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The carotenoid xanthophylls, lutein and zeaxanthin, accumulate in the eye lens and macular region of the
retina. Lutein and zeaxanthin concentrations in the macula are greater than those found in plasma and other
tissues. A relationship between macular pigment optical density, a marker of lutein and zeaxanthin concentration
in the macula, and lens optical density, an antecedent of cataractous changes, has been suggested. The
xanthophylls may act to protect the eye from ultraviolet phototoxicity via quenching reactive oxygen species
and/or other mechanisms. Some observational studies have shown that generous intakes of lutein and zeaxanthin,
particularly from certain xanthophyll-rich foods like spinach, broccoli and eggs, are associated with a significant
reduction in the risk for cataract (up to 20%) and for age-related macular degeneration (up to 40%). While the
pathophysiology of cataract and age-related macular degeneration is complex and contains both environmental
and genetic components, research studies suggest dietary factors including antioxidant vitamins and xanthophylls
may contribute to a reduction in the risk of these degenerative eye diseases. Further research is necessary to
confirm these observations.

Key teaching points:

• Lutein and zeaxanthin are the principal carotenoids in the eye lens and macula lutea of the retina.
• Risk factors for cataract and age related macular degeneration (AMD) are associated with the generation of reactive oxygen species

and suggest a preventive role for dietary antioxidants.
• Observational studies indicate generous consumption of xanthophyll-rich foods like spinach, broccoli and eggs is associated with

a reduced risk of cataract and AMD.
• Further research is necessary to clarify the role of dietary antioxidants, including lutein and zeaxanthin, in the eye and confirm their

potential in the primary and/or secondary prevention of cataract and AMD.

CAROTENOIDS IN THE LENS
AND RETINA

The carotenoids are among the most common pigments in
nature [1] and are natural lipid soluble antioxidants [2].b-car-
otene is the best-studied carotenoid because of its importance
as a vitamin A precursor. However, it is only one of the
approximately 400 naturally occurring carotenoids [3]. In ad-
dition to b-carotene,a-carotene, lutein and lycopene are im-
portant carotenoid components of the human diet [4]. The
antioxidant potential of these other carotenoids may be similar
to or greater than that ofb-carotene [5,6].

The xanthophyll carotenoids, lutein and its stereoisomer
zeaxanthin, may play a critical function for maintenance of
normal visual function. These polar compounds are the pre-
dominant carotenoids in the macula while other non-polar
carotenoids, includingb-carotene and lycopene (the principal
circulating carotenoids [7]), are absent [8,9]. The high concen-
trations of these carotenoids are responsible for the yellowish
color of this region of the retina designated as the macula lutea
or ‘yellow spot.’ Like the macula, the predominant carotenoids
in the lens are lutein and zeaxanthin, whileb-carotene and
lycopene have not been detected in human lenses [10]. The
hydroxy groups of the polar carotenoids may allow them to
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incorporate into cell membranes in an orderly orientation that
stabilizes the membrane [11].

There are no experimental animal data relating carotenoids
to cataract formation and only limited data relating carotenoids
to age-related macular degeneration (AMD). It has been noted
that the macular pigment is depleted in monkeys fed diets
deficient in xanthophylls [12] and maintenance on such a diet
for up to 14 years resulted in retinal changes, including a loss
of retinal pigment epithelial (RPE) cells and increased photo-
receptor cell death [13].

Two studies have examined whether dietary intake of lutein
can affect macular pigment density in people. In a preliminary
study by Landrumet al. [14], two subjects consumed the
equivalent of 30 mg of free lutein for 140 days. Macular
pigment optical density began to increase after 20 to 40 days
and did not level off until 40 to 50 days after supplementation
ceased. In one subject, there was a statistically significant
difference in the macular pigment optical densities in the right
and left eyes, which was maintained throughout the trial. Sim-
ilarly, Hammondet al. [15] examined the effect of lutein rich
foods on thirteen subjects for 6 to 15 weeks. Ten subjects were
supplemented with both cooked spinach (1/2 cup/day, provid-
ing 10.8 mg lutein and 0.3 mg zeaxanthin) and corn (1 cup/day
providing 0.4 mg lutein and 0.3 mg zeaxanthin); one subject
received only a spinach supplement, and two subjects received
only a corn supplement. Macular pigment density and serum
lutein concentration increased in eight of the subjects eating the
spinach and corn or spinach only diets. In two subjects, serum
lutein increased, but macular pigment optical density did not,
while neither serum levels nor macular pigment density in-
creased in one subject. In the two subjects consuming the corn
only supplement, only one subject experienced an increase in
macular pigment optical density. In those subjects in whom
macular pigment density was increased, it remained elevated
for up to six months after the trial ended, despite the return of
serum lutein levels to baseline. Although these studies are
preliminary, they highlight the variable response of macular
pigment to dietary manipulation, suggesting that factors other
than diet affect macular pigment density. Nonetheless, it ap-
pears that, in those individuals that respond to diet, the effect of
lutein and zeaxanthinon macular pigment density is not tran-
sient.

