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Abstract

Purpose To describe and evaluate the value of

nutritional supplements in the management of age-

related macular degeneration (AMD) through a review

of the current literature.

Methods An extensive literature search was per-

formed, and key research articles exploring AREDS

and AREDS-2 formulations, genetics, omega fatty

acids, calcium and folic acid in high-risk women were

reviewed. PubMed and Web of Science databases

were used for generating articles to review.

Results The AREDS and AREDS-2 trials, while

difficult to validate, show support for antioxidant

supplementation in reducing AMD progression in

Caucasian populations. While genetic guided person-

alized medicine has been studied mainly with com-

plement factor H and age-related maculopathy

susceptibility 2 risk alleles, the data have not been

reproducible. Women at a higher risk of cardiovascu-

lar disease may benefit from antioxidant therapies in

preventing AMD. Omega 3 fatty acid supplementation

has been widely supported through observational

studies; however, randomized controlled trials have

not shown benefit in disease progression. Calcium

exposure has been linked to increased mechanisms in

cell death and may be detrimental to older individuals

with AMD.

Conclusion The data regarding nutritional supple-

ments in preventing AMD progression are inconclu-

sive, and therefore recommendations should be based

on risk factors and demographic data.

Keywords Macular degeneration �Nutrition � Public
health � Retina

Introduction

Age-related macular degeneration (AMD) is the

leading cause of blindness in adults aged 55 and older

in the western world [1]. There are 7.3 million people

diagnosed with early AMD and 1.75 million Ameri-

cans suffering from advanced AMD [2]. Early stages

of the disease manifest as retinal pigment epithelium

abnormalities and drusen near the fovea, while late

AMD presents with geographic atrophy or choroidal

neovascularization [3]. Though therapies exist for

neovascular AMD, no effective treatment is currently

available for early and geographic atrophy-related

AMD. As a consequence, affected individuals expe-

rience significant limitations to independent
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functioning without current treatment options. Given

the prevalence and impact of the disease on quality of

life, The National Eye Institute has identified devel-

oping new AMD treatments as an important goal for

vision research [4].

In the last decade, many groups aimed to define

modifying risk factors, specifically how to address the

oxidative changes in the retina during disease pro-

gression. Positive behavioral modifications include

smoking cessation [5], exercise, and healthy diet; there

have been investigations of the utility of supplements

to slow down progression of AMD. By identifying

nutritional supplements that can help slow progression

of non-exudative AMD, the clinician is provided

another tool to provide patients with this sight

threatening disease. However, consensus on dosage,

side effects, baseline dietary intake and long-term

results makes it difficult to draw conclusions and

recommendations for patients.

This review article aims to identify and evaluate the

efficacy of nutritional supplements in slowing pro-

gression of AMD and discern the utility for genotype

guided nutritional recommendations. Literature search

was performed using key words AREDS, AREDS-2,

nutritional supplements and acute macular degenera-

tion, genetics, omega fatty acids, calcium and folic

acid. PubMed and Web of Science databases were

searched from January 1988 to December 2017.

Nutritional supplements and their mechanisms

of actions

Oxidative stress seems to play an integral role in

disease progression. With age, production of free

radicals increase and endogenous defenses decrease

[6], creating an environment conducive to damage.

The retinal antioxidant network is extensive; however,

vitamins C and E, carotenoids, lutein and zeaxanthin

are most important in protecting against oxidative

stress [6]. Anatomically, alpha- and beta-carotene are

concentrated in the macular outer plexiform layer and

outer segments of rods and cones. Zeaxanthin is

located in the central fovea and lutein resides in the

periphery. The major structural lipid in the retina,

especially in cones, is docosahexaenoic acid (DHA)

[7–9]. More specifically, DHA is involved in mem-

brane permeability and fluidity, and its anti-inflam-

matory actions inhibit formation of new choroidal

vessels, a mechanism that is compromised in neovas-

cular AMD [9].

Additionally, folic acid, vitamin B6 and vitamin

B12 lower homocysteine levels, known to cause

endothelial dysfunction, and therefore are thought to

have a protective effect against progression of AMD

[10]. Furthermore, calcium triggers caspase-depen-

dent cell death [11, 12], which can lead to further

progressing.

Prevalence of AMD is higher in Caucasians com-

pared to non-white groups suggesting a genetic

component [13]. Literature investigating the comple-

ment factor H (CFH) and age-related maculopathy

susceptibility 2 (ARMS2) genotypes is at the forefront

of personalized medicine conversations. CFH binds

zinc and neutralizes its ability to inactivate component

3b [14–16]. ARMS2 genotype is linked to mitochon-

dria and affects oxidative phosphorylation processes

[17, 18].

