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It is well established that a 
balanced, nutrient-rich diet 
and regular exercise are benefi-
cial for overall human health as 
well as for ocular health. There 
is a growing interest in preven-

tive nutrition and in identify-
ing the best dietary approaches 
for disease modification and 
for achieving optimal health. 
But the large quantity—and 
in some cases, low quality—of 

information makes it difficult 
for clinicians to know what to 
recommend for their patients. 
Eat more carrots? Take supple-
ments? And if so, which ones?
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tion in maintaining retinal function and preventing 

the progression of age-related macular degeneration 

(AMD), our knowledge is perhaps not so clear. To com-
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erature in an effort to better their understanding of the 

ocular benefits of specific nutrients.

As the final installment of this algorithms series, 
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of ocular surface disease states and focuses on ocular 

nutrition, with a specific look at how diet and nutri-

tional supplementation can improve visual function, 

particularly in the intervention of AMD.
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Academy of Sciences publishes 
a recommended dietary allow-
ance (RDA) for vitamins and 
minerals that is included on 
food labeling. The RDA, which 
originated in post-World War 
II efforts to prevent signifi-
cant deficiency-related disease, 
incorrectly assumes a fairly bal-
anced diet that is not overly 
high in sugar, simple carbohy-
drates, saturated fats, trans fats 
and other destructive elements. 
The RDA is likely far from 
adequate for basic health, let 
alone optimal performance.

In this monograph, we hope 
to clarify the research on the 
ocular benefits of specific nutri-
ents and the state of the pub-
lished literature on nutritional 
supplementation for ocular 
health. Specifically, we will 
address disease modification in 
age-related macular degenera-
tion (AMD), for which supple-
mentation is now standard of 
care for certain groups.

Some of the key nutrients 
for ocular health include the 
antioxidant vitamins A, C and 
E, as well as the carotenoids 
lutein and zeaxanthin; the min-
erals zinc and selenium; and 
omega-3 fatty acids.

Antioxidant Vitamins
Vitamin C. Vitamin C, or 

ascorbic acid, is the major 
extracellular water-soluble anti-
oxidant. It functions within a 
complex antioxidant network, 
regenerating vitamin E and 
glutathione. It is critical to sys-
temic health. While most other 
mammals can convert sugar 
to ascorbic acid, humans must 
obtain direct sources of ascor-
bic acid from the food supply.

The leading source of vita-
min C in the American diet is 
orange juice, which—like many 
other foods in our society—is 
high in glucose. Glucose shares 
the same cellular transport with 
vitamin C and competes with 
it for absorption. Therefore, 
the more glucose in the diet, 
the higher the need for vitamin 

C. Better sources of vitamin C 
include whole citrus fruits, leafy 
greens, peppers, and broccoli.

Many experts recommend 
a daily vitamin C intake of 
at least 250-500 mg, which 
would require 9 to 13 fruit 
and vegetable servings daily. 
The upper end of this range is 
nearly impossible to obtain and 
even the lower end of the range 
requires a concerted effort. The 
more typical 3-serving consump-
tion leaves most Americans 
mildly deficient in vitamin C.

Vitamin C is actively trans-
ported into the eye and is 
highly concentrated in all 
ocular tissues, including the 
cornea, aqueous, vitreous, and 

retina. In fact, ocular tissue 
concentrations of vitamin C are 
10–20 times higher than serum 
concentrations.

Most people recognize vitamin 
C as beneficial; supplementation 
is relatively common.

This water soluble substance 
is best taken throughout the 
day as it only has a half life of 

30 minutes. It appears to be 
safe, even at high doses.

Vitamin E. The major 
cell membrane antioxidant is 
vitamin E, of which there are 
eight different forms. The iso-
mer alpha-tocopherol is the 
most studied by the National 
Institutes of Health (NIH). In 
addition to limiting free-radical 
damage, these fat-soluble anti-
oxidants play a role in immune 
function and metabolic pro-
cesses. They are found primar-
ily in nuts, seeds, and vegetable 
oils. Other food sources of 
vitamin E are sardines, avoca-
dos and eggs.

