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ABSTRACT Recent evidence introduces the possibility that lutein and zeaxanthin may protect against the
development of the two common eye diseases of aging, cataract and macular degeneration. This potential and the
lack of other effective means to slow the progression of macular degeneration have fueled high public interest in
the health benefits of lutein and zeaxanthin and the proliferation of supplements containing them on pharmacy
shelves. An understanding of the biologic consequences of limiting or supplementing with these carotenoids is only
beginning to emerge. Some epidemiologic evidence supports a role in eye disease and, to a lesser extent, cancer
and cardiovascular disease. However, the overall body of evidence is insufficient to conclude that increasing levels
of lutein and zeaxanthin, specifically, will confer an important health benefit. Future advances in scientific research
are required to gain a better understanding of the biologic mechanisms of their possible role in preventing disease.
Additional research is also required to understand the effect of their consumption, independent of other nutrients
in fruits and vegetables, on human health. The newly advanced ability to measure levels of lutein and zeaxanthin

in the retina in vivo creates a unique opportunity to contribute some of this needed evidence.
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Lutein and zeaxanthin belong to the large class of plant
pigments referred to as carotenoids. They are more polar than
many other carotenoids, due to the presence of hydroxyl
groups on the cyclic ring structure. Unlike the provitamin A
carotenoids (a- and B-carotene and cryptoxanthin), they can-
not be converted to vitamin A. Their presence in tissues is due
entirely to ingestion of plant sources; they are not synthesized
by animal tissues. However, a variety of metabolites may be
found in animal sources, and several exist in human blood and
milk (1).

Lutein and zeaxanthin are present in a wide variety of fruits
and vegetables (2) and impart a yellow color to the plants they
are found in, such as corn. Their concentration is particularly
high in leafy green vegetables such as spinach, collards and
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kale (2). They are also present in some animal products such
as egg yolks (3) due to plant products eaten by animals.
American adults, on average, consume ~1-2 mg lutein/d (4).
Levels of intake vary considerably across individuals and pop-
ulation subgroups. For example, levels of intake are particu-
larly high among African-Americans, who average 3 mg /day,
compared with Caucasians and Hispanic-Americans, who
consume one half that level, on average (4). Currently there is
speculation that consuming higher levels of these carotenoids
leads to higher levels in body tissues, particularly in the eye,
and that this may confer health benefits that lower the risk of
chronic disease. An overview of current scientific evidence to
evaluate this is presented below.

Abundance and distribution in blood and tissues

Clues regarding biologic roles of lutein and zeaxanthin in
health and disease may be gained with an understanding of the
abundance and distribution in tissues and the variation in
abundance across species. Below, the current knowledge of the
levels of these carotenoids in blood and tissue is described.

Serum. Lutein and zeaxanthin are major serum carote-
noids, along with B-carotene, a-carotene and lycopene (5).
Median serum concentrations of lutein and zeaxanthin in
American adults, in the Third National Health and Nutrition
Examination Survey (NHANES III), ranged from 0.19 wmol/L
in the lowest quintile to 0.79 umol/L in the highest quintile
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(4). Dietary intake of foods rich in these carotenoids has been
shown to influence serum concentrations in a positive manner
(6-9). However, individual variation in serum response to
increased intake has been observed (6,8) and may be due to
factors such as varying rates of absorption and tissue uptake.
Factors that influence bioavailability are described in detail in
a separate manuscript in this issue by Zaripheh and Erdman
(10).

Tissue. Lutein and zeaxanthin have also been shown to
be major carotenoids found in body tissues (11,12). Levels of
these hydroxycarotenoids vary widely across tissues. Reported
concentrations of lutein and zeaxanthin are often highest in
ocular tissue. In the inner retinal layer, concentrations can
range from 0.1 to 1.0 pmol/mm? in tissue (13-15). Mean
concentrations in the human cataractous lens are 44.1 (SEM
15.1) ng/g lens wet weight for the epithelial/cortical layer and
15.1 (4.4) ng/g lens wet weight for the nuclear layer (16).
Liver lutein/zeaxanthin concentrations are often high, but
vary widely from O to 16.2 nmol/g (10-13). Other tissues that
sometimes have relatively high levels include adrenal, adipose,
pancreas, kidney and breast (11,12,17). Levels are often re-
ported to be lower in the lung, spleen, heart, testes, thyroid,
ovary and skin (11,12,17,18).