The epidemiological evidence that xanthophyll intake is
related to age-related cataract and AMD is summarized below.
These studies have particularly considered lutein in the blood
or diet and foods that are good sources of lutein, such as
spinach and cruciferous vegetables. Eggs, although not the
richest dietary source of xanthophylls, are considered a good
source of these carotenoids because of the efficient bioavail-
ability of lutein and zeaxanthin from the lipid matrix of the
yolks. For example, in a clinical trial, Handelmanet al. [16]
found increases of lutein and zeaxanthin in plasma of 28% to
50% and 114% to 142% following consumption of 1.3 egg
yolks per day for 4.5 weeks, depending on the principal type of

fat in the diet. Most studies report combined lutein and zeax-
anthin intake. With the exception of a few foods, most notably
corn, lutein is the principal component of most foods that are
high in these two carotenoids, such as spinach and the crucif-
erous vegetables. Interpretation of the epidemiological studies
is limited by many factors, such as varying case definition and
completeness of dietary data for lutein [17,18].

LUTEIN AND AGE-RELATED
CATARACT

Eight epidemiologic studies have examined the relationship
between age-related cataract and lutein levels in the diet or
blood or foods that are good sources of lutein. A 1995 retro-
spective study by Mares-Perlmanet al. [19] of 1919 partici-
pants in the Beaver Dam Study found that women in the highest
quintile category of lutein intake ten years prior to study
enrollment (median 949mg/day) had a 27% lower prevalence
of more severe nuclear sclerosis (OR: 0.73; 95% CI: 0.5–1.06;
p-trend50.02) than women in the lowest quintile category of
lutein intake (median 179mg/day). The inverse associations
observed between dietary lutein and nuclear sclerosis in men
were not statistically significant. Of the lutein-rich foods ex-
amined, only spinach was found to be inversely associated with
nuclear sclerosis. Women in the highest quintile category of
spinach consumption (median 0.7 times/week) were 31% less
likely to have more severe nuclear sclerosis (OR: 0.69; 95% CI:
0.50–0.95;p-trend50.03) than women in the lowest quintile
category of spinach consumption (median 0 times/week). Again,
the trend was similar, but not statistically significant, in men.

Mares-Perlmanet al. [20] also examined the relation be-
tween prevalence of nuclear and cortical opacities and non-
fasting serum lutein in 400 subjects selected from the Beaver
Dam Eye Study cohort. Their observations, based on serum
taken at the time of the eye examination in this smaller sample,
differed from those reported above, which were based on recall
of diet ten years earlier. In general, their analyses indicated
either no effect of serum lutein or a significant detrimental
association. For nuclear opacification, the odds ratio in men
who had serum lutein values in the highest quintile category
compared to those in the lowest quintile category was 0.71
(95% CI: 0.27–1.89,p-trend50.93), while the odds ratio for the
same comparison in women was 4.1 (95% CI: 1.7–10.0;
p-trend50.006). For cortical cataract, the odds ratios compar-
ing the highest and the lowest quintile categories of serum
lutein were 4.84 (95% CI: 0.83–28.1,p-trend50.03) for men
and 1.75 (95% CI: 0.49–6.21,p-trend50.99) for women. Me-
dian serum lutein levels ranged from 0.14–0.16mmol/L in the
lowest quintile to 0.43–0.45mmol/L in the highest quintile.

