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Objective: To evaluate the relationships between the
amount and type of dietary fat and intermediate agerelated macular degeneration (AMD).
Design: Women aged 50 to 79 years with high and low
lutein intake from 3 sites of the Women’s Health Initiative Observational Study were recruited into the Carotenoids in Age-Related Eye Disease Study. Fat intake from
1994 through 1998 was estimated using food frequency
questionnaires, and AMD was assessed photographically from 2001 through 2004.
Results: Intakes of -6 and -3 polyunsaturated fatty ac-

ids, which were highly correlated (r=0.8), were associated with approximately 2-fold higher prevalence of intermediate AMD in high vs low quintiles. However,
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monounsaturated fatty acid intake was associated with
lower prevalence. Age interactions were often observed.
In women younger than 75 years (n=1325), total fat and
saturated fatty acid intakes were associated with increased prevalence of AMD (multivariate adjusted odds
ratios [95% confidence interval] for intermediate AMD,
1.7 [1.0-2.7] for quintile 5 vs quintile 1 for total fat [P=.10
for trend] and 1.6 [0.7-3.6] for saturated fatty acids [P=.23
for trend]). The associations were reversed in older women.
Conclusions: These results support a growing body of evidence suggesting that diets high in several types of fat may
contribute to the risk of intermediate AMD and that diets
high in monounsaturated fatty acids may be protective.
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A

GE-RELATED MACULAR DEgeneration (AMD) is the
third leading cause of
blindness worldwide1 and
the leading cause of legal
blindness in the United States, where 8%
of people older than 65 years have intermediate AMD and 12% of people older
than 80 years have advanced AMD.2 With
increasing longevity, and with the projected doubling of the population 65 years
or older by 2020, advanced AMD is expected to increase in prevalence by 50%.3
For this reason, it is important to identify
modifiable aspects of lifestyle that can
lower the impact of this condition.
Although genetics appears to explain
a large proportion of the variability in
risk,4,5 epidemiological studies consistently suggest the influence of smoking6
(or associated lifestyles) and cardiovascular disease or its risk factors.7,8 Dietary factors that lower oxidative stress and/or in-
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flammation also are sometimes related to
AMD.4,9,10 Results of the Age-Related Eye
Disease Study (AREDS) demonstrated that
the use of high-dose antioxidant and zinc
supplements reduced progression of intermediate to late AMD,11 although not
necessarily in people with certain known
genetic risk factors.12 There is a need to
better understand modifiable dietary risk
factors, particularly for earlier stages of
AMD.
Previous epidemiological studies generally indicate a higher prevalence or progression of AMD among people with diets
high in total fat,13-18 although associations
are not always statistically significant. However, the associations with individual types
of fats have been less consistent, with the
exception of long-chain -3 polyunsaturated fatty acid (PUFA) or fish intake, which
was generally related to decreased risk of
AMD.14-16,18-23 Previous studies13-16,18,20,22 that
examined the associations of saturated fatty
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acid (SFA), PUFA, and monounsaturated fatty acid
(MUFA) intakes with AMD observed an increased risk
(not always statistically significant) for the highest vs lowest levels of intake of these fats. Although all previous
studies addressed advanced AMD, few studies13,16,17,20
addressed earlier stages that were detectable photographically, and in only 1 of these studies20 was diet assessed
before photographic ascertainment of AMD.
We investigated the amount and specific type of
dietary fat intake in relation to the prevalence of photographically determined intermediate AMD in the
Carotenoids in Age-Related Eye Disease Study
(CAREDS), in which estimates of diet were available 4
to 7 years before AMD ascertainment and lifetime histories of suspected and known AMD risk factors were
available.
METHODS

THE CAREDS POPULATION
As an ancillary study of the Women’s Health Initiative Observational Study (WHI-OS),24 CAREDS recruited women at 3 of
40 nationwide study sites: the University of Wisconsin, Madison; The University of Iowa, Iowa City; and the Kaiser Permanente Center for Health Research in collaboration with Oregon Health and Science University, Portland. The sample has
been described previously.25 Briefly, women from WHI-OS at
the 3 study sites were invited to participate in CAREDS if their
dietary intake of lutein plus zeaxanthin was above the 78th percentile or below the 28th percentile, as recorded on the WHI-OS
baseline (1994-1998) food frequency questionnaire (N=3143
women), to study the impact of these dietary carotenoids on
AMD.25 Of the 3143 women, 93 died or were lost to follow-up
between selection in 2000 and enrollment in CAREDS from 2001
through 2004. In addition, 1045 women declined participation and 2005 women were enrolled in CAREDS. Of the 2005
enrolled, 1894 participated in study visits, and gradable fundus photographs were available for 1853 participants; an additional 4 participants who had a physician-confirmed diagnosis of AMD were added to the analyses data set. Of these 1857
women, 70 were excluded from the analysis data set because
of missing covariate data. Thus, there were 1787 women in the
final analysis data set.
CAREDS participants are comparable to women in the larger
WHI-OS cohort in the distribution of age, education, income,
employment, and most potential risk factors (blood pressure,
body mass index, high cholesterol levels, diabetes mellitus, history of cancer, smoking, alcohol intake, and physical activity). However, the fat intake (as a percentage of energy) was
significantly lower in CAREDS participants (with a median intake of 31% vs 37% for the overall WHI-OS cohort).
Differences between those included and excluded in the
analyses were evaluated to assess potential biases that may
have arisen from nonparticipation of the excluded individuals. Briefly, the 1787 women included in the final data set
had rates of self-reported AMD at the WHI 3-year follow-up
in 1997 through 2000 that were similar to those of the 1356
women excluded from our analysis data set (4% vs 5%).
Women included in the final analysis data set were younger
(median age, 63 vs 65 years; P⬍.001), had more than a high
school education (77% vs 69%; P ⬍ .001), and had a lower
median intake of total fat (31% vs 32% of energy; P ⬍ .001)
and a higher median intake of zinc (10 vs 8 mg/d) than the
women excluded.

DATA COLLECTION
Diet and Other Covariate Data
The 122-item semiquantitative WHI food frequency questionnaire26 was administered at entry into the WHI study (19941998). Participants were queried on the types of fats added to
foods and food preparation techniques. The correlation coefficient between fat intake (percentage of energy) estimated using
this questionnaire and using 8 days of records/recalls was 0.62.26
The CAREDS participants completed additional mailed food
frequency questionnaires in 2001 through 2004 on their diets
in the recent (2001-2004) and long-term (1986-1988) past to
use in exploratory analyses of stable diets over time. Responses to all food frequency questionnaires were used by the
Fred Hutchinson Cancer Research Center, Seattle, Washington, to compute nutrient estimates using their nutrient database, which was designed using the Minnesota Nutrient Data
System, version 2.6 (Nutrition Coordinating Center Food and
Nutrient Database, Minneapolis, Minnesota). Data regarding
other risk and protective factors for AMD25 were collected at
WHI baseline visits (smoking, physical activity, height, weight,
use of hormone therapy, alcohol, and history of chronic diseases) or collected at CAREDS study visits (history of sunlight
exposure, updated histories of diabetes mellitus and supplement use, iris color, and family history of AMD).

Ascertainment of AMD and Definitions
of AMD End Points
Stereoscopic fundus photographs were obtained during the
CAREDS baseline study visits in 2001 through 2004 and graded
for AMD at the University of Wisconsin Fundus Reading Center using slight modifications of the protocols established in
the Age-Related Eye Disease Study (AREDS)27 as previously described.25 Overall intermediate AMD was the primary end point
and was defined (similar to the definition used in AREDS) as
the presence of extensive drusen (AREDS stage 3) but also included the presence of pigmentary abnormalities with at least
63 µm of drusen. There were too few cases of advanced AMD
(those with exudative/neovascular macular degeneration and/or
geographic atrophy) (n=34) to describe associations with fat
intake reliably. The nondiseased referent group included women
without intermediate or advanced AMD.