The proportion of total carotenoids in tissue comprised of
lutein and zeaxanthin varies as well. Macular pigment in the
human retina, unlike other tissues, contains only lutein and
zeaxanthin to the exclusion of other carotenoids (19-21), and
the lutein/zeaxanthin concentration (1 mmol/L) is ~500-fold
higher than the concentration in other tissues (2 umol/L)
(22). Lutein and zeaxanthin represent a large proportion of
total carotenoid in some tissues, such as adipose (44%), in
which lower proportions of lycopene (39%) and B-carotene
(11%) have been reported (11). The proportion of these
carotenoids reported in other tissues is minor. For example, in
the adrenal, zeaxanthin (with lutein) accounted for ~5% of
total carotenoids compared with lycopene (63%) and B-caro-
tene (28%) (11). These disproportionate concentrations of
lutein and zeaxanthin among tissues may indicate selective
tissue uptake, possibly producing clues to their biological role
(11).

There are distinctive patterns in the distribution of lutein
and zeaxanthin within tissues. In the macula of the eye, the
concentration of these carotenoids is greatest in the center and
declines with increasing eccentricity (13-15,23). An average
mass (SD) per unit retinal area was reported to be 1.33 (4.3)
ng/mm?” at the foveal center compared with 0.81 (0.25) ng/
mm? with increasing eccentricity of 1.6-2.5 mm (13). Zeax-
anthin is more prominent in the inner macula, averaging 60%
of the total. As eccentricity increases away from the fovea,
lutein becomes the dominant carotenoid. Reported ratios of
lutein:zeaxanthin in the peripheral retina have been between
2:1 and 3:1 (13,14). The distribution of lutein and zeaxanthin
in the retina suggests a possible role for lutein in protecting the
rods that are concentrated in the peripheral retina (24) and for
zeaxanthin in protecting the cones that are concentrated in
the central retina (13).

Metabolites of lutein and zeaxanthin have been identified
in human blood and tissues (1); however, the sources and
function are largely unknown. A prevalent isomer in human
retina, mesozeaxanthin, may be metabolized from dietary lu-
tein (21) or may be due to the its ingestion because this
metabolite has been identified in some foodstuffs (25).

Tissue concentrations of lutein and zeaxanthin vary widely
across individuals. The greatest abundance of information
regarding intraindividual variation in tissue concentrations
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exists in eye tissues. In the macula of the eye, Bone et al. (26)
observed wide variability in levels of these carotenoids in 112
eyes obtained from autopsy. Median lutein/zeaxanthin con-
centrations in the central retina in quartile 1 vs. 4 were 2.05
and 9.08 pmol/mm?, respectively. In more peripheral areas of
the retina, variations in concentrations across individuals also
existed, and were inversely related to having a history of
macular degeneration, as were levels in the central retina.

The level of variation across individuals may reflect both
diet and genetic factors. The premise that diet will influence
lutein and zeaxanthin concentrations is supported by several
investigators who have reported increases in macular pigment
density with feeding of foods (6) or supplements (7,27) rich in
these carotenoids. Genetic determination of macular pigment
is supported by correlations between macular pigment density
and eye color (28) and by the similarities in macular pigment
density across some monozygotic twins (29). However, the
magnitude of these influences of diet and genetics on tissue
levels in the retina is largely unknown.

