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Objective: To evaluate the association of lipid intake
with baseline severity of age-related macular degenera-
tion (AMD) in the Age-Related Eye Disease Study
(AREDS).

Methods: Age-Related Eye Disease Study participants
aged 60 to 80 years at enrollment (N=4519) provided
estimates of habitual nutrient intake through a self-
administered semiquantitative food frequency question-
naire. Stereoscopic color fundus photographs were used
to categorize participants into 4 AMD severity groups and
a control group (participants with �15 small drusen).

Results: Dietary total �-3 long-chain polyunsaturated
fatty acid (LCPUFA) intake was inversely associated with
neovascular (NV) AMD (odds ratio [OR], 0.61; 95% con-

fidence interval [CI], 0.41-0.90), as was docosahexae-
noic acid, a retinal �-3 LCPUFA (OR, 0.54; 95% CI, 0.36-
0.80), comparing highest vs lowest quintile of intake, after
adjustment for total energy intake and covariates. Higher
fish consumption, both total and broiled/baked, was also
inversely associated with NV AMD (OR, 0.61; 95% CI,
0.37-1.00 and OR, 0.65; 95% CI, 0.45-0.93, respec-
tively). Dietary arachidonic acid was directly associated
with NV AMD prevalence (OR, 1.54; 95% CI, 1.04-
2.29). No statistically significant relationships existed for
the other lipids or AMD groups.

Conclusion: Higher intake of �-3 LCPUFAs and fish was
associated with decreased likelihood of having NV AMD.

Arch Ophthalmol. 2007;125:671-679

T HERE IS NO KNOWN METHOD

to prevent the develop-
ment of advanced age-
related macular degenera-
tion (AMD), the leading

cause of irreversible vision loss in the United
States among persons older than 65 years.1-4

Identification of behaviorally modifiable risk
factors is a promising approach with which
to reduce the burden of AMD, a burden that
will grow as the number of elderly persons
in the population increases.5-7 Nutrient-
based preventive treatments for AMD de-
velopment and progression were exam-
ined in a controlled randomized clinical trial
in the Age-Related Eye Disease Study
(AREDS).8,9 The use of high doses of a com-
bination of antioxidants (vitamin C, vita-
min E, and beta carotene) and zinc re-
duced the risk of development of advanced
AMD by about 25% in participants who had
at least a moderate risk of developing AMD.
The overall risk of moderate vision loss
(�15 letters on the Early Treatment of Dia-
betic Retinopathy Study chart) was re-
duced by 19% at 5 years. In other analyses,
AREDS baseline data were used to identify

demographic, lifestyle, medical, and ocu-
lar factors associated with advanced AMD.

Bioactive molecules derived from diet
may modify the risk of AMD onset and
progression. Lipid-AMD relationships are
plausible since certain lipids present in the
retina have properties capable of modu-
lating cellular damage that may be asso-
ciated with advanced AMD.10,11 We were
particularly interested in the relationship
of �-3 and �-6 long-chain polyunsatu-
rated fatty acids (LCPUFAs) with AMD,
since retinal concentrations of these com-
pounds are dependent on and modifiable
by diet.12 Some studies have shown pro-
tective relationships of �-3 LCPUFA13,14

and �-3 LCPUFA–rich food intake5,13-16

with various stages of AMD. Although
these relationships did not always persist
after multivariable adjustments, mea-
sures of association remained in the di-
rection of benefit. Monounsaturated fatty
acid (MUFA)– and saturated fatty acid
(SFA)–AMD relationships were also of in-
terest as these nutrients are capable of
modulating inflammation and signal trans-
duction pathways associated with cell vi-
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ability. Although not always attaining statistical signifi-
cance, measures of association for MUFA-AMD
relationships have been in the direction of harm for people
reporting highest vs lowest intake.5,13-15 This is also the
case for total SFA5,13-15,17 and cholesterol intake.5,14,17

In this report, we evaluate the relationship of dietary
lipid intake in the year prior to study enrollment with
the baseline (enrollment) severity of AMD in AREDS. We
examined these associations while considering the effect
of nutrient- and nonnutrient-based predictors and cor-
relates of drusen size and extent and pigment abnormali-
ties associated with AMD, geographic atrophy, and neo-
vascular (NV) AMD. An advantage of this case-control
approach, compared with previous studies, was that it
allowed us to efficiently recruit a large number of per-
sons with advanced AMD.

METHODS

STUDY POPULATION

Details of the AREDS design and methods appear in earlier pub-
lications.8,9,18 In summary, 11 retinal specialty clinics enrolled 4757
participants from 1992 through 1998. Participants were 55 to 80
years of age at enrollment and had best-corrected visual acuity
of 20/32 or better in at least 1 eye. At least 1 eye of each partici-
pant was free from advanced AMD (defined as NV AMD or geo-
graphic atrophy involving the center of the macula) and any eye
disease that could complicate assessment of AMD or lens opac-
ity progression, and that eye could not have had previous ocular
surgery (except cataract surgery). Potential participants were ex-
cluded for illness or disorders that would make long-term fol-
low-up or compliance with the study protocol unlikely or diffi-
cult. Persons aged 55 through 59 years were recruited only if they
had intermediate AMD (AREDS Category 3) or unilateral ad-
vanced AMD (AREDS Category 4).8,18 The present analysis of 4519
persons excludes all 110 persons in this age group, because there
were no age-matched controls for these cases. This analysis also
excludes the 128 persons with bilateral aphakia for whom pre-
surgical refractive error was not available.