STATISTICAL ANALYSES
Fat intake evaluated at the WHI baseline visit (1994-1998),
which was about 4 to 7 years before AMD ascertainment, was
used in all statistical analyses. Intakes of total dietary fat, -6
PUFA, SFA, and MUFA (expressed as a percentage of energy)
and intake of long-chain, short-chain, and total -3 PUFAs (expressed as a nutrient density in milligrams per 1000 kilocalories) were divided into quintiles. Odds ratios (ORs) and 95%
confidence intervals (CIs) for AMD, adjusted only for age, were
first computed for overall intermediate AMD, large drusen, and
pigmentary abnormalities using logistic regression, by quintile of dietary fat intake (amount and type). Quintile 1 constituted the reference group. P values for trend were calculated
using quintile medians of fat intake. We tested medical, lifestyle, ocular, and dietary factors as potential confounders by
entering these additional variables singly into the regression
models. If the addition of the variable singly in the model
changed the OR for intermediate AMD by 10% or more, the
variable was added to the final regression model. (The use of a
criterion of inclusion of changing the OR by ⱖ5% did not alter the observations [data not shown].) The variables tested as
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potential confounders included age (in years); cigarette smoking history (in 3 categories of pack-years smoked: 0, ⬎0 to ⬍7,
and ⱖ7 pack-years); alcohol consumption (in grams per day);
body mass index (calculated as weight in kilograms divided by
height in meters squared); hormone therapy (never, past, or
current); current physical activity (in metabolic equivalents per
day); use of high-dose antioxidant supplements for less than 5
years vs 5 or more years; self-reported presence or absence of
hypertension, cardiovascular disease, and diabetes mellitus; family history of AMD (having ⱖ1 first-degree relative diagnosed
as having AMD when ⬎55 years); and iris color (blue vs other).
We also tested the impact of adjusting for intake of the following dietary attributes: lutein plus zeaxanthin (in micrograms
per day); vitamin C (in milligrams per day); vitamin A (in micrograms per day); vitamin E (in milligrams per day); vitamin
D (in micrograms per day); energy (in kilocalories per day);
protein (as a percentage of total energy); carbohydrates (as a
percentage of total energy); beta carotene (in micrograms per
day); and zinc (in milligrams per day).
In a combined model, we further tested associations by including the following statistically significant risk factors for any
type of AMD in this sample: pack-years smoked (0, ⬎0 to ⬍7,
and ⱖ7 pack-years), history of diabetes mellitus (yes or no),
family history of AMD (yes or no, having ⱖ1 immediate family member with suspected AMD), blue iris color (yes or no),
history of cardiovascular disease (yes or no), and postmenopausal hormone therapy use (never, past, or current). However, additional adjustment for these risk factors combined did
not change the ORs. Final models were adjusted for the lutein
intake group variable to control for the unique participant selection strategy because the CAREDS sample was selected only
from the WHI-OS parent population of participants with high
and low intakes of lutein.
We tested for potential interactions (considered significant for the purpose of these analyses at ␣ ⱕ .10) to explore
whether the associations between total and specific types of fat
intake and intermediate AMD differed by age and by variables
that might reflect susceptibility to AMD, that is, personal history of cardiovascular disease and family history of AMD. Furthermore, in exploratory analyses, we restricted analyses to a
subgroup of women who had stable fat intakes from the 19861988 to the 1994-1998 examinations to ascertain whether the
associations were consistent with the analyses performed for
the diets assessed at the WHI baseline. Women were classified
as having stable fat diets if their quintile ranking for total or
specific type of fat intake at the WHI baseline differed by no
more than 1 quintile from their ranking for total or specific fat
intake at 6 to 7 years previously.
In addition, to further interpret associations of dietary fats
with AMD, we computed ORs for intermediate AMD by intakes
of food sources of fats—that is, foods that were top contributors
to the total dietary fat or a specific type of dietary fat—in this
sample. We also evaluated the relationship between AMD and
the intakes of fish and nuts, foods that have been suggested to
confer protection in other samples. For these analyses, the number of monthly servings of each food group was divided into tertiles. All analyses were conducted using SAS statistical software, version 9.1 (SAS Institute, Inc; Cary, North Carolina).
RESULTS

We evaluated the distribution of risk factors for AMD and
other participant characteristics by quintiles of total fat
and specific type of dietary fat intakes. These data are summarized in Table 1 for quintiles 1 and 5 of intakes of
total fat and -6 and -3 PUFAs. (Data are not pre-

sented separately for SFA and MUFA because the characteristics were very similar to those for total fat intake.) The associations presented in Table 1 are also similar
when analyzed separately for women younger than 75
years (data not shown). Higher intakes of these and total
fats were associated with higher body mass index, rates
of hypertension and diabetes mellitus, and intakes of energy and vitamin E, but lower intakes of lutein plus zeaxanthin, vitamins C and D, and zinc.
We next evaluated the interrelationships of total and specific types of fats. Total fat intake was positively and significantly correlated with intakes of SFA (r=0.90), MUFA
(r=0.97), -6 PUFA (r=0.75), and -3 PUFA (r=0.70).
Similarly, intakes of all of the specific types of fats were positively and significantly correlated with each other (data not
shown). Briefly, -6 PUFA intake was most correlated with
-3 PUFA intake (r=0.8) and least with SFA intake (r=0.4);
MUFA intake was most correlated with SFA intake (r=0.8)
and least with -3 PUFA intake (r=0.6).
OVERALL INTERMEDIATE AMD
Total Dietary Fat
Age-adjusted ORs for intermediate AMD did not differ
among women across the different levels of total fat intake in the overall population (Table 2). The ORs for the
specific end points of extensive drusen and pigmentary abnormalities were generally consistent with those observed
for overall intermediate AMD (data not shown). Because
we noted significant age interactions (P=.02), the associations were evaluated separately in women younger than 75
years and those 75 years or older. In women younger than
75 years, those in the highest quintile of total dietary fat
intake had 70% higher odds for overall intermediate AMD
compared with those in the lowest quintile, although the
linear trend was only marginally significant across all quintiles (P=.10). In contrast, women 75 years or older in the
highest quintile for total dietary fat intake had about 50%
lower odds for overall intermediate AMD compared with
those in the lowest quintile (P=.02 for trend).
Types of Dietary Fats
Saturated Fatty Acids. In the overall sample that included women of all ages, the age-adjusted OR (95% CI)
for overall intermediate AMD among women in high vs
low quintiles was 1.7 (1.0-2.7). A significant interaction
(P = .01) between SFA and age (as a continuous variable) was observed. Higher SFA intake was associated with
a higher prevalence of overall intermediate AMD in
women younger than 75 years (Table 2) but not in women
75 years or older (multivariate OR [95%CI] in quintile
5 vs quintile 1, 0.9 [0.3-2.6]).
Monounsaturated Fatty Acids. In women of all ages, the
age-adjusted OR for overall intermediate AMD did not
differ among women across quintiles of MUFA intake (OR
[95% CI] in quintile 5 vs quintile 1, 1.0 [0.7-1.5]; P=.87
for trend). However, after adjusting for the -6 PUFA,
SFA, and lutein intake groups, MUFA intake was associated with a significantly decreased risk of overall in-
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Table 1. Characteristics of 1787 CAREDS Participants in Quintile 5 vs Quintile 1 of Intakes of Total and Specific Types of Fat
at WHI Baseline, 1994-1998 a
-6 PUFAs

Total Fat
Characteristic
Demographics
White, %
Education completed, %
High school
College
Graduate school
Age, mean (SE), y b,c
Intake from foods, mean (SE) b
Energy, kcal/d
Total fat, % kcal
PUFA, % kcal
SFA, % kcal
MUFA, % kcal
Lutein ⫹ zeaxanthin, µg/d
Vitamin C, mg/d
Vitamin E, mg/d
Vitamin D, µg/d
Zinc, mg/d
Lifestyle
Pack-years ⱖ7, % of smokers c
Physical activity, mean (SE),
MET/wk b
High-dose antioxidant users, % c,d
Medical history
BMI, mean (SE) b
Cardiovascular disease, %
Hypertension, %
Diabetes mellitus, %
Family history of AMD, % c
Ocular outcomes, % c
Intermediate AMD
Large drusen
Pigmentary abnormalities

-3 PUFAs

Quintile 1

Quintile 5

P Value

Quintile1

Quintile 5

P Value

Quintile 1

Quintile 5

P Value

97

98

.46

96

97

.24

97

96

.06

15
48
37
70 (0.37)

34
51
15
69 (0.36)

⬍.001

1552 (34)
20 (0.14)
4 (0.08)
7 (0.10)
7 (0.07)
3032 (85)
152 (3.3)
8 (0.23)
6 (0.20)
11 (0.28)

1682 (33)
44 (0.14)
9 (0.08)
15 (0.09)
16 (0.07)
1526 (84)
74 (3.2)
9 (0.23)
5 (0.20)
10 (0.28)