Possible roles in protection against disease

Types of scientific evidence. A strong body of evidence to
support a role of a nutrient or food component in the delay of
chronic disease requires scientific data of a variety of different
types to establish the protective role “beyond a reasonable
doubt.” The overall strength of the body of evidence can be
used as a guideline in setting recommendations and against
which to weigh the possible costs (financial, health) of con-
suming higher levels of a nutrient in food or supplements.
Some of the nine criteria that were proposed by Hill (30) in
the 1960s as guidelines for demonstrating causal relationships
of certain exposures to disease are useful in evaluating the
strength of evidence that lutein and zeaxanthin protect against
disease. The following modifications of Hill’s list are proposed
as important criteria to establish strong evidence for a causal
role of lutein and zeaxanthin in protection against chronic
disease: 1) Biologic plausibility. Evidence is required to support
a known biologic mechanism by which lutein and zeaxanthin
might protect against disease. Biologic plausibility is stronger
with additional experimental evidence for protection demon-
strated in animal models or cell culture. 2) Consistency of
relationships across human populations and study designs.
This lowers the likelihood that observations of protective
relationships that are observed reflect biases associated with a
particular study design, study sample or confounding factors
that were either unmeasured, poorly measured or unknown. 3)
Temporality. The evidence for the hypothesized protective
effect of a carotenoid against the development of disease is
strengthened when levels of the carotenoid in the diet or body
are measured before the onset or worsening of disease. Such
evidence, provided by prospective studies and clinical trials,
rules out the possibility that diets or body levels low in lutein
or zeaxanthin are a consequence of the conditions rather than
an antecedent event. 4) Strength of the relationship between
level of intake and risk for disease. Strong relationships, indi-
cated by large odds ratios or relative risks, like consistent
findings, reduce the likelihood that observations are due to
unknown or unmeasured factors. Strong relative risks also
indicate that the protective benefit is important. 5) Specificity
of the relationships observed to lutein and zeaxanthin, rather
than other aspects of diet or life style that accompany the
intake of foods rich in these carotenoids is challenging to
demonstrate. However, such evidence can be determined sys-
tematically in large prospective studies. One can rule out
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alternate explanations in subgroups that have and do not have
diet or life style correlates that might explain a protective
effect. Randomized clinical trials can also provide evidence for
a specific effect of lutein and zeaxanthin under specific con-
ditions and time periods. Below, the degree to which these
criteria are satisfied by the current body of literature are
considered in an overview of the scientific evidence that lutein
and zeaxanthin may protect against a variety of chronic dis-
eases.

Evye diseases. There is evidence (summarized below) that
suggests that lutein and zeaxanthin may reduce risk for devel-
oping the two most common eye diseases in older people, i.e.,
cataract and macular degeneration. There is also the untested
possibility that lutein and/or zeaxanthin may slow progression
once these conditions are present. In addition, lutein may slow
degeneration of vision in patients with retinitis pigmentosa, a
heterogeneous group of slow retinal degenerations. However,
only preliminary data in a very small number of patients have
been published in which lutein slowed vision loss associated
with retinitis pigmentosa in one (31) but not another study
(32).

The biologic plausibility that lutein and zeaxanthin protect
against the development of cataract and macular degeneration
is supported by the fact that they have chemical properties
that may retard the pathogenic mechanisms that are thought
to promote these degenerative conditions. Oxidative stress is
high in the eye due to the intense light exposure and the high
rate of oxidative metabolism in the retina. It is thought to
contribute to age-related damage that may promote cataract
(33) and macular degeneration [previously reviewed by Mares-
Perlman and Klein (34)]. The antioxidant properties of lutein
and zeaxanthin, recently reviewed by Young and Lowe (35),
may reduce the degree to which oxidative damage promotes
these diseases or may minimize the damage due to oxidative
stress by limiting the degree to which oxygen penetrates mem-
branes (36). However, Krinsky (37), in a separate manuscript
in this issue, cites the lack of direct evidence for antioxidant
protection of these carotenoids in vivo. Because these caro-
tenoids absorb blue light, they may reduce photochemical
damage that would otherwise occur in the retina when ex-
posed to light of these wavelengths (38). It has been suggested
that exposure of the retina to light can promote the develop-
ment of macular degeneration (39). Light exposure can also
increase the production of free radicals in the lens and retina
(40). However, epidemiologic data to support a damaging role
of light in macular degeneration is inconsistent (41), although
this may reflect the difficulty in capturing actual light exposure
over many years in people studied to date.

At present, there are very limited data in animals or cell
culture that demonstrate a role of lutein and zeaxanthin in
protection against eye disease. In addition to being a relatively
new field of inquiry, there are few opportunities to investigate
the biologic roles of these carotenoids in age-related diseases in
animal models. One reason is that only primates have the
anatomical feature of a macula, the part of the human retina
that is responsible for central vision and fine detail. It is not
possible to study the role of carotenoids in macular degener-
ation in experimental animals such as rodents who do not
have a macula. In monkeys fed diets devoid of plant pigments
for several years, levels of these pigments in the macula dis-
appear and retinal abnormalities that resemble age-related
degenerative changes in humans (drusen accumulation) ap-
pear (42). Another potential animal model with which to
study the protective effects of lutein and zeaxanthin on the
retina is the quail. Quail retina, like the primate macula, is
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dominated by cone photoreceptors and concentrates lutein
and zeaxanthin. Preliminary studies indicate an inverse corre-
lation between the level of zeaxanthin in quail retina and
light-induced retinal cell death (43).

