [16]

Bone et al., 2001 [17]
Barker et al., 2011[18]
Seddon et al., 2001 [19]

Seddon et al., 2006 [20]

Chiu et al., 2009 [21]

Christen et al., 2011 [22]
Parekh et al., 2009 [23]

Eckhert et al., 1983 [24]

Newsome et al., 1996 [25]

Leung et al., 2012 [26]

Tate et al.,, 1999 [27]

Kennedy et al., 1994 [28]

Erie et al., 2009 [29]

Mares-Perlman et al., 1996 [30]

Tan et al., 2008 [31]

van Leeuwen et al., 2005 [32]
Kuzniarz et al., 2002 [33]
Klein et al., 2008 [34]

Nan et al., 2011 [35]
Stephens et al., 1988 [36]
Hayes et al., 1974 [37]

Amemiya et al., 1981 [38]

Belda et al., 1999 [39]

Simonelli et al., 2002 [40]

Delcourt et al., 1999 [41]

Mares-Periman et al., 1995 [42]

Chiu et al., 2009 [43]

Age-Related Eye Disease Study

Research Group, 2007 [44]

Study type

Animal model

Observational population
study

Human tissue cross-
sectional study

Case-control study
Animal model
Prospective cohort study
Prospective cohort study

Observational cohort
analysis

Prospective cohort study
Observational cohort study
Animal model

Case-control laboratory
study

Laboratory experimental
study

Laboratory cell culture study
Laboratory cell culture study

Case-control laboratory
study

Observational cohort study
Prospective cohort study
Prospective cohort study
Observational cohort study
Observational cohort study
Molecular laboratory study
Animal model

Animal model

Animal model

Observational case-
control/cross-sectional study

Case-control biomarker
study

Observational cohort study

Population-based case-
control study

Observational cohort
analysis

Case-control study
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Selection Comparability Outcome/exposure

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

Total
stars

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A
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Case-control biomarker
38 Shen et al., 2012 [45] 3 1 2 6
study

TABLE 2: Risk of bias assessment of observational studies using the Newcastle-Ottawa Scale

Lutein and zeaxanthin

Both lutein and zeaxanthin are pigments produced by plants and belong to a group of carotenoids called
xanthophylls. These pigments are structural isomers of each other and are closely related in terms of
function, particularly regarding eye health. They are found in high concentrations in foods such as spinach,
broccoli, peas, and parsley. As these pigments are not naturally synthesized in the human body, a daily
intake of 10 mg of lutein and 2 mg of zeaxanthin is recommended [46].

Adequate consumption of these carotenoids is considered vital for the normal functioning of bodily organs
such as the eyes, heart, and intestines. This is especially important in the context of eye disease, as there is a
well-established link between the consumption of unhealthy, high-fat, and cholesterol-rich foods and the
development of AMD [14]. While the commonly termed ‘Western diet’ is a risk factor for AMD, a
‘Mediterranean diet’ is considered protective. In fact, a study by Barreto et al. [15] revealed that adhering to
a Mediterranean diet reduces the risk of developing AMD by up to 60% in genetically predisposed
individuals. In contrast, those who did not adhere to this diet experienced a fourfold increase in AMD risk
[15]. The Mediterranean diet consists of limited red meat consumption, replaced by large amounts of fruits,
vegetables, whole grains, fish, and healthy fats, all natural sources of vitamins, antioxidants, lutein, and
zeaxanthin. The main protective mechanism of these carotenoids against AMD is their ability to scavenge
free radicals and reduce the effects of macular oxidative stress. This strong antioxidant ability stems from
the conjugated double bonds present in their cyclic ring structure. Other nutrients also play a key role in
managing macular oxidative stress, but it has been reported that lutein and zeaxanthin are more effective at
managing oxidative stress than agents such as vitamin E. Notably, zeaxanthin has a greater singlet oxygen
quenching rate constant than lutein due to the presence of an extra conjugated double bond (11 vs 10).