STUDY GROUP DEFINITIONS

Persons were recruited for AREDS in 4 AMD categories deter-
mined by the size and extent of drusen in each eye, the presence
of manifestations of advanced AMD, and visual acuity.8 Based on
reading center grading of stereoscopic photographs taken at en-
rollment, participants in this study were divided into 5 groups.
The groups analyzed in this report, numbered in order of increas-
ing severity of drusen or type of AMD, were defined as follows.9

Subjects in group 1 (n=1115) were free of drusen or had non-
extensive small (�63 µm) drusen. Group 1 represented our ref-
erent controls. Subjects in group 2 (n=1060) had at least 1 eye
with 1 or more intermediate (63 µm-124 µm) drusen, extensive
(cumulative area 1⁄12 diameter of AREDS standard disc area) small
drusen, or pigment abnormalities (hyperpigmentation or hypo-
pigmentation) associated with AMD. Subjects in group 3 (n=1568)
had at least 1 eye with 1 or more large (�125 µm) drusen or with
extensive intermediate (65-124 µm) drusen. Subjects in group 4
(n=118) had at least 1 eye with definite geographic atrophy any-
where within 3000 µm of the fovea. Subjects in group 5 (n=658)
had evidence of choroidal neovascularization or retinal pigment
epithelial detachment in 1 eye (nondrusenoid retinal pigment epi-
thelial detachment, serous sensory or hemorrhagic retinal de-
tachment, subretinal hemorrhage, subretinal pigment epithelial

hemorrhage, subretinal fibrosis) or scars of photocoagulation for
AMD. The term neovascular was chosen as a simplified descrip-
tion of subjects in AMD group 5.

RECRUITMENT

Participants were recruited through various sources: medical
records of AREDS clinics; referring physicians; patient lists from
hospitals and health maintenance organizations; screenings at
malls, fairs, senior centers, and other gathering places; public
advertisements (radio, television, newspapers, flyers); and friends
and family of participants and of clinical center staff. The es-
timated percentage of participants by recruitment source for
AMD groups 1 and 2 differed from groups 3, 4, and 5 mainly
for medical records (17% vs 63%), public advertisements (53%
vs 24%), and friends and family of participants (13% vs 7%).18

PROCEDURES

Before study initiation, the protocol was approved by a data and
safety monitoring committee and by the institutional review
board for each clinical center. Informed consent was obtained
from all participants prior to enrollment. Detailed question-
naires were administered to obtain demographic information,
history of smoking and sunlight exposure, medical history, his-
tory of specific prescription drug and nonprescription medi-
cation use, and history of vitamin and mineral use. General
physical and ophthalmic examinations included measure-
ment of height, weight, blood pressure, manifest refraction, best-
corrected visual acuity, intraocular pressure, slitlamp biomi-
croscopy, and ophthalmoscopy. Stereoscopic fundus photographs
of the macula were taken in each clinical center and graded at a
photograph reading center.19

At enrollment, subjects completed a self-administered,
90-item, semiquantitative, food frequency questionnaire (AREDS
FFQ) containing a food list with commonly consumed sources
of zinc and vitamins A, C, and E. The food list also contained
items rich in a variety of other nutrients that have putative as-
sociations with AMD, such as lipids, macular xanthophylls (lu-
tein/zeaxanthin), pro–vitamin A carotenoids, and vitamins and
minerals with antioxidant properties. Subjects were asked how
often, on average, they had consumed each food or beverage
item during the past year. Average frequency of consumption
was recorded across 9 levels that ranged from “never or less
than once per month” to “2 or more per day.” Average serving
size was recorded as “small,” “medium,” or “large,” with re-
spect to standard examples.

The AREDS FFQ was based on the validated 1987 National
Cancer Institute Health Habits and History Questionnaire ver-
sion 2.1, which was modified for use in AREDS with data ob-
tained from 2-day food records sampled from 78 study-
eligible persons selected from the 11 AREDS clinics. The
instrument was validated using a telephone-administered 24-
hour dietary recall at 3- and 6-month postenrollment in 197
randomly selected participants.20 Correlations of 24-hour re-
call data with the AREDS FFQ were corrected for attenuation
with the method of Rosner and Willett.21 Values for correla-
tion coefficients are 0.64 for total SFA, 0.54 for MUFA, 0.45
for cholesterol, 0.36 for linoleic acid (LA), 0.27 for arachi-
donic acid (AA), 0.28 for �-linolenic acid, 0.35 for eicosapen-
taenoic acid (EPA), and 0.32 for docosahexaenoic acid (DHA).

Dietary intake data were processed with DIETSys software
(version 3.0; National Cancer Institute, Information Manage-
ment Services, Inc, Bethesda, Md, and Block Dietary Data Sys-
tems, Berkeley, Calif ) at the Nutrition Coordinating Center,
School of Public Health, University of Minnesota. The DIETSys
system produced daily nutrient intake estimates for each sub-
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ject by first multiplying the average age- and sex-adjusted por-
tion size (derived from National Health and Nutrition Exami-
nation Survey II data) by the subject’s reported serving size. The
NutritionCoordinatingCenterFoodCompositionDatabase (ver-
sion 31, November 2000) was used with the estimated quan-
tity of intake to derive individual nutrient values for each ques-
tionnaire item. Cumulative estimates for each nutrient were
computed by summation of nutrient values across all foods and
items.