Although many experimental animals do have lenses, per-
mitting study of the influence of diet on cataract, the levels of
lutein and zeaxanthin in the lenses of experimental animals is
unknown. Because of the large differences in the accumulation
of carotenoids across different species, it cannot be assumed
that experimental animals accumulate lutein and zeaxanthin
in their ocular lenses, like humans. Evidence of the levels of
lutein and zeaxanthin in the lenses of experimental animals is
needed. Also needed, is evidence that dietary lutein and
zeaxanthin influence levels of these carotenoids in lenses of
experimental animals or humans.

Epidemiologic studies are required to document the rele-
vance to human disease and to provide insights about the
potential importance of lutein and zeaxanthin in reducing risk
for these conditions. Some epidemiologic evidence does sup-
port a protective role for lutein against the development of
macular degeneration, the leading cause of blindness among
older people in Western countries. Lower risk for macular
degeneration has been associated with the consumption of
food sources of these carotenoids (44), with overall level of
lutein and zeaxanthin in the diet (4,45) or with higher levels
of these carotenoids in the blood (46) or retina (26,47).
However, in several studies, these associations were not ob-
served (48-51) or were observed only in population subgroups
(4). These inconsistencies may reflect a true lack of protection.
Alternatively, they may reflect limitations in the study designs
used or limitations of the protection to certain stages of the
disease or particular types of people (for example, people who
are genetically predisposed.) If consistent relationships in
larger studies or certain population subgroups emerge, then
clinical trials may be able to add to the strength of the
evidence by further defining the specificity of the relationship
to lutein and/or zeaxanthin and further refining a time course
of a protective influence.

The epidemiologic evidence to support the possibility that
lutein and zeaxanthin have an important role in reducing risk
of cataract in humans is somewhat consistent. Lower preva-
lence of nuclear cataract in women (52) or men (43) was
associated with intakes of lutein and zeaxanthin in high,
compared to low quintiles. Furthermore, in three prospective
cohort studies (54-56), people in the highest quintile for the
intake of these carotenoids has a 20%-50% lower risk of
having cataract extractions (55,56) or of developing nuclear
cataract (54). Levels of lutein in blood, although inversely
related to the onset of nuclear cataracts in a subgroup of one
of the above studies (57) were not significantly related to
having nuclear cataracts. However, the statistical power of this
observation was limited by the small sample size. Additional
epidemiologic studies that demonstrate consistency of associ-
ations across populations and further evaluate the strength of
the association are warranted. Evidence is also needed to prove
that the findings are, specifically, due to the intake of lutein
and zeaxanthin, rather than other aspects of diet or life style
that are more common in people who eat diets rich in these
carotenoids. Thus, there is emerging, but currently insufficient
evidence to support the possibility that lutein and zeaxanthin
promote eye health.

Lutein and zeaxanthin may play a role in the health of
other body tissues, as well. Although these relationships are
largely unexplored, there is the possibility that lutein, together
with other carotenoids, may protect against cancer, cardiovas-
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cular disease and other conditions that may involve the im-
mune system.

Immune function. Research on the immunomudulatory
influence of lutein and zeaxanthin suggests that these hydroxy-
carotenoids may lessen development of other diseases of com-
promised immunologic status. Whether lutein may enhance
monocyte function by increasing the number of surface mol-
ecules expressed by monocytes has been investigated (58).
Although results of some previous research indicated that
B-carotene had such an effect, lutein did not elicit a similar
response (58). Other studies support the hypothesized im-
mune-enhancing effects of lutein. Kim et al. (59) showed that
supplementation with lutein can elicit an enhancement of an
immune response in cats. No epidemiologic studies have yet
investigated the relationships between lutein and immuno-
logic markers, (e.g., cytokines, lymphocytes, C reactive protein
or neopterin); thus, the potential importance of this possible
health benefit is unknown.

Cancer. Carotenoids singly or in combination could lower
cancer risk by their ability to scavenge free radials, to be
antimutagenic, to protect against tumor development and to
improve immune response. Lutein and B-carotene quench
peroxy radicals and demonstrate antioxidant properties against
oxidative damage in vitro (60,61). Plasma lutein analyzed from
37 women correlated inversely with measured oxidative indi-
ces (62). It has been shown in vitro, using multilamellar
liposomes, that carotenoids in combination elicit a greater
antioxidant defense than singularly. The presence of lutein or
lycopene produced the strongest synergistic effect (63).