Age-related eye disease study (AREDS)

and AREDS-2: a hallmark for utility of antioxidant

therapy in AMD

Both AREDS and AREDS2 (Table 1) studies aimed to

elucidate the protective effects of antioxidants in

preventing cell damage in the retina. Physiologically,

antioxidants can react with the free radicals produced

in the process of light absorption. Theoretically,

consumption of higher quantities of antioxidants

may reduce the risk of AMD progression [19].

AREDS investigated the utility of antioxidants

native to healthy retinas and the effect of their

supplementation on progression of AMD. The ran-

domized controlled trial consisted of 4757 patients

aged 55–80 years who either took AREDS supple-

ments (vitamin C, vitamin E, beta-carotene, zinc and

copper) or placebo [20]. Participants who received the

AREDS supplements were diagnosed with at least

early AMD. They were split into four categories

ranging form early AMD to advanced AMD with

vision loss in one eye but good vision in the other eye.

After mean follow-up of 6.3 years, AREDS supple-

mentation had strong prevention in disease progres-

sion compared to placebo [OR 0.68, 95% CI

0.53–0.87] [19]. Participants taking supplements were

less likely to lose 15 letters of vision [OR 0.77, 95%CI

0.62–0.96] [19]. During the study, 407 patients
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without geographic atrophy at baseline developed at

least moderate geographic atrophy [6]. Zinc supple-

mentation, alone or in combination with antioxidants,

reduced the risk of progression of Category 3/4 to

advanced AMD, with a 25% five year risk reduction

compared to placebo; however, this finding was not

statistically significant [6]. It is important to note that

the concentrations of AREDS vitamin supplements

were much higher compared to dietary recommenda-

tions. While vitamin C was included in AREDS, the

link between vitamin C intake and AMD was not

supported in the Pathologies Oculaires Liées á

l’Age (POLA) Study or Eye Disease Case Control

Study [21–23]. Additionally, beta-carotene supple-

mentation in prevention of AMD is not strongly

supported [21]. Importantly, beta-carotene’s link to

increased risk of cancer in smokers led to the initiation

of the AREDS-2 clinical trial.

The AREDS-2 clinical trial aimed to improve the

efficacy and safety profile of the AREDS formulation.

The original formulation was replaced with lutein and

zeaxanthin, which are concentrated in the fovea, and

DHA and EPA. The four treatment groups included

lutein and zeaxanthin supplementation, DHA and

EPA, all four supplements, and placebo group. A total

of 4203 participants were enrolled, aged 50–85, who

were at risk of progression to advanced AMD with

bilateral drusen or large drusen in one eye and with

advanced AMD in the other. In the group assigned to

the carotenoid supplements, there was a 10% reduc-

tion in the progression to advanced AMD compared to

placebo, while the group with just DHA and EPA

supplementation did not show this effect [3]. Adverse

effects were also studied, and lutein and zeaxanthin

were not found to increase incidence of lung cancer in

smokers; hence, their supplementation could be a

better option for people with a history of smoking.

While AREDS-2 did not confidently demonstrate the

protective effects of lutein and zeaxanthin supple-

mentation on AMD progression, secondary analysis

did show protective effects in the subgroup with the

lower dietary intake of these carotenoids [3]. These

Table 1 Findings from major trials in patients with Age Related Macular Degeneration

Study/author (year) Demographics Study design Results

AREDS Group (2001) 3640 patients

55–80 years

old

RCT using placebo, high-dose

supplementation with vitamins C and

E, beta-carotene, and zinc

Zinc and antioxidants demonstrated

significant odds reduction for

development of AMD

AREDS2 Group (2013) 4203 patients

50–85 years

old

RCT using lutein ? zeaxanthin,

DHA ? EPA, lutein ? zeaxanthin and

DHA ? EPA, or placebo in addition to

AREDS formulation

Addition of lutein ? zeaxanthin,

DHA ? EPA or both to the AREDS

formulation did not reduce the risk of

progression to advanced AMD.

lutein ? zeaxanthin could serve as a

carotenoid substitute due to a potential

increased incidence of lung cancer in

former smokers

Blue Mountain Eye Study

(2006)

3654 patients

49 years or

older

Population-based prospective study Diet high in omega-3 polyunsaturated fat

(fish) protects against early and late

ARM

Nutritional AMD

Treatment 2 Trial (NAT2)

(2013)