Vitamin E builds up in high 
concentrations in the retinal 

FAQ

Q: If patients are taking an ocular-specific vitamin, is 
there still a role for a general multi-vitamin?

A: Probably yes. About 70% of the AREDS subjects were 
also taking Centrum multi-vitamins during the study, 
and these subjects appeared to have a decrease in overall 
mortality. The study demonstrated a benefit from the high-
dose  antioxidants and zinc regardless of whether a multi-
vitamin was taken. It is important for patients to realize 
that quantity matters. A multi-vitamin, on its own, does 
not provide sufficient amounts of key ocular nutrients, but 
it may be a useful adjunct for general systemic health.
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pigment epithelium (RPE) of 
the parafovea. Along with the 
mineral selenium, it helps to 
cleanse the RPE cells. People 
with higher dietary intake 
of vitamin E have a lower 
risk of developing AMD.1,2 
Supplementation with high 
levels of antioxidants, including 
vitamin E, has been shown to 
slow progression of AMD,3 but 
there are fewer reports of the 
benefits of vitamin E supple-
mentation alone. In one large-
scale randomized trial of female 
health professionals, long-term 
alternate-day use of 600 IU of 
vitamin E had no significant 
effect on AMD risk.4 

Taking large doses of vita-
min E with anticoagulant 
medications such as warfarin 
(Coumadin) has the remote 
potential to increase the risk of 
bleeding, especially in conjunc-
tion with low vitamin K intake. 
Vitamin E has also been asso-
ciated with an increased risk 
of heart failure in people with 
established, severe vascular dis-
ease or diabetes.5 

Vitamin A. Vitamin A is 
essential for many systemic pro-
cess, including bone growth, 
cell division and differentiation, 
and immune function. In the 
retina, it is converted to rho-
dopsin for rod vision or pho-
topsin for cone vision; hence 
the adage that eating carrots (a 
source of one form of vitamin 
A) is good for the eyes.

Dietary vitamin A is avail-
able from both animal and 
plant sources. It is absorbed in 
the form of retinol from liver, 
whole milk, and some fortified 
food products. Beta-carotene 
and a few other carotenoids 

from colorful fruits and veg-
etables can also be made into 
retinol in the body. With age, 
beta-carotene is less readily 
converted to vitamin A. In 
addition, if the liver stores of 
vitamin A are sufficient, there 
is no impetus for the body 
to convert additional beta 
carotene to vitamin A, and it is 
instead stored under the skin.

Diets high in beta-carotene 
reduce the risk of AMD1,6 and 
supplementation with high-
dose antioxidants including 
beta-carotene has been shown 
to reduce the risk of progres-
sion to advanced AMD.3 
However, supplementation 
with beta carotene alone can 

cause a number of problems, 
ranging from an orange skin 
tone to liver or kidney dys-
function. Several studies have 
now shown an association 
between supplemental beta-
carotene and an increased risk 
of lung cancer in smokers7–9 or 
an increase in mortality with 
beta-carotene supplementa-
tion.10 Eating diets rich in 
beta-carotene, however, does 
not increase the risk of lung 
cancer.11 

High levels of beta-carotene 
vitamin A can also compete 

with other fat-soluble nutrients 
such as vitamin D and the xan-
thophyll carotenoids (lutein and 
zeaxanthin) for cell transport.

Xanthophyll Carotenoids. 
There are hundreds of carot-
enoids beyond beta-carotene. 
The most prevalent in the 
U.S. diet is lycopene, which is 
found in tomatoes and tomato 
sauce-based foods. Lycopene 
is important for retinal health, 
but is already present at 
healthy levels in most people.

Of greater interest are the 
macular pigment or xantho-
phyll carotenoids, lutein and 
zeaxanthin, which are defi-
cient in the U.S. diet. Lutein 
is found naturally in leafy 

green vegetables and eggs. 
Zeaxanthin is found in orange 
and yellow peppers and certain 
berries, such as goji berries, 
that aren’t commonly eaten in 
Western society.