In 1999, after five years of follow-up, Lyleet al. [21] found
that members of the Beaver Dam cohort who were in the
highest quintile category of lutein intake 10 years before base-
line (median 1,245mg/1000 kcal) were 50% less likely to
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develop nuclear cataracts (RR: 0.5; 95% CI: 0.3–0.8;
p-trend50.002) than those in the lowest quintile category of
intake (median 298mg/1000 kcal). Similar results were ob-
tained using lutein intake at baseline, particularly among sub-
jects ,65 years of age (RR: 0.4; 95% CI: 0.2–0.8;
p-trend50.06), although the results for those aged$65 years
were attenuated and not statistically significant (RR: 0.8; 95%
CI: 0.4–1.7;p-trend50.39). As in the first study, consumption
of spinach and other dark leafy greens at baseline was inversely
associated with risk of nuclear cataract. Persons whose con-
sumption of spinach and other dark leafy greens was in the
highest quintile category had a relative risk of 0.6 (95% CI:
0.4–0.9;p-trend50.02) compared to those in the lowest quin-
tile category. Egg consumption was also inversely associated
with nuclear cataract risk among members of the cohort who
were,65 years old at baseline. A relative risk of 0.4 (95% CI:
0.2–0.9;p-trend50.004) was reported for persons,65 years
who were in the highest quintile category of egg consumption
compared to those in the lowest quintile category.

Lyle et al. [22] also examined the incidence of nuclear
cataract in the subsample of 400 individuals previously studied
for cross-sectional associations between serum carotenoids and
nuclear cataract. Only 252 of these subjects were eligible for
incident cataract and the investigators noted that they had
limited power to detect a difference in risk between the highest
(median 0.38mmol/L) and lowest (median 0.18mmol/L) thirds
of serum lutein concentrations. Nevertheless, an inverse asso-
ciation between serum lutein concentrations and risk of nuclear
cataract was observed in people age$65 years (OR: 0.3; 95%
CI: 0.1–1.2;p-trend50.15), although this association was not
statistically significant. For people,65 years, the association
was positive, although again not statistically significant (OR:
1.4; 95% CI: 0.3–6.0;p-trend50.73).

A 1992 prospective analysis of the Nurses Health Study
cohort by Hankinsonet al. [23] found that consumption of
spinach and other greens at least five times per week compared
to less than once a month resulted in a 47% lower risk for
cataract extraction during up to eight years of follow-up (RR:
0.53; 95% CI 0.38–0.73;p-trend50.001). A similar benefit
was not reported for foods high in other carotenoids, including
broccoli (RR: 0.78; 95% CI: 0.40–1.54,p-trend50.53), which
is also a good source of lutein. Continued observation of the
Nurses Health Study cohort supports a protective role of lutein
against cataract. After up to 12 years of follow-up on 77,466
women$45 years of age, Chasan-Taberet al. [24] reported
that women in the highest decile category of lutein and zeax-
anthin intake (median 13,701mg/day) were 22% less likely to
undergo a cataract extraction (RR: 0.78; 95% CI: 0.6–0.95;
p-trend50.04) than women in the lowest quintile category of
intake (median 1,172mg/day). Consistent with earlier results,
increased frequency of consumption of spinach and other
greens, especially cooked spinach and kale, was associated
with decreased risk for cataract extraction. Consumption of
cooked spinach at least twice per week resulted in a 30% to

38% decreased risk of cataract extraction compared to those
consuming it less than once per month (RR using 1982 FFQ:
0.62; 95% CI: 0.45–0.86;p-trend50.005). In this report, broc-
coli intake was inversely associated with the rate of cataract
extraction (RR for$twice/weekvs. ,once/month using 1982
FFQ: 0.75; 95% CI: 0.59–0.95;p-trend50.03). In contrast to
Lyle et al. [21], no association was found between cataract
extraction risk and consumption of eggs$twice/week com-
pared to,once/month (RR: 1.03; 95% CI: 0.74–1.29).