263 patients

55–85 years

old

RCT using DHA ? EPA or placebo DHA was not significantly better than

placebo in reducing CNV in unilateral

exudative AMD

CNV was reduced in DHA patients

showing a high EPA ? DHA over

3 years (using RBCM measurements)

Women’s Antioxidant and

Folic Acid Cardiovascular

Study (WAFACS) (2008)

5442 women

42 years or

older

RCT using folic acid ? vitamin

B6 ? B12

35–40% decreased risk of developing

AMD

RCT randomized controlled trial, AMD acute macular degeneration, DHA docosahexaenoic acid, EPA eicosapentaenoic acid, ARM

age-related maculopathy, CNV choroid neovascularization, RBCM red blood cell membrane
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findings support the possibility of adequate intake of

antioxidants through dietary measures.

These trials were conducted in the well-nourished

American population, and therefore the results are not

generalizable. Additionally, other trials with shorter

follow-up, less than 2 years, did not show that these

supplements were beneficial [19, 24]. It is crucial to

note that because there is a lack of similar independent

data of the AREDS trial, it is difficult to validate the

study’s findings.

Women’s Antioxidant and Folic Acid

Cardiovascular Study (WAFACS) and AMD

The direct association between blood homocysteine

levels and risk of AMD has been well documented in

the literature [25–34]. The WAFACS (Table 1) aimed

to elucidate benefits of the homocysteine-reducing

effect of folic acid and vitamins B6 and B12 on the

progression of AMD. Hyperhomocysteinemia is

defined as a plasma concentration of greater than

15 mol/L [34–36]. Hyperhomocysteinemia induces

vascular endothelial dysfunction, impairs vascular

reactivity and promotes inflammatory processes lead-

ing to atherosclerosis and cardiovascular disease

[37–46]. Studies show that folic acid, vitamin B6

and vitamin B12 lower homocysteine levels and

subsequently attenuate endothelial dysfunction [10].

WAFACS is a randomized clinical trial that aimed

to examine the incidence of AMD in participants

receiving folic acid, vitamins B6 and B12. A total of

5205 female health professionals aged 40 and older

with pre-existing cardiovascular disease or three or

more cardiovascular risk factors and no evidence of

AMD at baseline participated. After 7.3 years of

follow-up, a total of 137 AMD cases were docu-

mented, 55 of which were in the treatment group and

82 in the placebo group (RR 0.66, 95% CI 0.47–0.93,

p = 0.02). Additionally, 26 cases in the treatment

group and 44 cases in the placebo group developed

visually significant AMD (RR 0.59, 95% CI

0.36–0.95, p = 0.03) [47]. Two years after treatment,

there was a 35–40% decreased risk of AMD in the

supplement receiving group compared to placebo,

which persisted throughout the trial [47]. The differ-

ence in AMD incidence between antioxidant and

placebo groups was stratified by age and presence of

modifiable risk factors (hypertension, hyperlipidemia,

diabetes, prior cardiovascular disease, current hor-

mone replacement therapy use, current multivitamin

use, and aspirin use); however, the relative risk

reduction did not differ between strata, showing that

antioxidant therapy independently attenuates AMD

development in high-risk women.

To better determine whether these supplements

effectively reduced homocysteine levels, Albert et al.

tested mean plasma homocysteine levels in partici-

pants receiving the antioxidant treatment. Those in the

treatment group had 18.5% less homocysteine levels

compared to placebo group (95% CI 12.5–24.1,

p\ 0.001) [48]. However, Bazzano et al. did not find

that lowering homocysteine levels in people with pre-

existing vascular disease reduced adverse cardiovas-

cular events [49]. While both follow-up studies

examined the relationship between homocysteine

levels and cardiovascular outcomes, they did not

report reducing atherosclerosis which is the main link

to AMD [50, 51]. It will be important to investigate

whether reduction of homocysteine levels is reflected

in subsequent reduction of atherosclerotic markers.

The question then becomes whether these supplements

are attenuating endothelial dysfunction directly from

homocysteine reduction or whether independent pro-

cesses are also taking place.

Additionally, the subset of the population studied in

WAFACS is very limited to high-risk women. Further

investigation of the effect of these supplements in both

genders and individuals without cardiovascular risk

factors is warranted.