20
21 (0.77)

21
9 (0.76)

12

6

26 (0.31)
22
21
1
16

29 (0.30)
25
34
6
17

18
16
9

19
17
11

16
48
36
70 (0.36)

31
46
23
69 (0.36)

⬍.001

.009
⬍.001
⬍.001
⬍.001
⬍.001
⬍.001
⬍.001
⬍.001
.004
.001

1549 (33)
23 (0.31)
4 (0.05)
9 (0.17)
8 (0.13)
2566 (88)
140 (3.4)
7 (0.23)
6 (0.19)
11.5 (0.27)

1628 (33)
41 (0.31)
10 (0.05)
13 (0.17)
15 (0.13)
1886 (87)
89 (3.4)
9 (0.23)
5 (0.19)
10 (0.27)

.50
⬍.001

19
19 (0.78)

22
11 (0.77)

.40

⬍.001
⬍.001
.90
.005
.009
.80
.70
.30
.70

9

8

27 (0.31)
22
24
2
13

29 (0.30)
24
33
6
16

17
13
9

21
18
12

19
48
33
70 (0.36)

25
48
27
69 (0.36)

.02
⬍.001
⬍.001
⬍.001
⬍.001
⬍.001
⬍.001
⬍.001
.04
⬍.001

1591 (33)
24 (0.35)
4 (0.08)
8 (0.16)
9 (0.15)
2174 (88)
128 (3.5)
7 (0.23)
7 (0.20)
11 (0.27)

1623 (33)
39 (0.35)
9 (0.08)
13 (0.16)
14 (0.15)
2329 (88)
101 (3.5)
9.5 (0.23)
5 (0.20)
10 (0.27)

.04
⬍.001
⬍.001
⬍.001
⬍.001
.50
⬍.001
⬍.001
⬍.001
.04

.90
⬍.001

21
17 (0.79)

24
12 (0.79)

.30
⬍.001

⬍.001

11

⬍.001
.50
.05
.004
.21

27 (0.31)
24
24
2
15

29 (0.31)
25
34
6
19

16
12
10

25
21
15

.70

.60
.40
.50

7

.31

.70

⬍.001
⬍.001
.90
.006
.03
.10
.01
.01
.07

Abbreviations: AMD, age-related macular degeneration; BMI, body mass index (calculated as weight in kilograms divided by height in meters squared);
CAREDS, Carotenoids in Age-Related Eye Disease Study; MET, metabolic equivalents; MUFA, monounsaturated fatty acid; PUFA, polyunsaturated fatty acid;
SFA, saturated fatty acid; WHI, Women’s Health Initiative.
a Data are age adjusted, directly standardized for the age groups 69 years or younger, 70 to 74 years, and 75 years or older, except for age. P values were calculated
using regression coefficients from the analyses of covariance for continuous variables and using the Cochran-Mantel-Haenszel statistic for general association for
categorical variables.
b Indicates continuous variable; data are given as least squares mean (SE).
c Assessed in CAREDS questionnaires or study visits.
d Indicates daily intake of at least 2 of the following 3 antioxidants from supplements containing at least 120 mg of vitamin C, at least 60 IU (40 mg) of vitamin E, or
at least 10 000 µg of beta carotene at the CAREDS baseline examination for 10 or more years.

termediate AMD among women in quintiles 3 through
5 compared with quintile 1 (P= .12 for trend) (quintile
2 OR, 0.9 [95%, CI 0.5-1.4]; quintile 3, 0.5 [0.3-0.97];
quintile 4, 0.5 [0.2-0.9]; and quintile 5, 0.5 [0.2-1.0]).
Associations, again, differed by age (P = .02 for interaction). Although the inverse occurred in both women
younger than 75 (Table 2) and women 75 years or older,
associations in the older group were stronger (multivariate OR [95% CI] for AMD in quintile 5 vs quintile 1,
0.2 [0.1-0.8]; P= .02 for trend).
-6 Polyunsaturated Fatty Acids. In women of all ages,
-6 PUFA intake was directly associated with intermediate AMD (OR [95% CI] in high vs low quintiles, 2.0
[1.1-3.5]) after adjustment for age and MUFA, SFA, and
lutein intake groups. As with other fats, we stratified analyses by age because of the presence of age interactions

(P=.10). However, the association remained direct in both
younger (Table 2) and older age groups (multivariate OR
[95% CI], 2.7 [1.1-6.9]; P =.04 for trend). When we restricted the analyses to women with stable -6 PUFA intake, the ORs were even further from unity (Table 2).
-3 Polyunsaturated Fatty Acids. The intake of -3 and
-6 PUFAs were highly correlated in this sample (r=0.82;
P ⬍ 001). In women of all ages, the OR (95% CI) for intermediate AMD (quintile 5 vs quintile 1) was 1.8 (1.22.6; P=.003 for trend) after adjusting for age and other
fatty acids. The associations with shorter-chain (␣linolenic acid and stearidonic acid) and long-chain (docosahexaenoic, docosapentaenoic, and eicosapentaenoic acids) -3 PUFAs analyzed separately were similar in
direction in the overall sample (data not shown) and in
women younger than 75 years, in whom ORs (95% CIs)
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Table 2. Odds for Overall Intermediate AMD by Quintiles of Intakes of Total and Specific Types of Dietary Fat
in 1781 CAREDS Participants, 2001-2004
Quintile
1

2

3

P Value
4

5

For
For
Trend a Interaction b

Total Fat
All ages
Median intake, % of energy
No. with outcome/at risk
Age-adjusted OR (95% CI)
Multivariate OR (95% CI) c
Restricted to women with stable fat intake d
Age ⬍75 y
Median intake, % of energy
No. with outcome/at risk
Age-adjusted OR (95% CI)
Multivariate OR (95% CI) c
Restricted to women with stable fat intake d
Age ⱖ75 y
Median intake, % of energy
No. with outcome/at risk
Age-adjusted OR (95% CI)
Multivariate OR (95% CI) c

21
65/339
1 [Reference]
1 [Reference]
1 [Reference]

26
31
36
72/355
61/360
62/346
1.1 (0.7-1.6) 0.8 (0.6-1.2) 0.9 (0.6-1.3)
1.1 (0.7-1.6) 0.8 (0.6-1.3) 0.9 (0.6-1.3)
1.3 (0.8-2.0) 0.8 (0.5-1.3) 0.9 (0.6-1.5)

43
67/353
1.0 (0.7-1.5)
1.0 (0.7-1.5)
1.0 (0.6-1.7)

.02
.89
.79
.72

21
29/262
1 [Reference]
1 [Reference]
1 [Reference]

26
31
36
38/262
39/264
36/263
1.4 (0.8-2.3) 1.4 (0.8-2.3) 1.2 (0.8-2.2)
1.3 (0.8-2.2) 1.4 (0.8-2.3) 1.2 (0.7-2.0)
1.6 (0.8-3.2) 1.2 (0.6-2.5) 1.5 (0.7-2.9)

43
48/262
1.8 (1.1-3.0)
1.7 (1.02-2.7)
1.8 (0.9-3.7)

.05
.10
.19

20
34/86
1 [Reference]
1 [Reference]

26
30
35
33/88
24/88
24/89
0.9 (0.5-1.7) 0.6 (0.3-1.1) 0.6 (0.3-1.1)
0.9 (0.5-1.7) 0.6 (0.3-1.1) 0.6 (0.3-1.1)

42
22/89
0.5 (0.3-1.0)
0.5 (0.3-1.0)

.008
.02

Median intake, % of energy
No. with outcome/at risk
Age-adjusted OR (95% CI)
Multivariate OR (95% CI) f
Restricted to women with stable SFA intake d

7
30/263
1 [Reference]
1 [Reference]
1 [Reference]

SFA e
9
10
12
36/261
35/265
45/262
1.2 (0.7-2.2) 1.2 (0.6-2.3) 1.6 (0.8-3.3)
1.2 (0.7-2.2) 1.2 (0.6-2.3) 1.6 (0.8-3.3)
1.4 (0.7-3.1) 1.8 (0.7-4.1) 2.4 (1.0-6.1)

15
45/262
1.6 (0.7-3.7)
1.6 (0.7-3.6)
2.4 (0.9-6.7)

Median intake, % of energy
No. with outcome/at risk
Age-adjusted OR (95% CI)
Multivariate OR (95% CI) f
Restricted to women with stable MUFA intake d

