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Introduction

Age-related macular degeneration (AMD) is the leading cause of blindness in the West.[1] The number of individuals affected with AMD is expected to double by 2020, as the aging population is living longer. With this rapid increase in cases, both preventive and treatment therapies are important. One preventive strategy is diet, and  a number of studies have implicated a role for nutrition in protecting against AMD.

A number of studies[2-4] have demonstrated a protective association, with an increased dietary intake of antioxidant vitamins corresponding to a decreased risk for AMD. The Rotterdam Study[5] investigators found that regular dietary intake of antioxidants was associated with a lower risk for incident AMD. In this study, a high dietary intake of beta carotene, vitamins C and E, and zinc (similar to the AREDS type formulation; see below) was also associated with a substantially reduced risk for AMD in elderly persons. The Reykjavik Eye Study[6] found that consuming dietary fiber-rich vegetables was associated with a lower risk of developing drusen. People who ate meat and meat products once a week or less had a lower risk for RPE abnormalities.

AREDS
The Age-Related Eye Disease Study (AREDS),[7] which was designed to prospectively examine the role of dietary components in AMD and cataracts, resulted in recommendations for some patients with AMD. Since its completion, even more questions have arisen in regard to dietary components and AMD. As a result, AREDS2 was developed to try to answer some of the lingering questions. It is currently under way.

	· Participants were randomized to receive either antioxidant vitamins, zinc, antioxidants and zinc, or placebo. The formulations included:

· vitamin C (500 mg); 

· vitamin E (400 International Units [IU]); 

· beta-carotene (15 mg); 

· zinc (80 mg of zinc oxide); and 

· copper (2 mg of cupric oxide).


The results of AREDS demonstrated a statistically significant benefit for the combination of high-dose antioxidant vitamins and zinc in providing a moderate reduction in the risk of developing advanced AMD over a median of 6.3 years of follow-up in persons at high risk.[7] The risk for progression was reduced by 25% for the entire study population and 34% for the population of patients with more advanced AMD. The overall risk for moderate vision loss (decrease of  ≥15 letters on the logarithmic chart compared with baseline) was reduced by 19% at 5 years.

Follow-up of the AREDS participants continued until December 2005. During this time, the beneficial effects of the AREDS-type supplements were demonstrated to persist at a similar level of protection. It was therefore recommended that persons with intermediate AMD or AREDS Category 3 (bilateral large drusen) or those with advanced AMD (neovascular AMD or geographic atrophy) in one eye consider taking the AREDS-type formulation to prevent the development of advanced AMD. 

For persons with early AMD, however, the AREDS-type supplements did not prevent progression from Category 2 to Category 3. The risk of developing advanced AMD was also exceedingly low, making it unlikely that persons with less severe AMD than Category 3 disease will benefit from the use of AREDS-type supplements.

Adverse Effects

During the course of AREDS, supplementation of beta-carotene was demonstrated to increase the risk for lung cancer in smokers.[8,9] Beta-carotene also increased the yellowing of the skin but this was of no health consequence. Currently, the AREDS formulation is not recommended for smokers.

Observed side effects were minimal for the AREDS participants. A potential for an increase in genitourinary hospitalizations (eg, unspecified urinary tract infection and prostatic hyperplasia in men and stress incontinence in women) was more frequent in participants randomly assigned to the zinc arms compared with those not assigned to zinc (7.5% vs 4.9%; P = .001).[7] 

Because of data suggesting that zinc supplementation may result in Alzheimer's disease, participants were examined for cognitive changes. No impact from any of the AREDS-type treatments was detected on cognition in the study participants.[10] An analysis of zinc vs no zinc found a significant benefit in mortality reduction (relative risk, 0.73; 95% confidence interval: 0.61-0.89).[7,11]
Vitamins and Mortality