Carotenoids in general are 
crucial for skin, retinal, and 
crystalline lens health. Lutein 
and zeaxanthin, in particular, 
are found in high concentra-
tions in the macula, where 
they help to filter blue light to 
sharpen vision, enhance con-
trast, and reduce glare. The 
additional antioxidant capa-

Tip

Because chickens are fed lutein and zeaxanthin to 
make their egg yolks more yellow, eating commercially 
raised eggs (preferably free-range) is one way to add 
these nutrients to the diet. The fat in the eggs also pro-
motes absorption of lutein.
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bilities of these xanthophylls, 
combined with their ability 
to trap short-wavelength light 
may serve to protect the outer 
retina, RPE, and choriocapil-
laris from oxidative damage.12 

Like all carotenoids, lutein 
and zeaxanthin are fat-soluble, 
so they require dietary fat 
for absorption and transport. 
Too much adipose body fat, 
though, inhibits transport of 
lutein and zeaxanthin—storing 
the nutrients in the fat tissue 
instead. Women and obese 
people, therefore, will have 
higher requirements for xan-
thophyll intake compared to 
men and thinner individuals.

A number of observational 
studies have indicated that 
dietary lutein and zeaxanthin 
may have a protective effect 
against AMD.13–18 Higher vs. 
lower intake of dietary lutein, 
for example, reduced the risk 
of AMD by 43% to 57%.13,14 

There is also an association 
between xanthophyll con-
centrations in the retina and 
AMD. Bone showed an 82% 
lower risk of AMD with higher 
concentrations of lutein and 
zeaxanthin in the retina.19 
Conversely, average levels 
of lutein and zeaxanthin are 
32% lower in eyes with AMD 
than in normal elderly control 
eyes.20 Oral supplementation 
does increase the concentration 
of these macular pigments in 
the retina.20–23

Minerals
Zinc. Zinc is an antioxidant 

mineral that is important in 
many functions, including 
taste, smell, vision, growth 
development, DNA-RNA 

synthesis, wound healing, cell 
division, and cell repair. Of 
importance for the eye, zinc 
mobilizes vitamins A and E 
from the liver so they can be 
transported to the retina.

Oysters provide the highest 
concentration of dietary zinc. 
Other dietary sources include 
red meats, nuts (especially 
cashews), some poultry, and 
fortified cereals. Because iron 
and zinc compete, and carbo-
hydrates in the United States 
are also fortified (by law) with 
iron, the RDA for zinc is very 
difficult to obtain through diet 
alone, so supplementation is 
recommended. The upper limit 
for safe supplementation is
40 mg/day.

Dietary intake of zinc is 
inversely associated with inci-
dent AMD.1 Supplementation 
appears to provide significant 
benefits: In the Age-Related 
Eye Diseases Study (AREDS) 
the reduction in risk of pro-
gression to advanced AMD in 
patients with moderate AMD 
at enrollment was about 21% 
for those taking zinc supple-

ments only, comparable to 
taking all of the other AREDS 
ingredients in combination.3

There are some known 
adverse effects with higher 
levels of zinc supplementa-
tion, including an increase in 
urinary tract infections3,24 and 
decreased copper absorption. 
Zinc may be associated with 
cognitive function, although 
no clear association between 
zinc and Alzheimer’s has ever 
been found.

Because of the copper defi-
ciency associated with zinc sup-
plementation, small amounts of 
copper are often added to zinc 
supplements. Otherwise, cop-
per is generally not a desirable 
supplement, as it is a known 
oxidant that builds up in the 
RPE, where it enhances vascu-
lar endothelial growth factor. 
Copper plumbing ensures that 
most Americans get plenty of 
this mineral from their water 
supply alone.

Selenium. Selenium is 
another mineral cofactor for 
antioxidant enzymes that fight 
oxidative damage. It works 

Tip

CONSIDERING CONTRAINDICATIONS

• Before adding high doses of a potentially blood-thin-
ning supplement, such as vitamin E or omega-3s, to a 
patient who is on warfarin or other blood thinners, ask 
the patient to discuss the pros and cons with their cardi-
ologist or general practitioner. Note that AREDS2-type 
supplements are not considered high dosage. 