Lutein may be anticarcinogenic as well. This is suggested by
its ability to interact with the mutagens 1-nitro pyrene and
aflatoxin B, (64,65). Lutein may also exert an anticarcino-
genic effect by stimulating certain genes involved in T-cell
transformations activated by mitogens, cytokines and antigens
(66).

Investigation into lutein’s protection against site-specific
cancers is beginning to evolve in epidemiologic studies and
animal models. No associations have been detected between
plasma lutein and zeaxanthin concentrations and gastric can-
cer (67). Slattery et al. (68) detected an inverse association
between dietary lutein intake and colon cancer in men and
women. The reduction in risk was significant only in those
who were diagnosed with colon cancer at a younger age (68).
Xanthophyll esters are found in human skin (18). A combi-
nation of carotenoids may protect against the development of
erythema in human skin (69) and are correlated with the
presence or absence of skin cancer and precancerous lesions
(68). The specific effects of lutein on skin cancer are yet to be
determined.

Past research has shown modest relationships between the
consumption of nutrients found in carotenoid rich foods, such
as -carotene and vitamin A, and a reduced risk of breast
cancer (71-73). Focus on the potential protective effects of
lutein on developing breast cancer has evolved only recently.
Recent research in mice showed that low levels of dietary
lutein at 0.002 and 0.02% of the diet inhibited mammary
tumor incidence, growth and latency (74). Lutein has been
shown to induce apoptosis in transformed but not normal
human mammary cells and to protect normal cells from apo-
ptosis induced in cell culture (75). Research in population
studies is growing. Freudenheim et al. (76) showed that the
intake of carotenoid-rich foods, specifically vegetables, as well
as lutein and zeaxanthin, is significantly associated with a
lower risk for premenopausal breast cancer. In a case-control
study, increasing serum levels of lutein and zeaxanthin were
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related, in a dose-dependent manner, to the decreased risk of
breast cancer, but the trend was only marginally significant
(77). A decreased risk of cancer was associated with increasing
levels of breast tissue lutein and zeaxanthin concentrations in
women with breast cancer compared with women with benign
breast biopsies, but the association was not significant (17). In
the Nurse’s Health Study, Zhang et al. (78) found a weak, but
significant, inverse association between lutein and zeaxanthin
intake and risk of breast cancer among premenopausal women.
The protective effect of lutein and zeaxanthin on breast cancer
was strongest among women with a family history of breast
cancer. In a nested case-control study from the prospective
New York University Women’s Health Study, Toniolo et al.
(79) found an inverse association between plasma lutein, but
not zeaxanthin, and risk of breast cancer. However, plasma a-
and B-carotene were also significantly related to a decrease in
risk. Other case-control studies have shown no differences in
breast adipose tissue concentrations of lutein and zeaxanthin
between women with benign breast tumors and those with
breast cancer (80).

Despite evidence for specific benefits of lutein and zeaxan-
thin in protection against cancers, questions remain whether
the hypothesized protective effects of serum carotenoids are
not a direct result of carotenoid intake but serve rather as a
marker for fruit and vegetable intake. Many components of
whole fruits and vegetables may be protective, not merely
specific carotenoids. In a study by Collins et al. (81), DNA
damage was assessed from lymphocytes of volunteers supple-
mented with B/a-carotene, lutein, lycopene or placebo. Oxi-
dized pyrimidines correlated inversely with total serum caro-
tenoids, lutein and B-carotene in basal measurements.
Supplementation with carotenoids did not significantly de-
crease the measured DNA damage. This supports the notion
that some other component of fruits and vegetables may be the
effective agent in preventing oxidative damage and that serum
carotenoids are merely markers for fruit and vegetable intake.
Thus, a specific benefit of lutein and zeaxanthin, independent
of other components of fruits and vegetables has not yet been
demonstrated in humans. Nevertheless, those carotenoids may
be two of the many components of fruits and vegetables that
help to protect against cancer.

