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MACULA

A
ge-related macular degeneration (AMD) is

the leading cause of severe vision loss in the

developed world. Because of a lack of effec-

tive treatments for AMD, and because evi-

dence indicates that the pathogenesis of the disease

may involve oxidative processes, there has been

increased interest in the potential preventive role of

nutritional supplementation.1

The Eye Diseases Prevalence Research Group

(EDPRG) identified AMD as the major cause of blind-

ness among elderly people of European ancestry.2 The

EDPRG estimated that about 1.2 million US residents

are living with AMD, and 970,000 are living with geo-

graphic atrophy, while 3.6 million people have bilateral

large drusen. Within the next 20 years, these values are

expected to increase by 50% with projected demo-

graphic shifts.2

LUTEIN ANTIOXIDANT 

SUPPLE MENTATION TRIAL

The Lutein Antioxidant Supplementation Trial found

that visual function was improved with the use of sup-

plements containing lutein or lutein together with

other nutrients. The authors suggested that supple-

mentation with lutein or lutein plus a broad spectrum

of antioxidants, vitamins and minerals may play a role

in the treatment of atrophic AMD.3

The Age-Related Eye Disease Study (AREDS), a multi-

center, prospective, randomized clinical trial sponsored

by the National Eye Institute, found that, in people at

high risk for developing advanced AMD, supplementa-

tion with a high-dose combination of vitamin C, vita-

min E, beta-carotene and zinc lowered the risk of devel-

oping advanced AMD by about 25% compared with

placebo.4

Further study of nutritional supplementation for the

prevention or delay of advanced AMD development is

now being undertaken in a follow-up study, AREDS 2,

which is currently enrolling patients. AREDS 2 will

investigate additions to and alterations of the cocktail

of micronutrients used in the first AREDS (See sidebar,

Study Obectives: AREDS 2). In randomized fashion, the

use of lutein and zeaxanthin instead of beta-carotene

will be evaluated, as well as the addition of long-chain

polyunsaturated fatty acids (LCPUFAs) of the omega-3

family.

AREDS REVIEW

This article reviews some of the findings of AREDS,

Omega-3s and
Angiogenesis

The AREDS study found an association between greater fish intake and reduced risk 
of AMD progression. AREDS 2 hopes to further qualify the relationship 

between dietary supplements and AMD.

BY EMILY Y. CHEW, MD

The objectives of AREDS 2 are to:

• Study the effects of high supplemental doses of the
dietary xanthophylls (lutein and zeaxanthin) and
omega-3 LCPUFAs (DHA and EPA) on the develop-
ment of advanced AMD.

• Study the effects of these supplements on cataract
and moderate vision loss (doubling of the visual angle
or the loss of 15 or more letters on the ETDRS chart).

• Study the effects of eliminating beta-carotene in
the original AREDS formulation on the development
and progression of AMD.

• Study the effects of reducing zinc in the original
AREDS formulation on the development and progres-
sion of AMD.

• Validate the fundus photographic AMD scale
developed from the Age-Related Eye Disease Study.

Source: web.emmes.com/study/areds2/about/about.htm

STUDY OBJECTIVES: AREDS 2
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which has to date yielded 19 published reports, as well

as approximately 70 abstracts and presentations at sci-

entific meetings, and the rationale for undertaking

AREDS 2.

LCPUFA S AND A MD

LCPUFAs are divided into two classes. Omega-3

LCPUFAs, predominantly docosahexaenoic acid (DHA)

and eicosapentaenoic acid (EPA), are acquired nutri-

tionally from fish. Omega-6 LCPUFAs, mainly

arachadonic acid (AA), are acquired nutritionally pre-

dominantly from red meat.

The role of these dietary lipids in the regulation of

angiogenesis is not well defined beyond evidence from

basic science. Structurally, DHA and AA are found in

neural and vascular cell membrane phospholipids. EPA

is found in the retinal vascular endothelium. Dietary

LCPUFAs are released in the body as free fatty acids.

LCPUFAs and their metabolites affect and are affected

by metabolic factors, environmental factors and

processes in the vascular and neural retina.

Experimental studies have shown that omega-3

LCPUFAs have the capacity to affect the production

and activation of angiogenic growth factors.5-7

In addition to its interventional component, the first

AREDS included an observational component that

assessed participants’ dietary intake. Investigators

sought to determine whether nutrient or food intake

levels were independently associated with AMD. To

this end, a 90-item food frequency questionnaire was

administered to participants at baseline, and intake of

all nutrients, carotenoids, and dietary lipids was evalu-

ated.8

The initial AREDS included 1,060 participants with

intermediate drusen, 1,568 with large drusen, 658 with

neovascular AMD, 119 with geographic atrophy and

1,115 participants who served as controls.

INITIAL STUDY OUTCOME S

At the end of the study period, analysis revealed

that participants who ate fish twice a week had a

reduced risk of developing AMD or of having it

progress, in comparison with those who ate less fish. 