8
29/245
1 [Reference]
1 [Reference]
1 [Reference]

MUFA e
10
11
13
35/261
38/266
38/269
1.2 (0.7-2.0) 1.2 (0.7-2.1) 1.2 (0.7-2.0)
0.9 (0.5-1.7) 0.8 (0.4-1.7) 0.6 (0.3-1.5)
0.8 (0.4-1.7) 0.5 (0.2-1.3) 0.4 (0.1-1.1)

16
50/272
1.7 (1.0-2.8)
0.8 (0.3-2.1)
0.5 (0.2-1.7)

Median intake, % of energy
3
No. with outcome/at risk
28/261
Age-adjusted OR (95% CI)
1 [Reference]
1 [Reference]
Multivariate OR (95% CI) f
Restricted to women with stable -6 PUFA intake d 1 [Reference]

-6 PUFA e
4
5
6
39/264
35/250
38/255
1.5 (0.8-2.6) 1.4 (0.8-2.6) 1.5 (0.8-2.8)
1.5 (0.8-2.6) 1.5 (0.7-2.7) 1.5 (0.8-2.9)
1.5 (0.7-3.1) 2.3 (1.1-5.0) 2.1 (0.9-4.8)

8
50/283
1.7 (0.8-3.3)
1.7 (0.8-3.4)
2.1 (0.9-5.2)

Median intake, mg/1000 kcal
500
No. with outcome/at risk
26/232
1 [Reference]
Age-adjusted OR (95% CI) g
Multivariate OR (95% CI)
1 [Reference]
Restricted to women with stable -3 PUFA intake d 1 [Reference]

-3 PUFA e
634
748
880
35/227
30/226
36/229
1.5 (0.9-2.6) 1.2 (0.7-2.1) 1.6 (0.9-2.7)
1.5 (0.9-2.6) 1.2 (0.7-2.1) 1.6 (0.9-2.7)
1.8 (0.9-3.6) 1.2 (0.6-2.5) 1.8 (0.9-3.6)

1,106
63/209
2.7 (1.6-4.4)
2.6 (1.6-4.4)
3.4 (1.8-6.6)

.01
.02
.23
.12
.02
.04
.67
.29
.10
.04
.07
.17
.10
⬍.001
⬍.001
⬍.001

Abbreviations: AMD, age-related macular degeneration; CAREDS, Carotenoids in Age-Related Eye Disease Study; CI, confidence interval; MUFA, monounsaturated
fatty acid; OR, odds ratio; PUFA, polyunsaturated fatty acid; SFA, saturated fatty acid.
a Calculated using quintile medians of the fats.
b Indicates interaction for age and total and specific fats, calculated with age as a continuous variable in the model.
c Included age and lutein intake groups (high vs low).
d Women were considered to have stable fat intakes for total and specific fats if their quintile ranking for total or specific type of fat intake at the Women’s Health
Initiative baseline examination (1994-1998) differed from their ranking for total fat intake at the 1986-1988 examination by no more than 1 quintile (n = 1325).
e Restricted to women younger than 75 years.
f Models contained MUFA, PUFA, SFA, age, and lutein intake group (low vs high).
g Adjusted for age and energy.

in quintile 5 vs quintile 1 were 2.7 (1.7-4.5; P ⬍.001 for
trend) and 1.3 (0.8-2.0) for short- and long-chain -3
PUFAs, respectively.
Previous investigations have observed a protective influence of -3 PUFA or fish to be stronger among people
with lower intake of -6 PUFA,14,18,21 possibly because
-6 PUFA replaces -3 PUFA in membranes and com-

petes with -3 PUFA for cyclooxygenases to form proinflammatory eicosanoids.28 Therefore, we computed associations of long-chain -3 PUFA intake with AMD
separately, stratifying by intake level of -6 PUFA (above
and below the median intake of 6% as a percentage of
total energy). The ORs (95% CIs) for AMD (adjusted for
age and energy) in the highest vs lowest quintile for long-
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chain -3 PUFA intake were 1.0 (0.5-2.1) vs 2.7 (1.74.5) for women below vs above the median for -6 PUFA
intake (P=.38 for interaction).
Finally, we conducted exploratory analyses of potential interactions between lutein and fat intake to evaluate
the effect on associations of dietary fat intake with AMD
created by limiting our sample to women whose intakes
of lutein plus zeaxanthin were below the 28th percentile
and above the 78th percentile; that is, less than 1.1 and more
than 2.0 mg/d. There was a wider range of fat intake among
women in the low compared with the high lutein intake
group (25th, 50th, and 75th percentiles of 28%, 34%, and
40% compared with 24%, 28%, and 33% of energy, respectively). This persisted across all types of fat (data not shown).
There were no significant interactions of fat intake with lutein intake except for -3 PUFA. In this case, -3 PUFA
intake was associated with a higher risk of AMD only when
lutein intake was low (multivariate adjusted ORs [95% CIs]
among women with lutein intakes of ⬍1.1 and ⬎2.0 mg,
2.7 [1.6-4.6] and 1.1 [0.6-1.9], respectively; P=.08 for interaction). This may reflect the wider range of fat intake
among women with lower lutein intake.
FOOD SOURCES OF FATS
To interpret associations of fat intake with AMD, we explored associations of AMD with specific food sources
of fat. In Table 3, we list associations in the youngest
group at risk for AMD (women ⬍75 years) because these
associations are least likely to reflect biases due to selective mortality or diet change. Most of the fat intake in
the CAREDS sample was provided by dairy foods (26%),
added fats (24%), and meats (16%). Intake of added animal or vegetable fats or high-fat versions of dairy foods
or meats was consistently associated with a higher prevalence of AMD, although the associations with the intake
of no one food group was statistically significant. Although the intake of low-fat dairy foods supplied 39%
of total dairy fat, intake in the highest vs lowest tertile
was related to half the risk for AMD.
The -3 PUFAs come from a wide variety of foods.
These PUFAs include short-chain PUFAs, of which linolenic acid predominates, and long-chain -3 PUFAs,
mostly from docosahexaenoic and eicosapentaenoic acids. In this sample, the largest proportion of -3 PUFAs
of any type came from dairy products (16% from milk,
cheese, yogurt, and butter); mayonnaise (13%); other salad
dressings (13%); vegetable cooking oils (11%); fish (11%);
meat (10%); eggs (1%); cereals (1%); fruits and vegetables (9%); salty snacks (4%); breads, rice, and pasta
(3%); desserts (3%); and margarine (2%). These sources
reflect the frequency of eating these foods and the
-3 PUFA concentrations in them. Rich sources of -3
PUFAs include nuts and dark fish. No associations of AMD
with food sources of -3 PUFAs, nuts, and dark fish were
observed, but the consumption frequency of these foods
was low. Moreover, the predominant intake of dark fish,
a primary source of long-chain -3 PUFAs, was in the
form of tuna salad, and most fat (approximately 70%90%) in tuna salad comes from added vegetable fat (mayonnaise), which was directly (although nonsignificantly) associated with AMD.