Heart disease and stroke. Several papers have investi-
gated the potential protective mechanisms of carotenoids,
such as lutein, on cardiovascular risk. Lutein and other carot-
enoids have been shown to act as antioxidants, scavenging
peroxynitrite in vitro (82). Martin et al. (83) showed that
lutein was effective in reducing the adhesion molecules on the
cell surface of confluent human aortic endothelial cells, a
necessary modulation of the vasculature in the pathogenesis of
atherosclerosis. Lutein inhibited the adhesion of monocytes in
one in vitro artery model (84) but not another (83). Lutein
supplementation in apo-E-null mice reduced the size of ath-
erosclerotic lesions (84).

Associations have been found between individuals in the
highest serum or dietary lutein levels and lower rates of coro-
nary heart disease (82) or stroke (83). In two epidemiological
studies, individuals with the highest serum levels of lutein plus
zeaxanthin had a significantly reduced risk of coronary heart
disease as measured by carotid intima thickness (84,85). Intake
of green leafy vegetables was associated with a significant
reduction of incident ischemic stroke in the Nurse’s Health
and Health Professionals Follow-up Study combined (86).
Whether these observed associations reflect an independent
role for these hydroxycarotenoids in foods or a synergistic role,
in combination with the other antioxidants and phytochemi-
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cals also found in these foods, is not known. Additionally, it is
difficult to distinguish whether low serum carotenoid levels are
a cause or risk factor for cardiovascular disease or a reflection
of increased lipoprotein density and/or inflammation (87).
Thus, the epidemiologic evidence for a protective role of
lutein, specifically, is limited.

Summary. Advances in the ability to measure the levels of
specific carotenoids in foods and tissues have led to the accu-
mulation of evidence, in the past decade, that lutein and
zeaxanthin may promote health and protect against chronic
disease. The evidence for a role in eye health is strongest, due
to their exclusive presence in ocular tissues and the number of
epidemiologic studies that have been conducted to date. Yet,
the overall body of evidence is currently insufficient to con-
clude that a health benefit exists, even in preventing age-
related eye disease. There is also the possibility that lutein and
zeaxanthin act together with other carotenoids and phyto-
chemicals to promote health of many body tissues. This area of
research is only beginning to evolve.

Future directions

We can expect to gain a better understanding of a protec-
tive role of lutein and zeaxanthin against chronic disease in
the future. One reason is the existence of several ongoing
prospective studies in which epidemiologic associations be-
tween lutein and zeaxanthin in the diet and the occurrence of
disease can be evaluated further. Also, the frequent inter-
change of information in this field between basic and epide-
miologic scientists in jointly attended symposia and in jointly
read scientific journals seeds future research advances. Many
insights into needs for future research and interpreting the
current state of the science were gained in the presentations
within this symposium and multidisciplinary discussion that
followed.

In this issue, we also gain insights about the ability to
quantitate levels of lutein and zeaxanthin in the retina (88).
This suggests the possibility that these measurements may be
useful in the future as a biomarker of lutein availability. This
ability to estimate the quantity of lutein and zeaxanthin in the
retina in a noninvasive manner provides a useful tool that is
not available in investigating the role of other nutrients
against chronic disease. Currently, the validity of this mea-
surement as a biomarker of lutein and zeaxanthin availability
is unclear and is being investigated. Observations of increases
in macular pigment with the feeding of these carotenoids in
foods (6) or supplements (7,27) are supportive of the use of
levels in the retina as a biomarker of exposure. However, in
the several small studies conducted to date, the relationships
between levels in the diet and macula are small and inconsis-
tent (8,29,89). These early results may reflect measurement
error in the estimation of dietary lutein. They may also reflect
needed improvements in the technique to estimate retinal
carotenoid levels by reducing the variability of measurement
within individuals and capturing the variability among people.

The usefulness of retinal macular pigment density determi-
nations as a biomarker of lutein and zeaxanthin bioavailability
will also be enhanced by the ability to understand, measure
and adjust for factors that influence the levels of these carot-
enoids in the retina. Several studies suggest that smoking
(28,89-91), body fat (8) and genetic factors (eye color)
(29,89-91) are correlated with the level of macular pigment.
Further investigations of these associations, just beginning in
larger populations, will provide further insights about the
other determinants of retinal lutein and zeaxanthin. These
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results can improve our ability to use estimates of carotenoid
levels in the retina as a biomarker of exposure. Application of
this technology may eventually enhance the degree to which
we will be able to progress in understanding relationships of
lutein and zeaxanthin to eye disease and, perhaps, to other
chronic diseases.
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