In the eye, lutein and zeaxanthin are found exclusively in the retina and lens. These pigments are referred to
as macular pigments, as they are the only carotenoids to accumulate in the centre of the retina, called the
macula. This retinal region contains the highest concentration of lutein and zeaxanthin and consequently
demonstrates the greatest resilience to degenerative changes. The central macula, called the fovea, consists
mainly of zeaxanthin, while lutein accumulates primarily in the peripheral regions of the macula [16]. Whilst
the lens is paramount in absorbing most UV radiation, wavelengths above 400 nm are readily transmitted to
the back of the eye where the retina is located. Retinal damage caused by visible light is highly dependent on
several factors, including wavelength, energy levels, and exposure time. Blue light (400-500 nm) is
particularly harmful to the human eye, as it carries more energy than longer wavelengths. Given their
structure, lutein and zeaxanthin can absorb harmful doses of this radiation and thus protect the retina from
photooxidative damage. These pigments essentially act as a blue-light filter and prevent oxidative retinal
damage by directly quenching free radical species such as singlet oxygen [47].

The protective role of carotenoids in the macula is further illustrated by an inverse correlation between
macular pigment density and the incidence of AMD, supporting the importance of dietary carotenoid
supplementation in AMD prevention [17]. The AREDS2 randomised clinical trial, completed in 2013 as a
continuation of the original AREDS trial (2001), provides essential guidance on dietary supplementation in
AMD. Data from AREDS2 revealed that adding lutein and zeaxanthin in a 5:1 ratio to the original AREDS1
formula decreased the progression of AMD to advanced stages by 31% compared with the placebo group. The
original AREDS1 formula, which did not contain lutein or zeaxanthin, showed only a 25% reduction. The
AREDS2 study also reported increased serum lutein and zeaxanthin concentrations of 190%-210% over the
five-year period, while these levels remained unchanged in the placebo group [46].

Omega-3 fatty acids

Omega-3 fatty acids are a type of polyunsaturated fat found in fish and plant-based products such as
flaxseeds. The human body is unable to synthesise omega-3 fatty acids, which are of three main types:
eicosapentaenoic acid (EPA), docosahexaenoic acid (DHA), and alpha-linolenic acid (ALA). The exact
mechanism by which omega-3 may protect against AMD is not fully understood, but it has been suggested
that n-3 fatty acids help regulate retinal susceptibility to light-induced damage. In particular, DHA is found
at remarkably high concentrations in photoreceptor outer segment membranes, which is thought to relate to
its role as a precursor for several important neuroprotective factors, such as neuroprotectin D1. This
neuroprotective factor is produced by the RPE in response to oxidative stress. DHA also acts as an anti-
inflammatory molecule, further supporting the idea that omega-3 fatty acids may have a beneficial role in
AMD [18].
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Omega-3 fatty acids were not included in the AREDS formula, and epidemiological studies have reported
inconsistent results regarding their protective effect in AMD. Despite this, several studies have reported an
association between omega-3 fatty acid consumption and slower AMD progression. The inconsistency in
their role is well illustrated by the Eye Disease Case-Control Study, which included 349 cases and 504
controls. Data from this study showed a statistically significant increase in retinal protection in subjects
with both a high intake of omega-3 fatty acids and a low intake of linoleic acid (an omega-6 fatty acid).
However, this trend became non-significant when omega-6 fatty acid levels were considered [19]. Similar
results were observed in the US Twin Study of AMD and the AREDS cross-sectional studies, where
statistically significant correlations between high omega-3 consumption and reduced AMD risk were only
observed in subjects with low omega-6 fatty acid intake [20].

There is also evidence from both prospective studies and an interventional trial supporting the beneficial
effects of omega-3 fatty acids in AMD. A prospective analysis of data from 1,837 AREDS participants found
that increased DHA and EPA intake was associated with a decreased rate of AMD progression over 12 years
[21]. These results are supported by a prospective analysis of data from 38,022 participants in the Women’s
Health Study, which found that women in the highest tertile for DHA intake had a 38% reduced risk of AMD
compared with those in the lowest tertile [22]. Furthermore, an interventional trial assessed the correlation
between daily consumption of 800 mg DHA in 12 women and macular pigment optical density (MPOD). It
was found that after two and four months of DHA supplementation, MPOD was significantly increased from
baseline levels. This is an important finding, considering that MPOD serves as a marker for retinal health,
suggesting that DHA has a protective role against AMD [9].

In contrast to this, the Carotenoids in Age-Related Eye Disease Study found that high intakes of both omega-
6 and omega-3 polyunsaturated fats were associated with a higher prevalence of intermediate AMD when
analysing data from 1,787 participants. Specifically, increasing levels of omega-6 were found to double the
risk of intermediate AMD. A similar linear trend was observed between high omega-3 intake and the risk of
developing intermediate AMD, although it was noted that the positive effects of omega-3 consumption may
have been masked by high omega-6 intake [23]. This lack of clarity surrounding the interaction between
polyunsaturated fats, combined with conflicting results from different studies, ultimately led to the
exclusion of omega-3 fatty acids from the AREDS2 formula [46].