When the intake of total omega-3 LCPUFAs was

compared in participants with neovascular AMD and

the control population with no drusen, those in quin-

tile 5 (with the highest intake of total omega-3) were

found to have a 40% reduced risk of developing AMD

(odds ratio [OR]: 0.6; confidence interval [CI] 0.4-0.9)

compared with those with the lowest intake.

Comparing DHA intake in those same two groups,

participants in quintile 5 (the highest DHA intake) had

a reduced risk of developing AMD (OR 0.54; CI 0.4-0.8)

relative to quintile 1. Comparison of EPA intake yield-

ed similar results (OR 0.75; CI 0.4-0.9). All of these dif-

ferences were statistically significant. 

Similar analysis was performed in the same two

study populations for intake of broiled or baked fish.

Participants who consumed more than one serving per

week had a reduced  risk of developing AMD (OR 0.64;

CI 0.4-0.99) compared with those who ate no fish.

The investigators also analyzed red meat consump-

tion and the effect of AA on risk reduction. In AREDS

participants with neovascular AMD and the control

population with no drusen, those in quintile 5 (who

consumed the most red meat) showed only a trend

toward a reduced risk (OR 1.54; CI 1.1-2.3) compared

with those in quintile 1.

A SPIRIN AND A MD

Aspirin, a cyclooxygenase inhibitor, is involved in the

mechanisms of vascular regulation, inflammation, and

cell survival. The interaction of aspirin use and dietary

intake of omega-3 was analyzed by AREDS investiga-

tors.9

Responses to a dietary questionnaire were used to

analyze dietary lipid intake in 1,112 participants with-

out AMD and 657 participants with neovascular AMD,

and to identify participants who took aspirin five

times a week for at least 3 consecutive months.

Participants were stratified into quintiles for LCPUFA

intake, and within each quintile, the duration of

aspirin use, was analyzed.

Analysis showed that the percentage of participants

with neovascular AMD decreased as the duration of

aspirin use increased. Further, within each LCPUFA

intake quintile, the percentage of participants with

neovascular AMD decreased as the reported duration

of aspirin use increased. The longer the duration of

regular aspirin use, the lower the percentage of those

with neovascular AMD. The highest proportion of

people with neovascular AMD was seen in those with

the lowest LCPUFA intake and no regular aspirin use.

In the AREDS population, regular aspirin use by itself

was not an important risk reduction factor, but in

The first AREDS included an 

observational component that

assessed participants dietary intake.
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combination with EPA and DHA intake, it was protec-

tive against neovascular AMD. The protective effect

was seen as quickly as 3 months after beginning daily

use, and it was greater after 5 years of daily use. 

AREDS 2  STUDY

The implications of food intake analysis in AREDS,

although informative, are limited in strength because of

the study’s design. AREDS 2 is a multicenter, phase 3 ran-

domized clinical trial designed to assess the effects of oral

supplementation with high doses of macular xantho-

phylls (lutein and zeaxanthin) and/or omega-3 LCPUFAs

for the prevention or delay of AMD, cataract and moder-

ate vision loss.10

Lutein represents about 36% of all retinal

carotenoids; zeaxanthin and meso-zeaxanthin each

represent about 18%.11 The two carotenoids had been

considered for inclusion in the original AREDS formu-

lation, but at the time of initiation of that study nei-

ther was readily available for manufacturing in a

research formulation. 

AREDS 2 will provide information on the clinical

course, prognosis, and risk factors for development

and progression of AMD and cataract. Other study

goals include evaluating the effect of eliminating beta-

carotene and/or reducing the amount of zinc in the

original AREDS formulation on the progression and

development of AMD.12 

Enrollment for AREDS 2 began in November 2006

with the goal of enrolling 4,000 participants by

February 2008. Ten centers will enroll about 150

patients each; other centers will enroll between five

and 20 patients each. 

INCLUSION CRITERIA

For inclusion in the study, participants must be

between 50 and 85 years old, diagnosed at baseline

with either large drusen in both eyes or large drusen in

one eye and advanced AMD in the fellow eye. At base-

line, participants must have sufficiently clear lenses to

allow good quality fundus photographs.

Patients will be randomized to receive one of four

study supplements daily: placebo, lutein/zeaxanthin,

DHA/EPA or lutein/zeaxanthin plus DHA/EPA. More

information about the study can be found at

www.areds2.org.

To date, studies linking nutritional supplements to

reduced risk of cataracts are controversial.13,14 A multi-

vitamin/multimineral supplement with a combination

of vitamin C, vitamin E, beta-carotene, and zinc is rec-

ommended for reducing the risk of developing AMD,

but not cataract.14 AREDS 2 will evaluate additional

nutrients as dietary supplements to further under-

stand the role of omega-3s in nutritional supplemen-

tation to prevent or delay the development of AMD

and cataract. ■

Emily Y. Chew, MD, is the study chair of the AREDS 2

study. She is a member of the Division of Epidemiology

and Clinical Research at the National Eye Institute. Dr.

Chew may be reached at echew@nei.nih.gov or 301-496-

6583.
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retinal carotenoids; zeaxanthin and

meso-zeaxanthin each represent
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