More recently, warnings of increased morbidity and mortality with the use of vitamins have emerged from a number of meta-analyses.[12,13] The first meta-analysis[12] found no increased risk for mortality overall. However, subgroup analyses that were conducted by excluding those studies that had no deaths found an increased risk for mortality. Criticisms of this report have included a refutation of the methodology in the subgroup analyses,[14] as well as the fact that the major contributions to the analyses were from large trials, especially those of beta-carotene, in which heavy smokers were included, creating negative bias towards the final analyses.[15]
Another meta-analysis found that patients taking vitamin E in doses of 400 IU or more had a higher risk for cardiovascular mortality than those who did not take vitamin E.[13] In contrast, analyses from AREDS and other studies using similar doses of vitamin E showed that there was no increased risk for mortality.[16] Analyses of 5-year mortality rates in AREDS also demonstrated no increased risk in those participants randomized to high-dose antioxidant vitamins and zinc.[17] On the basis of these data, it appears to be safe to take the 400 IU dose of vitamin E found in the AREDS formulation

Dietary Analyses in AREDS: Lutein/Zeaxanthin and Omega-3 Long-Chain Polyunsaturated Fatty Acids

AREDS participants were asked for details of their dietary habits on a food-frequency questionnaire at baseline. Comparisons were then made between patients consuming the highest vs the lowest quintiles for various components of their dietary intake.

Dietary lutein/zeaxanthin intake at baseline was inversely associated with neovascular AMD, geographic atrophy, and large or extensive intermediate drusen.[18] It has been postulated that the carotenoids may protect the retina from oxidative stress via 2 mechanisms: by absorbing the blue light that may be associated with photochemical damage and by quenching reactive oxygen species (antioxidative potential).

Also associated with a decreased risk for neovascular AMD in AREDS were omega-3 long-chain polyunsaturated fatty acids (LCPUFAs), which come from fish.[19] Dietary total omega-3 LCPUFA intake was inversely associated with neovascular AMD, as was docosahexaenoic acid (DHA), a component of omega-3 LCPUFA. Higher fish consumption, both total and broiled/baked, was inversely associated with neovascular AMD.

Both of these dietary factors have been reported in previously published reports of nutrition and AMD.[2,3,20-27] Because the data suggested that these 2 factors may warrant further investigation, the Age-Related Eye Disease Study 2 (AREDS2) was designed to evaluate these nutritional factors for the treatment of AMD

AREDS2

The primary objective of AREDS2 is to determine whether oral supplementation with macular xanthophylls (lutein at 10 mg/day + zeaxanthin at 2 mg/day) and/or omega-3 LCPUFAs, DHA 350 mg, and eicosapentaenoic acid (EPA) 650 mg, will decrease the risk for progression to advanced AMD. AREDS2 will also study the effects of these nutritional supplements on moderate vision loss and on the development of cataracts.

Approximately 4000 participants aged 50-85 years with either bilateral large drusen or large drusen in one eye and advanced AMD in the fellow eye are currently enrolled. Because the study population in AREDS2 has at least a moderate risk for AMD, all participants will be offered the original AREDS formulation. A second randomization was designed to further refine the AREDS formulation. For reasons stated above, including the increase in lung cancer in smokers and the fact that beta-carotene is not found in the eye, it was deemed worthwhile to evaluate the possibility of deleting beta-carotene. Zinc was also tested at a lower level because of concerns of the high dose of zinc and the emergence of data suggesting that individuals can absorb only about 25 mg of zinc daily. As a result of these concerns, AREDS2 includes a comparison of 4 formulations:

	· original AREDS formulation, which includes beta-carotene and 80 mg zinc; 

· original AREDS minus beta-carotene; 

· original AREDS with 40 mg of zinc; and 

· AREDS without beta-carotene and with 40 mg zinc.


In addition to the ocular outcomes, the AREDS2 population will be evaluated for cognitive function because it is thought that omega-3 LCPUFAs may have an effect on the development of dementia. We will also assess the effects of omega-3 LCPUFAs on cardiovascular disease.

Current Recommendations

Until AREDS2 is completed, the current recommendation for patients with bilateral large drusen and those with advanced AMD in one eye is to take the AREDS-type supplements. 

Patients who are smokers should avoid taking beta-carotene. 

At the conclusion of AREDS2, which is not expected for 5 years at least, we will have more data to address the effects of vitamins, minerals, and omega-3 LCPUFAs for the therapy of AMD.