STATISTICAL MODELING AND ANALYSES

Each of our 4 AMD groups (groups 2-5) was compared with
the referent control group (group 1). Details of statistical mod-
eling and analysis of nonnutritional risk factors appear in AREDS
Report 3.18 Briefly, demographic factors, medical history, treat-
ment history, and ocular factors associated with AREDS AMD
categories were identified through polychotomous logistic re-
gression analyses. Factors significant at P�.15 in any group were
retained for multivariate modeling. This involved model sim-
plification with the �2 test of change in deviance and goodness-
of-fit diagnostics with the likelihood ratio criterion. Final mod-
els from AREDS Report 3 were the starting point for the

multivariate analyses described in this report. Habitual di-
etary intake of DHA, EPA, total �-3 LCPUFAs, AA, MUFA, SFA,
and cholesterol across the year prior to enrollment are the pri-
mary independent variables in these analyses.

We applied a staged modeling technique in which energy-
adjusted lipid values were first evaluated with age- and sex-
adjusted logistic models and then with the final logistic models
from AREDS Report 3. Single-nutrient and multinutrient mod-
els were constructed. We adjusted nutrient intake values for total
energy intake by computing nutrient densities (nutrient intake/
total energy intake).Weclassifiednutrientdensityvalues intoquin-
tiles with the lowest-intake quintile as the referent exposure cat-
egory and included a term for total energy intake in all models.
When nutrient density scores are modeled as such, the nutrient
density coefficient represents the relation of nutrient composi-
tion with AMD status, independent of energy intake. To explore
relationships between single dietary nutrients and AMD, we used
models with each nutrient and all AREDS AMD group–specific
factors identified in AREDS Report 3 (each AMD group had a
unique set; these are listed in the footnote to Table 1). Single
nutrients associated with AMD at P values �.05 in AREDS Re-
port 3 final models were included in multinutrient models. We
added alcohol intake to final multinutrient models because al-

Table 1. Multivariable Single-Nutrient ORs for AMD by Highest vs Lowest Energy-Adjusted Intake Quintiles of Dietary Lipids*

Nutrient Model

Quintile 5 vs Quintile 1, OR (95% CI)

Group 2
ESD or NEID
(n = 1060)

Group 3
EID or LD
(n = 1568)

Group 4
GA

(n = 118)

Group 5
NV AMD
(n = 658)

�-3 Fatty acids
�-Linolenic acid (18:3 �-3) Age and sex 1.11 (0.85-1.46) 1.11 (0.87-1.43) 1.54 (0.86-2.74) 1.15 (0.84-1.59)

AREDS Report 3 1.11 (0.85-1.46) 1.07 (0.83-1.38) 1.88 (0.77-1.61) 1.05 (0.74-1.47)
Eicosapentaenoic acid (20:5 �-3) Age and sex 1.08 (0.82-1.41) 0.86 (0.67-1.11) 0.81 (0.45-1.48) 0.62 (0.45-0.85)†

AREDS Report 3 1.08 (0.83-1.41) 0.95 (0.73-1.23) 0.88 (0.37-2.09) 0.72 (0.51-1.01)‡
Docosahexaenoic acid(22:6 �-3) Age and sex 0.92 (0.70-1.20) 0.86 (0.67-1.11) 0.81 (0.43-1.51) 0.53 (0.38-0.74)†

AREDS Report 3 0.90 (0.69-1.19) 0.96 (0.74-1.25) 0.99 (0.54-1.80) 0.60 (0.42-0.85)†
Total �-3 LCPUFAs Age and sex 1.06 (0.81-1.38) 0.86 (0.66-1.11) 0.98 (0.53-1.81) 0.56 (0.41-0.77)†

AREDS Report 3 1.05 (0.80-1.37) 0.84 (0.73-1.23) 1.27 (0.50-3.22) 0.63 (0.45-0.89)†
�-6 Fatty acids

Linoleic acid (18:2 �-6) Age and sex 0.97 (0.74-1.27) 0.94 (0.73-1.21) 1.33 (0.70-2.52) 1.14 (0.82-1.58)
AREDS Report 3 0.98 (0.75-1.28) 0.92 (0.71-1.19) 1.55 (0.62-3.87) 1.09 (0.77-1.54)

Arachidonic acid (20:4 �-6) Age and sex 0.86 (0.65-1.13) 1.10 (0.86-1.42) 1.18 (0.65-2.13) 1.29 (0.93-1.79)
AREDS Report 3 0.85 (0.64-1.12) 1.13 (0.87-1.46) 1.11 (0.49-2.53) 1.09 (0.77-1.54)

Monounsaturated fatty acids
Age and sex 0.78 (0.59-1.03) 1.19 (0.92-1.54) 1.82 (0.91-3.64) 2.06 (1.48-2.86)†
AREDS Report 3 0.77 (0.58-1.02) 1.09 (0.84-1.42) 1.34 (0.48-3.79) 1.80 (1.27-2.56)†

Saturated fatty acids
Age and sex 1.01 (0.77-1.34) 1.43 (1.11-1.85)‡ 1.27 (0.65-2.50) 1.89 (1.35-2.64)†
AREDS Report 3 1.00 (0.76-1.32) 1.30 (1.00-1.70) 0.78 (0.29-2.07) 1.56 (1.09-2.23)†

Dietary cholesterol
Age and sex 0.97 (0.74-1.27) 1.38 (1.08-1.77)‡ 1.53 (0.83-2.83) 1.47 (1.07-2.03)†
AREDS Report 3 0.97 (0.74-1.27) 1.34 (1.04-1.72)‡ 1.15 (0.48-2.75) 1.16 (0.82-1.63)

Abbreviations: AMD, age-related macular degeneration; AREDS, Age-Related Eye Disease Study; CI, confidence interval; EID, extensive intermediate drusen;
ESD, extensive small drusen; GA, geographic atrophy; LCPUFA, long-chain polyunsaturated fatty acid; LD, large drusen; NEID, nonextensive intermediate drusen;
NV, neovascular; OR, odds ratio.