A similar prospective study in male health professionals
aged$45 years by Brownet al. [25] found that those in the
highest quintile category of lutein and zeaxanthin intake (me-
dian 6,871mg) were 19% less likely to develop cataract (RR:
0.81; 95% CI: 0.65–1.01;p-trend50.03) than men in the lowest
quintile category of lutein and zeaxanthin intake (median 1,300
mg). Those consuming cooked spinach.twice/week compared
to ,once/month again exhibited an inverse association with
cataract extraction risk (RR: 0.51; 95% CI: 0.32, 0.82;
p-trend50.08), as did those with higher broccoli consumption
RR: 0.77; 95% CI: 0.61–0.97;p-trend50.02 for.twice/week
vs.,once/month).

Results of a retrospective case control study by Tavaniet al.
[26] in Northern Italy also support an inverse association be-
tween spinach and cruciferae consumption and cataract risk in
207 cataract extraction patients and 706 controls. Individuals
consuming spinach at least ‘occasionally’ were 40% less likely
to have had a cataract extraction compared to those who never
ate spinach (OR: 0.6; 95% CI: 0.4–0.9;p-trend,0.05). Those
consuming cruciferous vegetables.once per week had a 50%
lower rate of cataract extraction than those who consumed
cruciferous vegetables,once/week (OR: 0.5; 95% CI: 0.3–
0.8, p-trend,0.01). Egg consumption (.one egg/weekvs.
,one egg per week) was not significantly related to risk of
cataract extraction (OR: 0.8; 95% CI: 0.6–1.2).

Despite differences in study design, case definition and
exposure measurement, these studies demonstrate fairly con-
sistent evidence of a moderately protective association between
lutein in the diet and cataract. Spinach and other dark leafy
greens, the most concentrated sources of dietary lutein, were
most consistently associated with protection against cataract,
while associations were less consistent for foods with lower
lutein concentrations, such as broccoli and eggs. The inconsis-
tent findings of the Beaver Dam studies which employed serum
lutein as an indicator of lutein status may be due in part to their
cross-sectional study design [20] and/or small population co-
hort [22]; alternatively, serum lutein levels may not reflect
lutein levels in the lens. The hypothesis that lutein and zeax-
anthin protect the lens against the formation of cataract is
further supported through the demonstration by Hammond
et al. [27] of relationship between macular pigment optical
density, a marker of lutein and zeaxanthin concentration in the
macula, and lens optical density. Lens optical density increases
with age and may be an antecedent of cataractous changes.
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LUTEIN AND AGE-RELATED
MACULAR DEGENERATION

Seven epidemiologic studies have examined the relationship
between AMD and lutein-rich foods or lutein levels in the diet
or blood. A large case control study by the Eye Disease Case
Control Study (EDCCS) Group compared the fasting serum
samples of 615 controls to 421 patients recently diagnosed with
the less common, but more severe, neovascular or wet form of
age-related macular degeneration [28]. Those with lutein/zeax-
anthin concentrations$0.67 mmol/L were 70% less likely to
have AMD than those with concentrations#0.25mmol/L (OR:
0.3; 95% CI: 0.2–0.6;p-trend50.0001). An examination of the
dietary intake of lutein in the year before these subjects entered
the EDCCS was conducted by Seddonet al. [29]. Among 356
cases and 520 controls, those in the highest quintile category of
lutein and zeaxanthin intake (median 5757 IU) were 57% less
likely to have advanced AMD (OR: 0.43; 95% CI: 0.2–0.7,
p-trend,0.001) than individuals in the lowest quintile category
of intake (median 561 IU). Decreased odds of having AMD
was observed with increasing frequency of spinach or collard
greens consumption (p-trend,0.001).

In contrast, a retrospective study by Mares-Perlmanet al.
[30] in the Beaver Dam Eye Study cohort found no significant
association between lutein and zeaxanthin intake ten years prior
to study enrollment and AMD. The odds ratio for early AMD
comparing those in the highest ($621 mg/1000 kcal) and
lowest quintile (#204 mg/1000 kcal) categories of lutein and
zeaxanthin intake was 1.0 (95% CI: 0.7–1.5). For more severe
forms of AMD, the comparable odds ratio was 1.6 (95% CI:
0.5–5.5). Egg intake ten years prior to study enrollment was
also unrelated to early age-related maculopathy. The odds ratio
of early AMD for those in the highest quintile category of egg
consumption compared to those in the lowest quintile category
was 1.2 (95% CI: 0.8–1.7;p-trend50.57) [31]. In a smaller
sample of 167 case control pairs selected from the Beaver Dam
cohort, Mares-Perlmanet al. [32] found no significant differ-
ences in the mean non-fasting serum concentrations of lutein
and zeaxanthin in AMD cases and controls. However, the range
of serum concentrations of lutein and zeaxanthin was not as
great in this study as in the EDCCS. The 20th and 80th
percentiles of lutein and zeaxanthin concentration ranged from
0.18mmol/L to 0.38mmol/L. In addition, 72% of the cases in
this cohort had early maculopathy.