COMMENT

TOTAL DIETARY FAT
In this sample, total fat intake was not associated with overall intermediate AMD; however, associations varied with
age. Direct associations of total fat intake with AMD in the
younger women (three-fourths of our sample) were consistent with the large body of evidence that suggests that
AMD risk is directly associated with the level of total fat intake. High levels of fat intake have been significantly associated with higher prevalence, incidence, or progression in
several studies.14,15,29 In several additional studies, associations with total fat intake have been direct, even if not statistically significant.13,14,16-18,29 Data from the present study
extend the body of evidence to suggest that this association
could reflect early stages in the development of AMD. It is
common knowledge that high-fat diets are often micronutrient poor, and this trend can be observed in Table 1. Consequently, high-fat diets might be a marker for diets that
are poor in many micronutrients that could protect against
AMD. Although associations in this study persisted, after
adjusting for the level of lutein in the diet (Table 2) and other
individual micronutrients (data not shown), some level of
residual confounding is likely to persist owing to imperfect
measurement of diet and the fact that diet over a short time
is queried relative to the decades of adult life, over which
diet could influence the health of the retina.
The inverse associations between AMD and total fat intake in the older segment of the population could be the
result of selective mortality bias. Similar reversals of associations in older compared with younger persons were observed with the intake of lutein plus zeaxanthin in the same
sample25 and a separate sample.30 Moreover, the older
women who enrolled in this study were more likely to have
healthier diets and lifestyles than women in their birth cohorts who did not survive. In addition, evidence exists that
having AMD is associated with increased risk of mortality.31-34 Thus, potentially adverse relationships between diets
high in fat and AMD could be masked in older segments
of the sample. These biases are likely to contribute to the
inconsistency in nutrition and other modifiable risk factors for AMD observed across epidemiological studies.
TYPES OF DIETARY FAT
The intake of -6 PUFAs, primarily provided by added vegetable fats (salad dressing, mayonnaise, and margarine), was
associated with an increased prevalence in intermediate
AMD in the CAREDS sample. Similar associations with overall -6 PUFA intake or that of the major -6 PUFA (linoleic acid) have been observed in 5 previous investigations in American samples,13-15,18,21 although in some the
association was most direct in women13,15 (possibly reflecting that this is a more important contributor to fat intake
in women than in men). In another American sample35 and
in Australian16,20 and French29 cohorts, the ORs for AMD
among persons with high compared with low intake of -6
PUFAs or linoleic acid were close to unity. Nevertheless,
more studies than not suggest direct associations of vegetable fat intake with AMD.
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Table 3. Multivariate Adjusted Odds for Intermediate AMD by Tertiles of Food Sources of Dietary Fat
Among CAREDS Participants Younger than 75 Years a
% of Total Fat
Dairy foods
High-fat, b 61% of dairy fat
Median servings/mo
OR (95% CI)
Low-fat, c 39% of dairy fat
Median servings/mo
OR (95% CI)
Added vegetable fats, d 79% of added fats
Median servings/mo
OR (95% CI)
Animal fats e
Median servings/mo
OR (95% CI)
Meats
High-fat, f 20% of total meat fat
Median servings/mo
OR (95% CI)
Low-fat, g 80% of total meat fat
Median servings/mo
OR (95% CI)
Candy/high-fat desserts h
Median servings/mo
OR (95% CI)
Peanuts and nuts
Median servings/mo
OR (95% CI)
Salty snacks i
Median servings/mo
OR (95% CI)
Fish
Total
Median servings/mo
OR (95% CI)
Fried or white fish
Median servings/mo
OR (95% CI)
Dark fish, 20% of fat from fish
Median servings/mo
OR (95% CI)

Tertile 1

Tertile 2

Tertile 3

9.0
1 [Reference]

18
1.3 (0.9-1.9)

36
1.1 (0.8-1.7)

11.0
1 [Reference]

36
1.2 (0.8-1.6)

87
0.5 (0.3-0.8)

10.0
1 [Reference]

26
1.2 (0.8-1.7)

54
1.4 (0.9-2.0)

1.0
1 [Reference]

4.0
0.9 (0.6-1.3)

21
1.2 (0.9-1.8)

0.0
1 [Reference]

1.0
1.0 (0.7-1.5)

4.5
1.2 (0.9-1.8)

9.0
1 [Reference]

18
0.8 (0.6-1.2)

34
1.0 (0.7-1.4)

3.0
1 [Reference]

12
1.1 (0.8-1.6)

32
0.9 (0.6-1.4)

0.5
1 [Reference]

2.3
0.9 (0.6-1.3)

11.0
1.1 (0.7-1.5)

1.0
1 [Reference]

6
1.0 (0.7-1.4)

20
1.1 (0.7-1.6)

2.0
1 [Reference]

5.2
1.0 (0.7-1.5)

11.5
1.0 (0.7-1.6)

0.0
1 [Reference]

2.3
0.9 (0.6-1.3)

5.3
0.9 (0.6-1.3)

1.0
1 [Reference]

2.5
1.1 (0.8-1.7)

6.7
1.3 (0.8-1.9)

26

24

4

16

8

5

2

1

Abbreviations: AMD, age-related macular degeneration; CAREDS, Carotenoids in Age-Related Eye Disease Study; CI, confidence interval; OR, odds ratio.
a N = 1313 after excluding women with late AMD. Adjusted for age and lutein intake groups (high vs low).
b Includes cheese and cheese dishes, butter, ice cream and custards, cream, and dishes made with cream and whole milk.
c Includes skim or 2% fat milk, low-fat cheeses, yogurt, and low-fat dairy products and desserts.
d Includes margarine, mayonnaise, salad dressing, and vegetable oils.
e Includes butter, gravy, and lard.
f Includes hot dogs, sausages, luncheon meat, fried chicken, organ meats, gravy, and lard.
g Includes beef, pork, lamb, poultry, and mixed dishes containing them. This represents 80% of fat from meats.
h Includes chocolate candy, donuts, pastries, cookies, and pies.
i Includes popcorn (popped in oil) and potato and snack chips.

These direct associations of -6 PUFA intake with AMD
could reflect the fact that this is a common source of fat in
this sample and that fat simply replaces calories spent on
eating more nutrient-dense foods. It could also reflect a specific deleterious influence of these fats. Omega-6 PUFAs
promote inflammation,36 which is thought to contribute
to retinal damage that may promote AMD.37 (Although
PUFAs lower levels of atherogenic blood lipids,38 -6
PUFAs may be atherogenic because they promote inflammatory processes.36 Some studies have found atherosclerosis to be associated with AMD.8,39)
The overall effect of fatty acids on the inflammatory
process seems to depend on the level of other fatty acids

from which proinflammatory and anti-inflammatory cytokines and eicosanoids are synthesized. The -6 and -3
PUFAs have been found to have antagonist effects on inflammation, which may be explained by competition for
shared enzymes.28 However, the effects of -6 PUFAs on
inflammation and atherosclerosis are complex and also
appear to depend on levels of other fatty acids. Levels of
other fatty acids, such as -9 fatty acids, may also influence the overall inflammatory effect of -6 PUFAs.36 It
has been suggested that the low ratio of -6 to the sum
of -3 plus -9 fatty acids (the most abundant of which
is oleic acid, an MUFA) in Mediterranean diets may explain the low prevalence of cardiovascular disease and

(REPRINTED) ARCH OPHTHALMOL / VOL 127 (NO. 11), NOV 2009
1489

WWW.ARCHOPHTHALMOL.COM

Downloaded from www.archophthalmol.com at University of Wisconsin -Madison, on October 7, 2010
©2009 American Medical Association. All rights reserved.

chronic inflammatory diseases in populations that follow these dietary patterns.36
Another potential explanation for the direct association of -6 PUFAs with AMD in this and some other
samples could be that solid vegetable fats—in America—
are also a source of trans-fatty acids, which may be atherogenic. Trans-fatty acid intake in 3 American samples
was associated with a high risk of AMD.14,15,18 However,
in the present study, the intake of trans-fatty acids was
not associated with AMD (data not shown).
An adverse effect of -6 PUFA could reflect the possibility that PUFAs enhance oxidative damage of the retina.40-42
The unsaturated fats, because of double bonds, are more
susceptible to attack by reactive oxygen species. It is well
known that photoreceptors concentrate -6 PUFAs,43 accrued partially from the diet.44 Evidence suggests that peroxidized lipids that increase in the retinal membrane with
age could promote AMD progression.42,45
We also observed direct (adverse) associations between
AMD and the intake of dietary long-chain (from marine oils)
and shorter-chain -3 PUFAs. This is in contrast to protective associations between overall -3 PUFA intake reported
in1study21 andlong-chain-3PUFAorfishintakeandAMD
reported in numerous previous studies.14,16,18-21,23,35 We did
not find inverse associations between AMD and higher intake of -3 PUFAs in general or of fish specifically. In fact,
associations with the intake of -3 PUFAs were direct both
for linolenic acid, the main source of dietary -3 PUFAs, and
for long-chain -3 PUFAs, which include docosahexaenoic
and eicosapentaenoic acids, which are mainly provided by
fish from cold waters. This may be because -3 PUFA consumptionwashighlycorrelatedwiththe-6PUFAconsumption in this sample and to consuming both fat types concurrently. For example, a major source of -3 PUFA was tuna
salad, which supplies not only long-chain -3 PUFAs but
also high levels of -6 PUFAs in the form of mayonnaise.
Results of 2 previous studies also suggest direct relations
between -3 PUFAs and AMD.15,46 However, in 1 study, although the intake of linolenic acid, the major short-chain
-3 PUFA, was associated with a higher risk of AMD, the
intake of long-chain -3 PUFAs was associated with lower
risk. Fish intake was directly related to the progression of
AMD in another study,46 but the authors state that this is
likely due to recent diet change in study participants, given
that diet was assessed after baseline AMD was assessed.
A protective influence of -3 PUFAs may depend on
the intake of -6 PUFAs. In 3 past studies in which -6
PUFAs were associated with higher risk, a protective association with long-chain -3 PUFA was observed only
in conjunction with low levels of -6 PUFAs.14,18,21 In the
present study, direct associations with -3 PUFA intake
were stronger in women whose intake of -6 PUFAs was
above—rather than below—6% of energy, but the interaction was not statistically significant.
Overall, despite the results of the present study, the
larger body of epidemiological evidence suggests that the
intake of long-chain -3 PUFAs and/or fish is related to
a lower risk of AMD. This evidence may reflect a benefit
of long-chain -3 PUFAs, which appear to have an antiinflammatory effect,22 or a benefit of other nutrients provided by fish, such as selenium and/or vitamin D. The
impact of long-chain -3 PUFA supplements on the pro-