*The ORs are comparing each category of AMD with controls for highest vs lowest calorie-adjusted quintile of nutrient intake. All models include terms for total
energy intake (represented as a continuous variable), age (60-65, 66-70, or 71-80 years), and sex. Estimates in models labeled as “AREDS Report 3” are also
controlled for factors identified in AREDS Report 3.18 For group 2, risk factors include angina (present/absent), arthritis (present/absent), and current use of
hydrochlorothiazide (yes/no). For group 3, these factors include education (�12 y, some college, or college degree), refractive error (hyperopia, mixed, or
myopia), race (white/nonwhite), smoking history (ever�6 mo/�6 mo or never), existing hypertension (systolic pressure �160 mm Hg or diastolic pressure
�90 mm Hg or current antihypertensive medication use/absent), arthritis, hydrochlorothiazide, current use of diuretics (yes/no), and lens opacity
(present/absent). For group 4, these factors include education, smoking history, current use of antacids (yes/no), and current use of thyroid hormones (yes/no).
For group 5, these factors include body mass index (calculated as weight in kilograms divided by height in meters squared) (�23.6, 23.7-30.9, or �31.0),
education, refractive error, race, smoking history, existing hypertension, and lens opacity.

†Trend tests on quintile median nutrient values yielded P values �.01.
‡Trend tests on quintile median nutrient values yielded P values �.05.
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cohol may alter lipid metabolism, transport, and bioavailabil-
ity.22,23 We also added lutein/zeaxanthin intake on concep-
tual,24-26 historical,27-29 and statistical grounds, as these dietary
xanthophylls compose macular pigment, are associated with de-
creased likelihood of AMD among people reporting lowest di-
etary intakes, and persist herein in multivariable models. In cases

where we observed differences in odds between highest- and low-
est-nutrient quintiles, we conducted trend tests with quintile me-
dians modeled as a continuous variable. To examine the relation-
ship of �-3 LCPUFA–rich food with AMD, total and types of fish
intake were added to these same models in place of �-3 LCPUFA
nutrient values.

Table 2. Multivariable Multinutrient ORs for NV AMD by Energy-Adjusted Intake of Dietary Lipids*

Nutrient Quintile Median of %TEI NV AMD/No AMD OR (95% CI) P Trend

�-3 Fatty acids
�-Linolenic acid 1 0.43 131/229 1 [Reference] .82

2 0.57 137/220 0.93 (0.67-1.32)
3 0.69 129/226 0.90 (0.64-1.27)
4 0.82 127/229 0.96 (0.68-1.36)
5 1.05 133/211 1.02 (0.72-1.44)

Eicosapentaenoic acid 1 0.000 158/208 1 [Reference] .05
2 0.009 146/212 1.02 (0.74-1.43)
3 0.015 121/228 0.88 (0.62-1.24)
4 0.024 116/231 0.78 (0.55-1.10)
5 0.044 116/236 0.75 (0.52-1.08)

Docosahexaenoic acid 1 0.010 163/198 1 [Reference] .004
2 0.018 135/213 0.85 (0.61-1.20)
3 0.026 120/240 0.65 (0.45-0.93)
4 0.037 131/224 0.75 (0.52-1.08)
5 0.061 108/240 0.54 (0.36-0.80)

Total �-3 LCPUFAs 1 0.013 163/206 1 [Reference] .01
2 0.028 137/207 0.91 (0.65-1.27)
3 0.042 125/239 0.72 (0.51-1.02)
4 0.061 121/226 0.77 (0.54-1.10)
5 0.110 111/237 0.61 (0.41-0.90)

�-6 Fatty acids
Linoleic acid 1 4.54 124/221 1 [Reference] .77

2 6.12 132/223 0.96 (0.68-1.36)
3 7.32 138/235 0.97 (0.69-1.36)
4 8.59 127/209 1.08 (0.76-1.53)
5 10.71 136/227 1.01 (0.71-1.43)

Arachidonic acid 1 0.021 117/215 1 [Reference] .03
2 0.032 127/230 0.99 (0.70-1.41)
3 0.041 134/236 1.20 (0.84-1.73)
4 0.051 127/222 1.23 (0.85-1.79)
5 0.070 152/212 1.54 (1.04-2.29)

Monounsaturated fatty acids .12
1 8.20 103/245 1 [Reference]
2 11.03 115/213 1.13 (0.79-1.62)
3 12.87 134/216 1.13 (0.78-1.62)
4 14.62 133/222 1.06 (0.73-1.53)
5 17.23 172/219 1.38 (0.94-2.02)

Saturated fatty acids .14
1 7.13 108/249 1 [Reference]
2 9.41 112/222 1.06 (0.75-1.52)
3 11.19 126/211 1.14 (0.80-1.63)
4 13.07 160/232 1.39 (0.98-1.97)
5 16.04 151/201 1.36 (0.94-1.97)

Dietary cholesterol .66
1 53.74 117/250 1 [Reference]
2 74.00 118/220 0.98 (0.69-1.38)
3 92.10 116/234 0.88 (0.62-1.24)
4 113.40 153/200 1.28 (0.91-1.80)
5 157.52 152/211 1.14 (0.81-1.60)

Abbreviations: AMD, age-related macular degeneration; AREDS, Age-Related Eye Disease Study; CI, confidence interval; LCPUFA, long-chain polyunsaturated
fatty acid; NV, neovascular; OR, odds ratio; TEI, total energy intake.