Zinc

Zinc is a vital trace element, and its deficiency has been implicated in a range of physiological impairments
and pathological conditions. In terms of the eye, zinc is found in various ocular structures, with particularly
high concentrations in the RPE and the retina [24]. This has prompted the idea that zinc may play a crucial
role in maintaining retinal health.

In the RPE, zinc is believed to interact with taurine and vitamin A, regulate the light-rhodopsin reaction,
and act as an antioxidant [48]. Decreasing levels of endogenous zinc in the RPE are observed with increasing
age, as validated by in vitro studies, and the overall concentration of ocular zinc is reduced in eyes showing
signs of AMD [25,26]. Ocular signs of AMD in eyes with lower levels of zinc are thought to be due to
increased oxidative stress and deficits in metabolic pathways, including phagocytic and lysosomal functions,
as well as apoptosis [27,28]. For this reason, it has been suggested that supplementation with zinc may be an
effective method for treating or preventing dry AMD.

A cross-sectional analysis of 44 participants indicated a significantly reduced concentrations of copper and
zinc in the RPE of individuals with AMD compared with healthy controls [29]. A retrospective analysis of
1,968 participants from the Beaver Dam Eye Study revealed that individuals with the highest dietary zinc
intake had a lower risk of developing early AMD than those with the lowest intake [30]. A 10-year
prospective analysis of 1,709 patients from the same study showed that those with the highest zinc intake
were at significantly reduced risk of developing any type of AMD [31]. These findings are supported by a
prospective analysis of 4,170 participants from the Rotterdam Study, which found that increased zinc
consumption was associated with a decreased risk for any stage of AMD [32]. Furthermore, an RCT of 90
participants found that supplementation with 100 mg of zinc twice daily for 24 months resulted in
significantly increased visual acuity compared with baseline [10]. In another study involving 80 subjects with
dry AMD, supplementation with 25 mg of zinc monocysteine twice daily for six months resulted in improved
markers of retinal function, including visual acuity and contrast sensitivity [11].

Despite these studies suggesting that zinc supplementation may play a key role in retinal health and AMD,
other research has failed to establish a link. This is illustrated by a placebo-controlled trial involving 112
AMD subjects, which found no significant change in vision following two years of daily supplementation
with 200 mg of zinc [12]. A large cross-sectional study from the Blue Mountains Eye Study involving 2,873
participants also concluded that zinc had no effect on early AMD [33]. In fact, analysis of the Beaver Dam
Eye Study found an increased risk of late AMD associated with zinc supplementation [34]. As mentioned
earlier, the RPE is known to have a remarkably high concentration of zinc, likely due to its role in processing
photoreceptor outer segments. While studies have shown reduced concentrations of zinc in the RPE of
patients with AMD, it has also been suggested that excessively high zinc concentrations may damage the
RPE and that genetic factors may influence whether zinc plays a protective or harmful role [35]. Overall,
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existing results on the benefits of zinc supplementation in AMD are conflicting and inconclusive. This
highlights the need for further research into the role of zinc in AMD pathogenesis.

Vitamin E

Vitamin E is a fat-soluble vitamin with antioxidant properties that exists in eight forms, with y-tocopherol
being the most common form in Western plant-based diets. Evidence suggests that oxidative stress may be
one of the contributing factors driving neurodegenerative diseases, including retinopathy. As such, it has
been proposed that vitamin E may help prevent retinal degeneration. The retina, given its high metabolic
rate and rich blood supply, is especially susceptible to oxidative damage from free radical products.
Antioxidants play an important role in maintaining the health of retinal tissue and, consequently, overall
retinal function. Vitamin E is found in high concentrations within the RPE and the outer portions of
photoreceptor cells, where it protects against oxidative injury and retinal oedema [36]. Current guidelines
from the Food and Nutrition Board of the Institute of Medicine recommend a daily allowance of 15 mg of
vitamin E. A deficiency in vitamin E has been associated with irreversible damage to retinal structure and
function, as well as other neurological symptoms. This is well illustrated by a study in which monkeys
developed macular degeneration after being placed on a vitamin E-deficient diet [37]. Large focal lesions in
the outer photoreceptor segments were also reported in a study investigating vitamin E deficiency in rats
[38]. Case-control studies in human populations have found significantly reduced plasma vitamin E
concentrations in patients with AMD compared with healthy controls [39,40]. A cross-sectional analysis
from the Pathologies Oculaires Liées a 1'Age (POLA) study found an inverse relationship between plasma
vitamin E levels and the risk of early AMD development [41]. However, despite substantial evidence
supporting the role of vitamin E in AMD, there is also an abundance of conflicting data. For instance, a case-
control study involving 167 patients with cataract from the Beaver Dam Eye Study found no relationship
between serum concentrations of alpha- and gamma-tocopherol and any stage of AMD [42]. In fact, in the
10-year follow-up of the Blue Mountains Eye Study, participants with the highest vitamin E intake were
found to have a greater likelihood of developing late-stage atrophic AMD [31]. Overall, the large volume of
conflicting evidence regarding the effect of vitamin E on AMD makes it difficult to draw definitive
conclusions about its role in disease prevention or progression.