gression of AMD is currently being tested in a large multicenter clinical trial.47
The direction of association of AMD with the intake of
other specific types of fats was similar to that of PUFAs (direct) except for MUFAs, raising the possibility that these
fats, or other food components they are associated with, may
not increase the risk of AMD or may protect against it. Associations of MUFA with AMD across other studies are quite
inconsistent. This could reflect, in part, different strategies
for the adjustment of these associations for other aspects
of diet in general or fat in particular. The MUFAs in this and
other samples contribute the most or the second most to
total fat intake and could reflect associations with the level
of fat intake. In this sample and in a previously reported
study,15 the direction of associations between MUFAs and
AMD changed only after adjusting for the intake of other
fatsthatweresignificantsourcesofenergy(PUFAsandSFA),
better reflecting the relative contributions of fat types rather
than the level of fat in diets. Direct (albeit not always significant) associations were observed in 3 previous studies
in which the intake of other energy-yielding fats was not
adjusted for.13,14,16,29,35 In only 1 previous study was an association of MUFA intake with AMD direct, even after adjusting for the intake of other fats.18
In the present study, lower prevalence of AMD among
women in quintiles 3 to 5 for MUFA intake, compared with
quintile1,couldreflectthefactthatthesefoodsprovideother
nutrientsthatcouldprotectagainstAMD.Forexample,dairy
and meat products, which are important contributors of
MUFA in American diets,48 are also important sources
of zinc.49 In the present study, although high-fat versions
ofthesefoodswereassociatedwithahighprevalenceofAMD,
the lower-fat versions reduced the risk (low-fat dairy) or
were not associated with risk (medium- or low-fat meat)
(Table 3). However, zinc intake was not related to AMD in
the present study, and it did not influence associations with
MUFAs (data not shown). The intake of foods that provide
MUFAs in Mediterranean diets (nuts and olive oil) was too
low in this population to adequately evaluate the associations with the intake of these foods.
The MUFAs may protect against AMD via their antiatherogenic role. It has been hypothesized that atherosclerosis and its risk factors are related to the development of
AMD.8,39,50-53 Previous epidemiological studies and intervention trials of diets high in MUFAs suggest a protective
effect toward atherosclerosis and coronary heart disease.54
Because olive oils55 and nuts56 that are rich in MUFAs are
also rich in vitamin E and other plant antioxidants, high
MUFA intake may be a marker of other aspects of diet that
may be associated with lower risk of AMD in some samples.
In addition to those already discussed, additional limitationsofthepresentstudymustbeconsidered.First,although
we tested the influence of adjusting for a large number of
potential risk or protective factors (ie, smoking, history of
diabetes mellitus and cardiovascular disease, family history
of AMD, iris color, and postmenopausal hormone therapy
use), we did not have information about the genetic risk for
AMD. Adjustment for self-reports of family history of AMD
did not influence or modify the associations we observed.
Second, the sample selection strategy in the present
study differed from that in previously published studies;
only women who had lutein intake of less than 1.1 or more
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than 2.0 mg/d were included. Women with lutein intake
ranging from 1.1 to 2.0 mg were excluded to maximize
the power to study relationships of lutein with agerelated eye diseases. The impact of excluding women in
the middle ranges cannot be known with certainty, but is
not likely to have explained the associations observed because they were generally consistent in groups with low
and higher lutein intake.
Third, there may be limitations in the generalizability of these results to the larger US population of women
or to men. Unlike the overall US population in the Third
National Health and Nutrition Examination Survey, conducted during a period similar to that of WHI recruitment, women in the CAREDS sample are primarily white
(98%). Women in the CAREDS sample are also more educated, have higher incomes, and are generally healthier
than American women overall, except for being more
likely to be overweight (37% vs 26%) or obese (26% vs
19%). Fewer CAREDS participants currently smoke (4%
vs 19%), but a larger proportion smoked in the past (39%
vs 31%). Overall, 43% of the CAREDS participants and
50% of US women older than 40 years ever smoked.
We were unable to ascertain whether AMD antedated
recruitment into the WHI study. However, retinal photographs were taken 4 to 7 years after dietary assessments were
performed in the WHI baseline study visits. It is unlikely
that knowledge of having large drusen would influence diet
patterns because it was assessed photographically at a stage
not often associated with awareness of the condition; most
of the women with intermediate AMD in this sample (72%)
reported not having been told by a physician that they had
it. However, changes in diet just before entry into the WHI,
which are associated with the presence of other chronic diseases that may increase risk for AMD (ie, cardiovascular diseases, diabetes mellitus, or hypertension), could bias findings.Next,theunavoidableimprecisionofthefoodfrequency
questionnaire may have attenuated our study findings toward the null. Furthermore, given the number of comparisons made in analyzing the amount and type of fat in relation with AMD, some borderline significant results may
be by chance, in the absence of a real association.
CONCLUSIONS

Associations of the intake of total and specific types of fat
with AMD are complex in this sample and across different
study populations. However, some generalities can be made.
Our study adds to the growing body of evidence that diets
that are high in fat may influence the development of AMD
and extends the adverse associations reported in past studies to provide more evidence of an influence of fat intake
on earlier stages of AMD. Inconsistencies in the relationships of specific fats with AMD across study samples and
age strata may also reflect different patterns of fat intake,
other dietary characteristics for which fat intake is a marker,
selective mortality bias, and different strategies used to adjust for other aspects of diet across studies. In this particular sample, adverse associations were particularly attributed to diets high in -6 PUFAs, which may have masked
potential protective influences of consuming diets high in
-3 PUFAs.

Submitted for Publication: June 10, 2008; final revision received January 20, 2009; accepted January 30, 2009.
Correspondence: Julie A. Mares, PhD, Department of
Ophthalmology and Visual Sciences, University of Wisconsin, Room 1063, 610 N Walnut St, Madison, WI
53726-2336 (jmarespe@wisc.edu).
Financial Disclosure: None reported.
Group Members: The CAREDS Research Study Group
includes Catherine Allen, PhD, Barbara A. Blodi, MD, and
Matthew Davis, MD (University of Wisconsin, Madison); Robert B. Wallace, MD, and Karen Gehrs, MD (The
University of Iowa); Michael Klein, MD (Casey Eye Institute, Oregon Health Sciences University); Cheryl Ritenbaugh, PhD, MPH (University of Arizona); D. Max Snodderly, PhD (Medical College of Georgia); and Elizabeth
Johnson, PhD (Tufts University USDA Human Nutrition Research Center on Aging).
Funding/Support: This study was supported by grant
EY13018 from the National Eye Institute, the National
Institutes of Health; the National Heart Lung Institute (for
support of the WHI); and Research to Prevent Blindness.
Additional Contributions: Rachel Adler assisted in evaluating food sources of fat for this study. The following WHI
investigators, staff, and participants contributed their time
and effort to obtaining the WHI data that were presented
in this manuscript: at the program office, Barbara Alving,
Jacques Rossouw, Shari Ludlam, Linda Pottern, Joan
McGowan, Leslie Ford, and Nancy Geller (National Heart,
Lung, and Blood Institute, Bethesda, Maryland); at the clinical coordinating center, Ross Prentice, Garnet Anderson,
Andrea LaCroix, Charles L. Kooperberg, Ruth E. Patterson,
and Anne McTiernan (Fred Hutchinson Cancer Research
Center), Sally Shumaker (Wake Forest University School
of Medicine, Winston-Salem, North Carolina), Evan Stein
(Medical Research Labs, Highland Heights, Kentucky), and
StevenCummings(UniversityofCaliforniaatSanFrancisco);
at the clinical centers, Sylvia Wassertheil-Smoller (Albert
Einstein College of Medicine, Bronx, New York), Jennifer
Hays (Baylor College of Medicine, Houston, Texas), JoAnn
Manson (Brigham and Women’s Hospital, Harvard Medical School, Boston, Massachusetts), Annlouise R. Assaf
(Brown University, Providence, Rhode Island), Lawrence
Phillips (Emory University, Atlanta, Georgia), Shirley Beresford (Fred Hutchinson Cancer Research Center), Judith
Hsia(GeorgeWashingtonUniversityMedicalCenter,Washington, DC), Rowan Chlebowski (Los Angeles Biomedical
Research Institute at Harbor–University of California, Los
Angeles Medical Center, Torrance), Evelyn Whitlock (Kaiser Permanente Center for Health Research, Portland, Oregon), Bette Caan (Kaiser Permanente Division of Research,
Oakland, California), Jane Morley Kotchen (Medical College of Wisconsin, Milwaukee), Barbara V. Howard (MedStarResearchInstitute/HowardUniversity,Washington,DC),
Linda Van Horn (Northwestern University, Chicago, Illinois), Henry Black (Rush Medical Center, Chicago), Marcia L. Stefanick (Stanford Prevention Research Center, Stanford, California), Dorothy Lane (State University of New
York at Stony Brook), Rebecca Jackson (The Ohio State University, Columbus), Cora E. Lewis (University of Alabama
at Birmingham), Tamsen Bassford (University of Arizona),
Jean Wactawski-Wende (University at Buffalo, Buffalo, New
York), John Robbins (University of California, Davis, Sac-