*The ORs are comparing each category of NV AMD with controls for calorie-adjusted quintiles of nutrient intake. All models include terms for TEI (represented
as a continuous variable), age (60-65, 66-70, or 71-80 years), and sex. Models also controlled for factors identified in AREDS Report 318 and noncolinear nutrients
independently associated with NV AMD. These included body mass index (calculated as weight in kilograms divided by height in meters squared) (�23.6,
23.7-30.9, or �31.0), education (�12 y, some college, or college degree), refractive error (hyperopia, mixed, or myopia), race (white/nonwhite), smoking history
(ever�6 mo/�6 mo or never), hypertension (present/absent), lens opacity (present/absent), and quintiles of total �-3 LCPUFA (excluding eicosapentaenoic acid
and docosahexaenoic acid models), arachidonic acid, lutein/zeaxanthin, and alcohol intake.
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RESULTS

Table 1 gives odds ratios (ORs) for sex-, age-, and calorie-
adjusted and multivariable analyses of single nutrients
with each AREDS AMD group. Values for AMD out-
comes represent comparisons of the persons within the
highest-intake quintile vs persons within the lowest-
intake quintile. For multivariable models, protective re-
lationships with NV AMD were observed for DHA (OR,
0.60; 95% confidence interval [CI], 0.42-0.85) and total
�-3 LCPUFAs (OR, 0.63; 95% CI, 0.45-0.89). Odds of
NV AMD were increased in the highest-intake group for
MUFA (OR, 1.80; 95% CI, 1.27-2.56) and SFAs (OR, 1.56;
95% CI, 1.09-2.23). The relationship of supplement years
with AMD was negligible (data not shown) for all vita-
mins and minerals and was therefore not considered in
subsequent models. Because the only multivariable lipid-
AMD relationship observed outside of the NV AMD group
was an increased likelihood of group 3 with increased
cholesterol intake (OR, 1.34; 95% CI, 1.04-1.72), the re-
maining sections of this report will present multinutri-
ent models for the NV AMD group only.

Table2 gives ORs for NV AMD by quintiles of lipid in-
take;modelscontaintermsforallnutritionalfactorsthatwere
statisticallyassociatedbothwithNVAMDandfactors from
AREDS Report 3. Nutritional factors included total energy
intake, DHA, AA, lutein/zeaxanthin, and alcohol. Factors
fromAREDSReport3includedage,race,sex,education,body
mass index, refractiveerror, smokinghistory,hypertension,
and lensopacity.Docosahexaenoicacid(OR,0.54;95%CI,
0.36-0.80;P trend=.004)andtotal�-3LCPUFA(OR,0.61;
95% CI, 0.41-0.90; P trend=.01) intake persisted as inde-
pendent factors in these models. Magnitude and precision
of theORsforDHAandtotal�-3LCPUFAswerenotaltered
appreciablycomparedwithmultivariablesingle-nutrientmod-
els. Odds of NV AMD were significantly increased among
participants classified in the highest quintile of AA intake
(OR, 1.54; 95% CI, 1.04-2.29; P trend=.03). In these mul-
tinutrient models, neither ORs nor trends for NV AMD at-
tainedstatisticalsignificancefor intakeofMUFA,totalSFAs,
or cholesterol. As such, final models did not include terms
for these factors (P�.10 for all comparisons).

Table 3 gives ORs for multivariable relationships of
NV AMD with reported intake of �-3 LCPUFA–rich foods.

Table 3. Multivariable Multinutrient ORs for NV AMD by Frequency of Consumption for Foods Rich in �-3 LCPUFAs*

Fish Intake (Medium Serving†)

AMD Group, No. (%)

OR (95% CI) P TrendNV AMD (n = 657) No AMD (n = 1115)

Total fish .01
�1 medium serving/mo 47 (12) 51 (5) 1 [Reference]
1-3 medium serving/mo 163 (25) 218 (20) 0.83 (0.50-1.40)
1 medium serving/wk 13 (2) 22 (2) 0.76 (0.32-1.84)
�1-2 medium servings/wk 202 (31) 343 (31) 0.75 (0.46-1.23)
�2 medium servings/wk 232 (35) 481 (43) 0.61 (0.37-1.00)

Tuna or tuna casserole .06
�1 medium serving/mo 215 (33) 293 (27) 1 [Reference]
1-3 medium serving/mo 293 (45) 511 (46) 0.83 (0.64-1.08)
1 medium serving/wk 69 (11) 134 (12) 0.83 (0.57-1.22)
�1 medium serving/wk 80 (12) 177 (16) 0.72 (0.50-1.04)

Baked or broiled fish .02
�1 medium serving/mo 203 (31) 260 (23) 1 [Reference]
1-3 medium serving/mo 277 (42) 459 (41) 0.85 (0.65-1.11)
1 medium serving/wk 84 (13) 172 (15) 0.78 (0.54-1.13)
�1 medium serving/wk 93 (14) 224 (20) 0.65 (0.45-0.93)