Vitamin C

Vitamin C, also known as ascorbic acid, is an antioxidant found in a variety of fruits and vegetables. Despite
being included in the AREDS2 formula, the evidence supporting the singular role of vitamin C in AMD is
lacking. Two cross-sectional studies of baseline AREDS data suggest that vitamin C has no effect on drusen
formation or other types of AMD [43, 44]. This is supported by findings from the Beaver Dam Eye Study,
which concluded that prior consumption of vitamin C, either through a normal diet or supplementation, has
no significant effect on the risk of early or late AMD [30]. An RCT involving 14,236 male subjects also found
no association between AMD risk and daily supplementation with 500 mg of vitamin C over a period of eight
years [13]. Although the majority of data support this, a case-control study involving 56 AMD subjects found
significantly lower plasma vitamin C levels in patients with AMD compared with healthy controls [45].
However, this was later attributed to the small sample size, and the consensus still stands that the
relationship between vitamin C and AMD is weak

Limitations

The searches for this review were limited to two databases, Ovid Medline and Ovid Embase, which may have
resulted in the exclusion of relevant studies indexed elsewhere. Furthermore, while some nutrients have
been studied extensively, there remains a limited understanding of the role of other specific nutrients in the
progression of dry AMD. This is compounded by the presence of conflicting data that limits the strength of
the evidence base.

Conclusions

Various nutritional factors influence the progression of dry AMD. These factors, including lutein,
zeaxanthin, omega-3 fatty acids, zinc, and vitamins E and C, have different effects on oxidative stress and
retinal health, aiding our understanding of the disease’s pathogenesis. Although consistent evidence
supports the protective role of lutein and zeaxanthin, the data for zinc, vitamin E, and omega-3 fatty acids
remain inconclusive, often limited by heterogeneity and confounding dietary factors. Importantly, no
nutrient alone prevents AMD progression; rather, benefits appear greatest when considered within dietary
patterns such as the Mediterranean diet. Future research should prioritise well-powered, genotype-stratified
RCTs and longitudinal cohort studies to clarify which subgroups benefit most from supplementation.
Translating this evidence into clinical guidelines is critical to optimise prevention and slow AMD
progression.

Appendices
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Date of

Database Search terms Filters Results
search

OoVID April (age-related macular degeneration OR AMD) AND (diet*.ti,ab. OR Language: English; publication 3062

Embase 2025 nutrition.ti,ab. OR zinc/ OR antioxidants/) years: 1974-2025

OoVID April (age-related macular degeneration OR AMD) AND (diet*.ti,ab. OR Language: English; publication 1680

MEDLINE 2025 nutrition.ti,ab. OR zinc/ OR Antioxidants/) years: 1974-2025

TABLE 3: Search strategy

PICO element Description

Adults with age-related macular degeneration, individuals at risk of developing AMD, and relevant experimental
animal or cellular models used to investigate AMD mechanisms

P (population)

| Dietary intake, nutritional status, or supplementation of nutrients, including antioxidants, carotenoids, zinc,
(intervention/exposure) omega-3 fatty acids, and vitamins associated with AMD

C (comparison) Placebo, standard diet, lower nutrient intake, absence of supplementation

Development or progression of AMD, retinal structural changes, visual function outcomes, or biochemical
markers related to oxidative stress, antioxidant status, or retinal physiology

O (Outcome)

TABLE 4: PICO table
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