• For patients with kidney and/or liver dysfunction, 
use caution when recommending high levels of beta-
carotene or high doses of other supplements.
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with vitamin E to maintain 
RPE health and function. 
Brazil nuts and tuna are among 
the foods with the highest 
concentrations of selenium. It 
is typically most available from 
plant sources, but the amounts 
of selenium can vary widely 
depending on the soil in which 
the plants are grown. Other 
than in certain areas such as 
the northwestern plains, most 
Americans generally do not 
consume enough selenium. 
Selenium toxicity is rare.

Omega 3 Fatty Acids
Omega 3 fatty acids have tre-

mendous systemic anti-inflam-
matory benefits; in the eye, 
they support the photoreceptor 
membranes. 

They are usually consumed 
in the form of alpha lineolic 
acid (ALA), which metabo-
lizes down to polyunsaturated, 
longer-chain fatty acids known 
as eicosapentaenoic acid (EPA) 
and docosahexaenoic acid 
(DHA). These in turn metabo-
lize into the prostaglandin E3. 
The most important dietary 
source of EPA/DHA is fatty 
cold water fish, but fish con-
sumption is dismally low in 
the United States overall (and 
especially fatty, cold water fish 
consumption). There are veg-
etable sources of ALA (e.g., 
flaxseed oil), but the conver-
sion rate to EPA and DHA 
from these sources is much 
lower than from fish oil. 

Dietary consumption of 
omega-3 fatty acids is inversely 
related to the incidence of 
macular degeneration, with 
an increase in risk of AMD of 
between 45% and 75% for peo-

FAQ

Q: What is the best form of Omega 3? Essential fatty 
acid supplementation can be confusing. Should it come 
from flax seed or fish oil? How much do patients really 
need? What constitutes a “high quality” fish oil supple-
ment? Should they look for the triglyceride form or are 
the synthetic ethyl ester forms ok?

A: In fish, these compounds are present in the triglyc-
eride form. Both the “natural” triglyceride and the 
“synthetic ethyl ester” supplement forms are processed 
and distilled. When the fish oils are processed and 
molecularly distilled to make supplements, the fatty 
acid bond breaks apart, creating an ethyl ester. This is 
often called “synthetic fish oil.” For the triglyceride sup-
plements, an additional processing step re-attaches the 
triglyceride enzyme. Most of the studies confirming the 
benefits of fish oil over the past 15 years were conducted 
with the ethyl ester form.

One study showed more rapid absorption of the tri-
glyceride form, but over a 24-hour period, there is little 
difference in serum levels between these forms. Other 
research has indicated an advantage in absorption of 
the triglyceride form, but this small advantage can be 
overcome by maintaining a regular intake level of tra-
ditional ethyl ester fish oils.

The most important factor in choosing a fish oil 
supplement is the effective EPA and DHA content. In 
a 1000-mg capsule, it is possible to have only 180 mg of 
EPA and 120 mg of DHA—a total of 300 mg of the 
“good stuff”—with the rest just oil. The recommended 
1,000 mg means 1,000 mg of EPA/DHA. Patient 
education is important, because most patients under-
consume these supplements. The capsules are large; the 
clinician’s recommendations may not correspond to 
the package labeling; and different brands can have 
widely varying DHA/EPA content. It is often easier to 
provide a specific product so that you know patients are 
getting the right amount.

Flaxseed oil may be beneficial, but it is poorly con-
verted to EPA (especially in males) and therefore not 
the best source of omega-3.