Fried fish .56
�1 medium serving/mo 338 (51) 598 (54) 1 [Reference]
1-3 medium serving/mo 205 (31) 369 (33) 0.94 (0.74-1.21)
1 medium serving/wk 64 (10) 79 (7) 1.54 (1.02-2.33)
�1 medium serving/wk 50 (8) 69 (7) 1.19 (0.75-1.89)

Oysters .18
�1 medium serving/mo 612 (93) 1026 (92) 1 [Reference]
1-3 medium serving/mo 40 (6) 81 (7) 0.76 (0.48-1.20)
1 medium serving/wk 3 (0) 2 (0) 2.38 (0.36-15.89)
�1 medium serving/wk 2 (0) 6 (0) 0.30 (0.05-1.69)

Other shellfish .08
�1 medium serving/mo 395 (60) 596 (54) 1 [Reference]
1-3 medium serving/mo 229 (35) 429 (38) 0.85 (0.67-1.07)
1 medium serving/wk 10 (2) 25 (2) 0.58 (0.26-1.31)
�1 medium serving/wk 23 (3) 65 (6) 0.70 (0.40-1.22)

Abbreviations: AMD, age-related macular degeneration; CI, confidence interval; LCPUFA, long-chain polyunsaturated fatty acid; NV, neovascular; OR, odds ratio.
*The ORs are comparing each category of NV AMD with controls for levels of fin fish and shellfish intake. Point estimates and CIs are adjusted for factors

discussed in the footnote to Table 2; in Table 3, model levels of marine product consumption were entered in place of �-3 LCPUFA nutrient variables
(eicosapentaenoic acid, docosahexaenoic acid, and total �-3 LCPUFAs).

†A medium serving for all fin fish and total fish is approximately 4 oz (about 115 g). A medium serving size for shellfish is approximately 3 oz (about 85 g).
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Based on results from the FFQ, intake of fish and shell-
fish contributed 93% of EPA and 71% of DHA intake.
Odds ratios are relative to participants who reported con-
sumption of a medium-size portion of the particular type
of fish or shellfish less than 1 time per month in the year
prior to AREDS enrollment. After controlling for caloric
intake and covariates discussed in the preceding sec-
tion, total fish intake of more than 2 medium servings
per week was associated with lower odds of NV AMD (OR,
0.61; 95% CI, 0.37-1.00). Participants who consumed 4
oz of broiled/baked fish more than 1 time per week were
also less likely to have a diagnosis of NV AMD (OR, 0.65;
95% CI, 0.45-0.93). Results were similar for tuna in-
take, although they did not attain statistical signifi-
cance. The magnitude of ORs for these relationships was
similar to that observed for �-3 LCPUFAs.

Table 4 contains results of our final models for EPA
and DHA run within upper (quintiles 4 and 5) and lower
strata (quintiles 1 and 2) of AA. Arachidonic acid (C20:
4�-6) is a major LCPUFA of the �-6 family. Major sources
of AA in the diets of AREDS participants were beef and
pork (32%), turkey and chicken (25%), eggs (20%), and
fish (11%). Among participants reporting lower levels of
AA intake, there was a significant trend for increased risk
of NV AMD with decreasing DHA.

COMMENT

This report extends the findings of AREDS Report 3 to in-
clude lipid- and �-3 LCPUFA–rich food-based factors.
Higher levels of total �-3 LCPUFA and �-3 LCPUFA–rich
food intake were associated with a lower likelihood of NV

AMD after statistical control for nutrient- and nonnutrient-
based predictors and correlates. Participants with re-
ported �-3 LCPUFA intake in the highest quintile were 40%
less likely to be in the NV AMD group than participants
with reported intake in the lowest quintile. Of �-3
LCPUFAs, the strongest effects were observed for DHA in-
take. Trends of decreasing odds with increasing nutrient
intake existed for EPA, DHA, and total �-3 LCPUFAs. Rela-
tive to participants consuming less than 1 medium serv-
ing of broiled or baked fish per month, the magnitude and
precision of the OR for �-3 LCPUFA–rich food intake of
1 or more 4-oz servings of this food per week were similar
to those for total �-3 LCPUFA. Participants with reported
intake in the highest quintile for AA, an �-6 LCPUFA, were
1.5 times more likely to be in the NV AMD group than par-
ticipants with intake in the lowest quintile. We found no
associations of other lipid intake with NV AMD when es-
sential fatty acids (�-linolenic acid and LA) and MUFA, SFA,
and cholesterol intake were modeled as primary indepen-
dent variables and adjusted for DHA, AA, alcohol, lutein/
zeaxanthin, and the set of AMD group-specific covariates
from AREDS Report 3.