(REPRINTED) ARCH OPHTHALMOL / VOL 127 (NO. 11), NOV 2009
1491

WWW.ARCHOPHTHALMOL.COM

Downloaded from www.archophthalmol.com at University of Wisconsin -Madison, on October 7, 2010
©2009 American Medical Association. All rights reserved.

ramento), F. Allan Hubbell (University of California, Irvine),
Howard Judd (University of California, Los Angeles), Robert D. Langer (University of California, San Diego, LaJolla),
Margery Gass (University of Cincinnati, Cincinnati, Ohio),
Marian Limacher (University of Florida, Gainesville), David
Curb(UniversityofHawaii,Honolulu),RobertWallace(The
University of Iowa, Iowa City), Judith Ockene (University
of Massachusetts/Fallon Clinic, Worcester), Norman Lasser
(University of Medicine and Dentistry of New Jersey, Newark), Mary Jo O’Sullivan (University of Miami, Miami,
Florida), Karen Margolis (University of Minnesota, Minneapolis), Robert Brunner (University of Nevada, Reno),
Gerardo Heiss (University of North Carolina, Chapel Hill),
Lewis Kuller (University of Pittsburgh, Pittsburgh, Pennsylvania), Karen C. Johnson (University of Tennessee, Memphis), Robert Brzyski (The University of Texas Health Science Center, San Antonio), Gloria E. Sarto (University of
Wisconsin, Madison), Denise Bonds (Wake Forest University School of Medicine), and Susan Hendrix (Wayne State
University School of Medicine/Hutzel Hospital, Detroit,
Michigan).
REFERENCES
1. Resnikoff S, Pascolini D, Etya’ale D, et al. Global data on visual impairment in
the year 2002. Bull World Health Organ. 2004;82(11):844-851.
2. Friedman DS, Congdon NG, Kempen J, Tielsch JM, O’Colmain B. Vision Problems in the US: Prevalence of Adult Vision Impairment and Age-Related Eye Disease.
Schaumburg, IL: Prevent Blindness America; 2002.
3. Friedman DS, O’Colmain BJ, Munoz B, et al; Eye Diseases Prevalence Research
Group. Prevalence of age-related macular degeneration in the United States. Arch
Ophthalmol. 2004;122(4):564-572.
4. Montezuma SR, Sobrin L, Seddon JM. Review of genetics in age related macular degeneration. Semin Ophthalmol. 2007;22(4):229-240.
5. Gorin MB. A clinician’s view of the molecular genetics of age-related maculopathy.
Arch Ophthalmol. 2007;125(1):21-29.
6. Klein R, Peto T, Bird A, Vannewkirk MR. The epidemiology of age-related macular degeneration. Am J Ophthalmol. 2004;137(3):486-495.
7. Snow KK, Seddon JM. Do age-related macular degeneration and cardiovascular disease share common antecedents? Ophthalmic Epidemiol. 1999;6(2):125-143.
8. van Leeuwen R, Ikram MK, Vingerling JR, Witteman JC, Hofman A, de Jong PT.
Blood pressure, atherosclerosis, and the incidence of age-related maculopathy:
the Rotterdam Study. Invest Ophthalmol Vis Sci. 2003;44(9):3771-3777.
9. Mares JA, Millen AE. Diet and Supplements and the Prevention and Treatment
of Eye Diseases. 2nd ed. Amsterdam, the Netherlands: Elsevier Science Publishers; 2008.
10. van Leeuwen R, Boekhoorn S, Vingerling JR, et al. Dietary intake of antioxidants
and risk of age-related macular degeneration. JAMA. 2005;294(24):3101-3107.
11. Age-Related Eye Disease Study Research Group. A randomized, placebocontrolled, clinical trial of high-dose supplementation with vitamins C and E, beta
carotene, and zinc for age-related macular degeneration and vision loss: AREDS
report No. 8. Arch Ophthalmol. 2001;119(10):1417-1436.
12. Klein ML, Francis PJ, Rosner B, et al. CFH and LOC387715/ARMS2 genotypes
and treatment with antioxidants and zinc for age-related macular degeneration.
Ophthalmology. 2008;115(6):1019-1025.
13. Mares-Perlman JA, Brady WE, Klein R, VandenLangenberg GM, Klein BE, Palta
M. Dietary fat and age-related maculopathy. Arch Ophthalmol. 1995;113(6):
743-748.
14. Seddon JM, Cote J, Rosner B. Progression of age-related macular degeneration: association with dietary fat, transunsaturated fat, nuts, and fish intake [published correction appears in Arch Ophthalmol. 2004;122(3):426]. Arch Ophthalmol.
2003;121(12):1728-1737.
15. Cho E, Hung S, Willett WC, et al. Prospective study of dietary fat and the risk of
age-related macular degeneration. Am J Clin Nutr. 2001;73(2):209-218.
16. Smith W, Mitchell P, Leeder SR. Dietary fat and fish intake and age-related
maculopathy. Arch Ophthalmol. 2000;118(3):401-404.
17. Heuberger RA, Mares-Perlman JA, Klein R, Klein BE, Millen AE, Palta M. Relationship of dietary fat to age-related maculopathy in the Third National Health
and Nutrition Examination Survey. Arch Ophthalmol. 2001;119(12):1833-1838.
18. Seddon JM, Rosner B, Sperduto RD, et al. Dietary fat and risk for advanced agerelated macular degeneration. Arch Ophthalmol. 2001;119(8):1191-1199.
19. SanGiovanni JP, Chew EY, Agron E, et al; Age-Related Eye Disease Study Research Group. The relationship of dietary -3 long-chain polyunsaturated fatty
acid intake with incident age-related macular degeneration: AREDS report No.
23. Arch Ophthalmol. 2008;126(9):1274-1279.