Calcium supplementation and AMD

Detailed analysis of subretinal pigment epithelial

deposit compositions of patients with known AMD

shows high concentrations of calcium [52]. The role of

calcium regulation in AMD progression continues to

be studied and is supported by the current research

showing that calcium dysregulation plays an impor-

tant role in neurodegenerative diseases like glaucoma,

Alzheimer’s, Huntington and Parkinson’s disease,

where excessive calcium has been found to trigger

caspase-dependent cell death [11, 12]. Recent studies

show similarities between Alzheimer’s disease and

AMD as both disease processes involve amyloidoge-

nesis, plaque formation, inflammation, oxidative

stress and glial functional change [53–56]. Similar
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calcium-dependent pathologic mechanisms estab-

lished in the Alzheimer’s disease model can occur in

AMD, a key characteristic being age as a predisposing

factor for progression.

To better assess the link between dietary calcium

intake and AMD progression, Kaigi et al. investigated

the effect of self-reported calcium intake and AMD

diagnosis in a cross sectional study. Calcium con-

sumption and fundus evaluation for AMD were

recorded across 3191 participants aged 40 and older

who participated in the National Health and Nutrition

Examination Survey (NHANES) [57]. A total of 248

participants (7.1%) were diagnosed with AMD. After

adjustment for confounding variables, patients with

self-reported calcium consumption greater than

800 mg had a higher odds of AMD (OR 1.85, 95%

CI 1.25–2.75) [57]. A dose relationship between

calcium consumption and an AMD diagnosis was

not seen; however, a threshold phenomenon was

observed. Of note, upon age stratification, there was a

stronger association between calcium consumption

and AMD in older (aged 68 and older) compared to

younger individuals (aged 40–67) (OR 2.63, 95% CI

1.52–4.54) [57]. This observation may be secondary to

longer periods of calcium exposure in older individ-

uals and age-related dysfunction of cell membranes

that maintain calcium homeostasis [12].

While Kaigi et al. provided a convincing argument

for the possibility of calcium supplementation being

linked to the higher prevalence of AMD, there is

limited literature showing this link and therefore more

studies are warranted to validate their findings.

Furthermore, the 800 mg/d cut off as the highest

quintile of calcium supplementation is still lower than

the total daily intake of calcium for men and women in

the USA [58]. Calcium supplementation as a risk

factor for AMD progression needs to be studied further

to better guide patients with predisposition for AMD.

Omega 3 supplementation and AMD

Omega 3 fatty acids act through their renewing

capabilities in RPE cells and, when deficient, can lead

to photoreceptor degradation and accumulation of

lipid filled drusen in the RPE and sub-RPE space [3].

High DHA levels in oily fish have been associated

with decreased risk of neovascular AMD [59, 60]. The

Eye Disease Case Control Study demonstrated an

association between the higher intake of n-3 fatty acids

and the lower risk of AMD among individuals with the

lower linoleic acid (omega 6 fatty acid) consumption

[61, 62]. The Blue Mountains Eye Study (Table 1)

observed protective effects of n-2 fatty acids in late

AMD [63]. The Nutritional AMD Treatment 2

(NAT2) Trial (Table 1) demonstrated that individuals

with high content of eicosaphentaenoic acid (EPA)

and DHA in their red blood cell membranes were

significantly protected against AMD compared to the

their counterparts with lower concentrations [59, 60].

Georgiou et al. showed that daily high doses of EPA

(3.4 g) and DHA (1.6 g) for six months were associ-

ated with improved visual acuity in patients with dry

AMD [64]. However, Querques et al. reported that

DHA supplementation alone for 3 years had no effect

on the drusen remodeling process [65]. Additionally, a

2015 Cochrane meta-analysis concluded that there is

no evidence to support that omega 3 PUFA supple-

mentation prevents or slows progression of AMDwith

the AREDS-2 trial data [66, 67].

Overall, while the literature may show a positive

effect of omega 3 fatty acid supplementation as a

preventative measure of AMD progression, most

studies are observational and unsupported by random-

ized controlled trials [66, 67]. It would be reasonable

for the clinician to advise patients to consume fatty fish

or omega 3 fatty acid supplements as being possibly

beneficial in reducing AMD progression while inform-

ing patients that most data are based on observational

studies.

The role of genetics in nutritional supplementation

Analyses related to the differential effect of AREDS

supplementation among genotype groups have been

inconclusive. Individuals with homozygous CFH or

ARMS2 risk alleles have a higher rate of disease

progression compared to subjects homozygous for

non-risk alleles (HR 1.64, 95% CI 1.3–2.97,

p\ 0.0001) and (HR 2.44, CI 95% 1.96–3.02,

p\ 0.001), respectively [68]. While there are many

genotype subgroups associated with AMD progres-

sion, rare risk alleles (C2, CFB) and small effect sizes

(ATP binding cassette family, lipoprotein lipase) were

not identified in the literature as significant predictors

of risk in the AREDS study population. Awh et al.