INTERPRETATION OF FINDINGS IN THE
CONTEXT OF THE EVIDENCE BASE

Our study results are concordant with those in the extant
literature for sight-threatening forms of AMD; ORs for com-
parisons of high vs low �-3 LCPUFA and fish intake have
been in the direction of benefit. The magnitude of effect
for �-3 LCPUFA–NV AMD ORs that we observed is also
in the range of those reported previously. The Dietary An-

Table 4. Multivariable Multinutrient ORs of Eicosapentaenoic and Docosahexaenoic Acids for NV AMD by Quintiles
of Arachidonic Acid Intake*

Nutrient Quintile Median of %TEI NV AMD/No AMD OR (95% CI) P Trend

Arachidonic acid quintiles 1 and 2
Eicosapentaenoic acid 1 0.002 84/122 1 [Reference] .06

2 0.010 76/104 1.17 (0.74-1.86)
3 0.017 38/84 0.87 (0.51-1.49)
4 0.027 32/90 0.70 (0.40-1.22)
5 0.054 14/45 0.58 (0.28-1.23)

Docosahexaenoic acid 1 0.010 112/151 1 [Reference] .02
2 0.020 67/108 1.09 (0.70-1.70)
3 0.029 33/87 0.66 (0.39-1.11)
4 0.040 24/65 0.66 (0.36-1.22)
5 0.073 8/34 0.46 (0.30-1.14)

Arachidonic acid quintiles 4 and 5
Eicosapentaenoic acid 1 0.000 42/51 1 [Reference] .50

2 0.011 49/75 1.05 (0.56-1.96)
3 0.018 56/83 1.11 (0.60-2.03)
4 0.027 57/90 0.93 (0.51-1.70)
5 0.049 75/135 0.89 (0.50-1.61)

Docosahexaenoic acid 1 0.013 19/22 1 [Reference] .20
2 0.021 40/60 1.00 (0.44-2.30)
3 0.030 65/92 1.12 (0.51-2.45)
4 0.042 77/110 1.07 (0.50-2.28)
5 0.078 78/150 0.78 (0.36-1.66)

Abbreviations: AMD, age-related macular degeneration; CI, confidence interval; NV, neovascular; OR, odds ratio.
*The ORs are comparing each category of NV AMD with controls for calorie-adjusted quintiles of nutrient intake by levels of arachidonic acid intake. Point

estimates and CIs are adjusted for factors for group 5 discussed in the footnote to Table 2.
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cillary Study of the Eye Disease Case Control Study re-
searchers describe a trend for decreasing odds of ad-
vanced (exudative) AMD among subjects reporting highest
�-3 LCPUFA and fish intake.13 We did not observe a re-
lationship of DHA intake with geographic atrophy. In the
Progression of Age-Related Macular Degeneration Study,
the only published prospective study to our knowledge ex-
amining the relationship of lipid intake with progression
to advanced AMD (defined as NV AMD or geographic at-
rophy), people reporting fish intake at frequencies of 2 or
more times per week had a lower likelihood of progres-
sion to advanced AMD (P�.05) if they also reported lower
levels of LA intake.15 The likelihood of having any AMD
(with visual loss of 20/30 or worse in at least 1 eye) was
reduced among people reporting highest DHA, tuna, and
total fish intakewithinaprospective sample fromtheNurses’
Health Study and the Health Professionals Follow-up
Study.14 When modeled simultaneously with intake of other
dietary lipids, �-3 LCPUFA–AMD relationships did not re-
main statistically significant, although they were in the di-
rection of benefit (risk ratios for highest vs lowest of DHA
and EPA intake were 0.8; 95% CI 0.5-1.1).14

Three population-based studies examined the rela-
tionship of fish intake with “late” (NV or atrophic) AMD
as classified by the Wisconsin Age-Related Maculopa-
thy Grading System.30,31 Each of these studies had fewer
than 55 cases of late AMD; however, although not sta-
tistically significant, ORs were in the direction of ben-
efit. Our results were also within the range of those from
other studies for MUFA5,6,13-15 and SFA5,6,13-15,17 intake.

INTAKE-STATUS-FUNCTION RELATIONSHIPS

Docosahexaenoic acid, EPA, and AA are major dietary
LCPUFAs; DHA and AA are major structural LCPUFAs
of retinal photoreceptor outer segments and vascular tis-
sue.32-34 The amount of DHA in retinal tissue35,36 and
plasma37 is modifiable by and dependent on dietary in-
take. Long-chain polyunsaturated fatty acids may be ob-
tained through diet or biosynthesized from essential fatty
acids. �-Linoleic acid (18:3�-3) is the essential fatty acid
precursor to the �-3 LCPUFAs and LA (18:2�-6) is the
precursor to �-6 LCPUFAs. Intake levels of neither pre-
cursor attained statistical significance when modeled as
the single nutrient in the final calorie-adjusted multi-
variable model for NV AMD.

While our models simultaneously controlling for �-3
and �-6 LCPUFAs yielded significant results, it is im-
portant to consider the potential for effect modification
within levels of these nutritional variables, as they act as
substrates in the same biochemical pathways for pro-
duction of potent lipid mediators. Two studies suggest
an effect modification of fish/�-3 LCPUFA intake with
LA intake in advanced AMD; both reported that the ORs
for these factors were in the direction of benefit among
subjects reporting lowest levels of LA intake.13,15 In our
analyses, a direction of benefit was seen for DHA with
NV AMD among AREDS subjects in the highest levels
(fourth and fifth quintiles) of LA (OR, 0.31; 95% CI, 0.11-
0.97). However, evaluation of effect modification by an-
other �-6 fatty acid, AA, did yield a trend for a benefit
among subjects in the lower level of AA intake (Table 4).