20. Chua B, Flood V, Rochtchina E, Wang JJ, Smith W, Mitchell P. Dietary fatty acids and the 5-year incidence of age-related maculopathy. Arch Ophthalmol. 2006;
124(7):981-986.
21. Seddon JM, George S, Rosner B. Cigarette smoking, fish consumption, omega-3
fatty acid intake, and associations with age-related macular degeneration: the
US Twin Study of Age-Related Macular Degeneration. Arch Ophthalmol. 2006;
124(7):995-1001.
22. SanGiovanni JP, Chew EY. The role of omega-3 long-chain polyunsaturated fatty acids in health and disease of the retina. Prog Retin Eye Res. 2005;24(1):87-138.
23. Augood C, Chakravarthy U, Young I, et al. Oily fish consumption, dietary docosahexaenoic acid and eicosapentaenoic acid intakes, and associations with neovascular age-related macular degeneration. Am J Clin Nutr. 2008;88(2):398-406.
24. The Women’s Health Initiative Study Group. Design of the Women’s Health Initiative clinical trial and observational study. Control Clin Trials. 1998;19(1):61-109.
25. Moeller SM, Parekh N, Tinker L, et al; CAREDS Research Study Group. Associations between intermediate age-related macular degeneration and lutein and zeaxanthin in the Carotenoids in Age-related Eye Disease Study (CAREDS): ancillary
study of the Women’s Health Initiative. Arch Ophthalmol. 2006;124(8):1151-1162.
26. Patterson RE, Kristal AR, Tinker LF, Carter RA, Bolton MP, Agurs-Collins T.
Measurement characteristics of the Women’s Health Initiative food frequency
questionnaire. Ann Epidemiol. 1999;9(3):178-187.
27. Age-Related Eye Disease Study Research Group. The Age-Related Eye Disease
Study system for classifying age-related macular degeneration from stereoscopic color fundus photographs: the Age-Related Eye Disease Study Report Number 6. Am J Ophthalmol. 2001;132(5):668-681.
28. Larsson SC, Kumlin M, Ingelman-Sundberg M, Wolk A. Dietary long-chain n-3
fatty acids for the prevention of cancer: a review of potential mechanisms. Am J
Clin Nutr. 2004;79(6):935-945.
29. Delcourt C, Carriere I, Cristol JP, Lacroux A, Gerber M. Dietary fat and the risk of
age-related maculopathy: the POLANUT Study. Eur J Clin Nutr. 2007;61(11):
1341-1344.
30. Mares-Perlman JA, Fisher AI, Klein R, et al. Lutein and zeaxanthin in the diet and
serum and their relation to age-related maculopathy in the Third National Health
and Nutrition Examination Survey. Am J Epidemiol. 2001;153(5):424-432.
31. Tan JSL, Wang JJ, Liew G, Rochtchina E, Mitchell P. Age-related macular degeneration and mortality from cardiovascular disease or stroke. Br J Ophthalmol.
2008;92(4):509-512.
32. Clemons TE, Kurinij N, Sperduto RD; AREDS Research Group. Associations of
mortality with ocular disorders and an intervention of high-dose antioxidants and
zinc in the Age-Related Eye Disease Study: AREDS report No. 13. Arch Ophthalmol.
2004;122(5):716-726.
33. Borger PH, van Leeuwen R, Hulsman CA, et al. Is there a direct association between age-related eye diseases and mortality? the Rotterdam Study.
Ophthalmology. 2003;110(7):1292-1296.
34. Buch H, Vinding T, la Cour M, Jensen GB, Prause JU, Nielsen NV. Age-related
maculopathy: a risk indicator for poorer survival in women: the Copenhagen City
Eye Study. Ophthalmology. 2005;112(2):305-312.
35. SanGiovanni JP, Chew EY, Clemons TE, et al; Age-Related Eye Disease Study
Research Group. The relationship of dietary lipid intake and age-related macular
degeneration in a case-control study: AREDS report No. 20. Arch Ophthalmol.
2007;125(5):671-679.
36. De Lorgeril M. Essential polyunsaturated fatty acids, inflammation, atherosclerosis and cardiovascular diseases. Subcell Biochem. 2007;42:283-297.
37. Anderson DH, Mullins RF, Hageman GS, Johnson LV. A role for local inflammation in the formation of drusen in the aging eye. Am J Ophthalmol. 2002;134
(3):411-431.
38. Willett WC. The role of dietary n-6 fatty acids in the prevention of cardiovascular
disease. J Cardiovasc Med (Hagerstown). 2007;8(suppl 1):S42-S45.
39. Tan JSL, Mitchell P, Smith W, Wang JJ. Cardiovascular risk factors and the longterm incidence of age-related macular degeneration: the Blue Mountains Eye Study.
Ophthalmology. 2007;114(6):1143-1150.
40. Ouchi M, Ikeda T, Nakamura K, Harino S, Kinoshita S. A novel relation of fatty
acid with age-related macular degeneration. Ophthalmologica. 2002;216(5):
363-367.
41. Bazan NG, Scott BL. Dietary omega-3 fatty acids and accumulation of docosahexaenoic acid in rod photoreceptor cells of the retina and at synapses. Ups J
Med Sci Suppl. 1990;48:97-107.
42. Spaide RF, Ho-Spaide WC, Browne RW, Armstrong D. Characterization of peroxidized lipids in Bruch’s membrane. Retina. 1999;19(2):141-147.
43. Berman ER. Biochemistry of the Eye. New York, NY: Plenum Publishing Corp;
1991.
44. Diau GY, Loew ER, Wijendran V, Sarkadi-Nagy E, Nathanielsz PW, Brenna JT.
Docosahexaenoic and arachidonic acid influence on preterm baboon retinal composition and function. Invest Ophthalmol Vis Sci. 2003;44(10):4559-4566.
45. Tamai K, Spaide RF, Ellis EA, Iwabuchi S, Ogura Y, Armstrong D. Lipid hydroperoxide stimulates subretinal choroidal neovascularization in the rabbit. Exp Eye
Res. 2002;74(2):301-308.
46. Robman L, Vu H, Hodge A, et al. Dietary lutein, zeaxanthin, and fats and the progression of age-related macular degeneration. Can J Ophthalmol. 2007;42(5):
720-726.
47. Coleman H, Chew E. Nutritional supplementation in age-related macular
degeneration. Curr Opin Ophthalmol. 2007;18(3):220-223.
48. Nicklas TA, Hampl JS, Taylor CA, Thompson VJ, Heird WC. Monounsaturated
fatty acid intake by children and adults: temporal trends and demographic
differences. Nutr Rev. 2004;62(4):132-141.

(REPRINTED) ARCH OPHTHALMOL / VOL 127 (NO. 11), NOV 2009
1492

WWW.ARCHOPHTHALMOL.COM

Downloaded from www.archophthalmol.com at University of Wisconsin -Madison, on October 7, 2010
©2009 American Medical Association. All rights reserved.

49. Mares-Perlman JA, Subar AF, Block G, Greger JL, Luby MH. Zinc intake and sources
in the US adult population: 1976-1980. J Am Coll Nutr. 1995;14(4):349-357.
50. Friedman E. The role of the atherosclerotic process in the pathogenesis of agerelated macular degeneration. Am J Ophthalmol. 2000;130(5):658-663.
51. Pauleikhoff D, Chen JC, Chisholm IH, Bird AC. Choroidal perfusion abnormality
with age-related Bruch’s membrane change. Am J Ophthalmol. 1990;109(2):
211-217.
52. Bischoff PM, Flower RW. High blood pressure in choroidal arteries as a possible
pathogenetic mechanism in senile macular degeneration. Am J Ophthalmol. 1983;
96(3):398-399.

53. Kornzweig AL. Changes in the choriocapillaris associated with senile macular
degeneration. Ann Ophthalmol. 1977;9(6):753-756, 759-762.
54. Kris-Etherton PM. AHA science advisory: monounsaturated fatty acids and risk
of cardiovascular disease. J Nutr. 1999;129(12):2280-2284.
55. Owen RW, Giacosa A, Hull WE, Haubner R, Spiegelhalder B, Bartsch H. The antioxidant/anticancer potential of phenolic compounds isolated from olive oil. Eur
J Cancer. 2000;36(10):1235-1247.
56. Kris-Etherton PM, Yu-Poth S, Sabate J, Ratcliffe HE, Zhao G, Etherton TD. Nuts
and their bioactive constituents: effects on serum lipids and other factors that
affect disease risk. Am J Clin Nutr. 1999;70(3)(suppl):504S-511S.

Ophthalmic Images
Rapid Optic Nerve Infiltration
by Diffuse Large B-Cell Lymphoma
Stephen J. Dorrepaal, MD; Edward Margolin, MD, FRCS(Can)

Figure 1. A 51-year-old woman with diffuse large B-cell lymphoma
presented with 2 days of fluctuating vision in her left eye; mild disc edema
was seen. Four days later, her visual acuity worsened to hand movements.
Photograph by Beth Selkirk, COA.

Figure 2. An elevated mass on the surface of the left optic nerve head was
seen protruding into the patient’s vitreous. Also visible were diffuse retinal
vein engorgement, scattered retinal hemorrhages, and box-carring of the
retinal arterioles. A diagnosis of direct lymphomatous infiltration of the optic
nerve producing simultaneous central retinal venous and arterial occlusions
was made. Photograph by Beth Selkirk, COA.
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