reported that over an average of 10.2 years,
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participants with one or two CFH risk alleles derived

maximum benefit from antioxidant therapy alone (in

the AREDS formulation) compared to no beneficial

effect seen with zinc supplementation [69]. Further-

more, zinc supplementation with antioxidants had a

hazard ratio of 1.83 (p\ 0.001) in developing disease

progression compared to subjects without CFH risk

alleles [69]. As aforementioned, zinc binds with CFH

and hinders its ability to inactivate component 3b

[14–16]. Increased progression of disease was found in

antioxidant treatment alone in individuals with an

ARMS2 risk allele, p\ 0.001 [69]. The authors

suggest that the benefit of antioxidants completely

disappears in the presence of two ARMS2 risk alleles,

which can be explained by the localization to mito-

chondria and subsequent effect on oxidative phospho-

rylation [17, 18]. The study concluded that based on

distribution of genetic risk alleles, the average 10-year

progression rate for patient populations treated with

placebo was 47%, AREDS formulation was 40.5%

and with genotype directed therapy was 31.7%,

suggesting utility in genotype directed genotype

nutritional therapy [69].

The data hold promise for patients with CFH risk

alleles to undergo antioxidant therapy only, and

ARMS2 risk allele groups to utilize non-antioxidant

therapies in AMD prevention. However, several

limitations exist. First, the study group does not

investigate zinc alone in ARMS2 groups and antiox-

idants in CFH groups, partly limited by previously

established AREDS data. As such, direct correlation

cannot be extrapolated. Second, genetics of AMD

have mostly been studied in Caucasian populations,

limiting generalization to other races. Furthermore,

colleagues could not reproduce the data generated by

Awh et al. Chew et al. repeated statistical analysis and

found no benefit of genotype directed therapy with

AREDS formulation and interaction analysis found no

evidence of relative benefits with varied genotypes

[70]. However, Chew and colleagues ran statistical

analysis on more subgroups and therefore the study

lacked power in their analysis [71]. The Rotterdam

Study supported Awh et al., reporting that dietary

intake of antioxidants reduces risk of early AMD in

those at high CFH and ARMS2 genetic risk [72].

Since all AREDS2 formulations contained zinc,

analysis of the study’s data could not be reported.

However, it is important to note that AREDS2 found

no significant difference between lower or higher

doses of zinc on AMD progression, suggesting that the

effect on zinc on CFH risk allele genotypes is not dose

related [69].

Furthermore, genetic differences may explain 67%

of variability in macular pigment optical density and

27% of variability in response to lutein and zeaxanthin

supplementation over a course of 6 months in women

participants of the AREDS Study [73–75]. Therefore,

concentrations of AREDS or antioxidants, mainly

lutein and zexanthin, vary more than tenfold among

individuals [74]. No genetic studies investigating the

differences of omega 3 fatty acids, calcium supple-

mentation and vitamins B6 and B12 have been

published during this literature review to draw further

conclusion of the utility of genotyping when making

these nutritional recommendations. Interestingly,

methylenetetrahydrofolate reductase gene (MTHFR

C677T) has been associated with elevated homocys-

teine serum levels [76–78].

Overall, the role of genetics in personalized

medicine for AMD is inconclusive and limited. When

data are not collected rigorously enough, erroneous

conclusions can be drawn regarding an unknown

biological process. At this point, pharmacogenomic

recommendations remain difficult to determine based

on genetic profile.

Conclusion

With AMD being a significant public health issue, it is

important to understand and identify therapies to

attenuate disease progression. Unfortunately, there is

no supplementary regimen supported with strong data

to prevent the progression of AMD. Antioxidant

supplementation, based on the AREDS and AREDS-

2 trials, may have better utility in malnourished

communities. However, current evidence-based rec-

ommendations should be limited to Caucasians with

AMD. Due to inconclusive data and cost, recommen-

dations based on genetic variants are limited; there-

fore, genetic testing may be unwarranted at this time.

Women with AMD and high cardiovascular risk

factors based on family and demographic data can be

offered a combination of vitamins B6, B12 and folic

acid. Lastly, of the supplements that have been

investigated, omega 3 fatty acids, especially EPA

and DHA, are supported via observational studies, but

the lack of support via randomized controlled trials
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argues against their beneficial effect. After reviewing

the literature, no one nutritional supplement can be

attributed to confidently slowing the progression of

AMD. It is to the discretion of the clinician to

determine the population subset their patient falls

under and patient motivation to advise accordingly

with emphasis to inform patients of the limitations of

the current literature.
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