PUTATIVE MECHANISMS

Long-chain polyunsaturated fatty acids are effected by
and influence processes implicated in the pathogenesis
of vascular and neural retinal diseases.10 Docosahexa-
enoic acid and EPA may serve as protective agents in the
retina because of their influence on gene expression,38-41

retinal cell differentiation,42-44 and survival.42-46 Free
LCPUFAs, liberated when phospholipase A2 hydro-
lyzes DHA and AA from their primary storage forms in
retinal tissue, are the precursors and substrates to fami-
lies of bioactive molecules (eicosanoids,47-51 endocan-
nabinoids,52,53 and LCPUFA-based autocoids11,54) that act
as potent regulators of retinal vascular function, cell sur-
vival, inflammation, and energy balance. Long-chain poly-
unsaturated fatty acids also affect factors and processes
driving key events in the angiogenic cascade.10,13 Doco-
sahexaenoic acid may also be involved in rhodopsin re-
generation55 and work in signaling cascades to enhance
activation of membrane-bound retinal proteins.12,56-58

CAVEATS

There are inherent limitations in the nature of this case-
control sampling design. However, we believe a number
of factors increase the strength of our inferences. The
AREDS sample contains a large number of participants
with NV AMD and dietary intake data. All data were col-
lected with a standardized protocol by centrally trained
staff. Trained graders at a reading center ascertained the
AMD phenotype based on fundus photographs using a
standardized grading system.

The potential for erroneous selection of nonnutrient-
based variables is discussed in AREDS Report 3.18 Be-
cause all nonnutritional factors associated with NV AMD
have been reported in previously published studies, we
applied the simplifying assumption that we were un-
likely to model factors identified through spurious rela-
tionships. However, the possibility of a consistent bias
across studies cannot be excluded.

The sampling scheme for our clinic-based case-
control design may have increased the probability of ex-
posure misclassification among subjects. The Eye Dis-
ease Case Control Study13 researchers restricted their
analysis exclusively to newly diagnosed AMD cases and
found results similar to our own. Exposure misclassifi-
cation may have occurred if (1) the accuracy of dietary
recall varied between participants with eye disease and
those in the comparison group (groups were defined on
the basis of eye disease and this may have influenced clas-
sification of exposure) or (2) some participants with se-
vere eye disease altered their diets in the years immedi-
ately prior to enrollment to conform to “healthy diet”
recommendations. We would expect these conditions to
modify our results toward no association.

The possible effect of selection bias also needs to be
considered. Participants in AREDS classified with no AMD
or lower severity of AMD (groups 1 and 2) were more
likely than members of groups 3, 4, and 5 to volunteer
in response to public advertisements. These people were
also more likely to be enrolled in the study through fa-
milial association with participants in groups 3 and 4.
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As such, there were baseline group differences in the dis-
tributions of some demographic, behavioral, and medi-
cal factors previously associated with AMD. Our multi-
variable models included many of these potential
confounders, but if this sampling scheme yielded imbal-
ances in unknown and therefore unmeasured (behav-
ioral and lifestyle) factors associated with diet and AMD,
our findings could have been biased.

Nutrient intake values may partially reflect a more gen-
eral lifestyle or socioeconomic-demographic construct as-
sociated with NV AMD. As such, we performed a num-
ber of analyses to evaluate the potential for effect
modification. The strongest and most consistent factors
associated with sight-threatening AMD (age and smok-
ing) were not associated with �-3 LCPUFA intake. Par-
ticipants with a college education were almost twice as
likely to be in a higher quintile of DHA intake than people
with 12 or fewer years of education after adjusting for
AREDS Report 3 factors (OR, 1.8; 95% CI, 1.6-2.1). While
sample-restricted analyses compromised power of the sta-
tistical test, we observed no changes in the direction of
previously observed lipid-AMD relationships when data
were analyzed within each stratum. Observations were
similar for other factors (eg, strata of race and body mass
index).

Adding LCPUFAs, lutein/zeaxanthin, and alcohol to
the model for NV AMD had a negligible effect on the mag-
nitude and precision of ORs for factors from AREDS Re-
port 3 that were associated with NV AMD (age, educa-
tion, refractive error, race, smoking, and hypertension).
Body mass index and lens opacity did not persist as sta-
tistically significant risk factors, although point esti-
mates were changed only minimally. To evaluate the po-
tential confounding impact of nutrient-nutrient
relationships, we obtained partial correlation coeffi-
cients from linear regressions of log-transformed nutri-
ent scores for all nutrients on each nutrient. The partial
correlation coefficient allowed us to quantify the mag-
nitude of relationships and also to determine the poten-
tial for colinearity. After controlling for all measured nu-
trients that varied independently with �-3 LCPUFA
intake, only EPA and DHA contributed more than 5% to
variance in �-3 LCPUFAs; these results indicate that the
estimate of �-3 LCPUFA intake is likely to reflect actual
�-3 LCPUFA intake. We believe that it is unlikely that
EPA and DHA are markers for other nutrients.

CONCLUSIONS

This AREDS report provides evidence that people re-
porting highest levels of �-3 LCPUFA intake have a de-
creased likelihood of having NV AMD relative to people
reporting lowest levels of intake. Because increased in-
take of AA is also associated with an increased likeli-
hood of having NV AMD, it is important to consider the
balance and composition of dietary LCPUFAs from the
�-3 and �-6 families. These results and those from other
observational analytic investigations13 suggest that modi-
fying diet to include more foods rich in �-3 LCPUFAs
could result in a reduction in the risk of having NV AMD.
In addition to carefully designed observational analytic

designs, clinical trials would provide unique informa-
tion on whether dietary intervention or supplementa-
tion with �-3 LCPUFAs may help prevent the develop-
ment of advanced AMD.
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