VandenLangenberget al. [33] followed subjects from the
Beaver Dam cohort who were free of late stage AMD at
baseline for five years and found no significant association
between specific macular lesions and lutein and zeaxanthin
intake either 10 years before study enrollment or at baseline.
The median intake in quintile categories 1 and 5 was 294
mg/1000 kcal and 1006mg/1000 kcal, respectively. However,
as acknowledged by the investigators, the power of this study
was limited by the relatively few number of subjects who
developed age-related maculopathies. Similarly, a small case

control study by Sanderset al. [34] in the United Kingdom
found no significant differences between the mean plasma
lutein concentrations of 65 patients with age-related macular
changes and the lutein concentrations of 65 control subjects.
The mean non-fasting plasma concentrations of lutein in both
patients and controls was 0.36mmol/L. Like the Beaver Dam
cohort, most of the cases had early macular changes (86%) and
cases and controls had a similar distribution of visual acuity.

Differences in the range of lutein and zeaxanthin exposures
and/or the severity of AMD examined may partly explain the
inconsistent findings of these studies. The dietary intakes and
blood levels of lutein and zeaxanthin were higher in the ED-
CCS than in the Beaver Dam population. Further, the late stage
neovascular form of AMD, which is more likely to result in
severe vision loss, was the outcome of interest in the EDCCS
analyses, as opposed to the earlier, more general form of AMD
studied in the U.K. and Beaver Dam populations.

NEW RESEARCH DIRECTIONS

While ultraviolet radiation has been identified as a principal
risk factor in age-related cataracts, other forms of radiation,
aspirin use, smoking, and diarrhea and dehydration have also
been suggested as possible causes of this condition. Over
decades, lens protein oxidation and precipitation into water
insoluble aggregates represents the likely mechanism of age-
related cataractogenesis and suggests the biological basis for
protection by antioxidants [35]. The retina is rich in highly
polyunsaturated fatty acids, particularly docosahexaenoic acid,
and thus vulnerable to lipid peroxidation. This situation is
compounded by exposure to light, high oxygen tension and
high concentrations of retinol [36]. Snodderly [11] has sug-
gested that the evidence available from basic research in ani-
mals and from human studies are consistent with a protective
effect of the xanthophylls and antioxidant vitamins against the
pathogenic reactions leading to AMD.

With over one million lens extractions performed annually
in the U.S. and 13 million Americans diagnosed with AMD, a
greater effort to understand the impact of nutrition on these eye
diseases is needed. Additional observational and prospective
epidemiological data are required to better understand the
strength and consistency of the relationship between dietary
antioxidants, including the xanthophylls, and cataract and
AMD. This effort requires additional information on the lutein
and zeaxanthin content of foods for nutrient databases as well
as more detail on their bioavailability from fruits, vegetables
and eggs. Further, an elucidation viain vitro andin vivostudies
of the metabolism of carotenoids with the combined contribu-
tions from hydroxylation, enzymatic and chemical oxidation,
cleavage, reduction and isomerization is necessary to clarify
their bioavailability and distribution to and within eye tissues.
Intervention studies in both animal models and clinical trials
are required to test the hypothesis that xanthophylls and other
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antioxidants can help prevent cataract and AMD or slow the
disease process once it has been diagnosed. While lutein binds
to the retinal protein tubulin, more fundamental research is
necessary to characterize its interaction with the rods and
cones, its conversion to mesozeaxanthin in the retina and its
role in the lens.

The prevalence and impact of age-related eye diseases will
continue to increase with the rapid growth of the population of
older adults in the U.S. and throughout the world. New research
to clarify their relationship to dietary antioxidants presents a
potentially promising strategy for the primary and/or secondary
prevention of cataracts and AMD.
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