Most people recommend 1,000 mg (1 g) or more 
daily for antioxidant and anti-inflammatory benefits. 
However, a recent paper noted that certain genetic sub-
sets need only about 300 mg per day. Genetics research 
may tell us more in the future about who is most likely 
to respond and whether mega-doses are really needed.
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ple with low dietary intake.25–29 
Most recently, the Women’s 
Health Study found that in a 
large cohort of women who 
did not have a diagnosis of 
AMD at baseline, regular con-
sumption of DHA/EPA and 
fish was associated with a sig-
nificantly decreased risk of inci-
dent AMD and may be of ben-
efit in primary prevention of 
AMD.30 Higher dietary intake 
of omega-3 fatty acids has also 
been associated with decreased 
incidence of dry eye in the 
Women’s Health Study.31

The only major concern with 
fish oil supplementation is the 
remote potential for interaction 
with warfarin, aspirin, high-dose 
vitamin E and polyphenols such 
as gingko biloba. For example, 
a 2004 case report described 
increased bleeding in a patient on 
warfarin on low-dose fish oil of 
1000 to 2000 mg/day (300 to 
600 mg EPA/DHA).32 However, 

a small randomized, controlled 
study conducted earlier found 
no significant effect on the anti-
coagulation status of patients 
receiving chronic warfarin therapy 
with fish oil doses of as much as 
3,000–6,000 mg per day.33 

Other Compounds. A bal-
anced diet includes many other 
nutrients that likely contrib-
ute to ocular health. Many 
Americans, for example, are 
deficient in vitamin D, which 
humans synthesize through the 
skin during sunlight exposure. 
While profoundly important 
for overall systemic health, 
studies of the ocular benefits of 
vitamin D are not definitive.

The B vitamins fulfill many 
systemic needs. The Women’s 
Health Study, with more 
than 5,000 patients, found a 
decreased prevalence of AMD 
among patients who were taking 
a folic acid/vitamin B complex 
supplement.34 B vitamins are 

also thought to play a role in 
the prevention of glaucoma by 
maintaining the myelin sheets 
surrounding the optic nerve.

The tripeptide glutathione is 
important because it regener-
ates both vitamin C and vitamin 
E. This sulphur-containing 
antioxidant, a small molecule 
that permeates all cells, cannot 
itself be digested by humans, 
but dietary sources of glutathi-
one precursors include pungent 
food such as onions and garlic. 
Glutathione is very highly con-
centrated in the anterior epi-
thelium of the crystalline lens. 
Any form of cataract, whether 
from radiation, drugs, malnutri-
tion or other etiology, includes 
a decrease in glutathione in 
the lens, and then subsequent 
opacification of the lens.35,36

These compounds warrant 
further research; there is not yet 
enough data to support ocular 
health-related recommendations.

It has been hypothesized 
that cumulative oxidative dam-
age to the retina and lens are 
key processes involved in the 
development of age-related eye 
diseases like AMD and cata-
ract. It makes sense, therefore, 
that nutrients with antioxidant 
effects could be used to pre-
vent or treat these conditions.

AMD
Dry AMD affects roughly 

85% to 90% of the more than 
10 million Americans over age 
55 with macular degeneration. 

Millions more are at risk for 
developing AMD. Risk factors 
include increasing age, female 
gender, genetic factors, smok-
ing, and high body mass index 
(BMI), among others.37 There 
is no cure and, left untreated, 
patients with AMD are at risk 
for progression and significant 
vision loss.

Beginning in 1992, research-
ers began looking specifically 
at the role of nutrition and 
nutritional supplementation 
in ocular health. The National 
Eye Institute-supported Age-

Related Eye Disease Study 
(AREDS), which enrolled near-
ly 5,000 patients between 55 
and 80 years old, was designed 
to learn more about the natu-
ral history and risk factors of 
AMD (and cataract) and to 
evaluate the effect of high 
doses of antioxidants and zinc 
on the progression of these 
diseases over 5 years or more.

The 3,640 AREDS subjects 
with at least early signs of 
AMD were classified by sever-
ity, from no AMD to advanced 
AMD. In each severity group, 
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subjects were randomized to 
receive antioxidants only, zinc 
only, antioxidants plus zinc, 
or placebo, with the dosage as 
described in Table 1. Subjects 
were followed for at least 5 
years; some reports now follow 
them out to 10 years. 

The results indicate that 
high levels of antioxidants and 
zinc significantly reduce the 
risk of advanced AMD and its 
associated vision loss in those 
with intermediate AMD or 
advanced disease in one eye 
(see Table 2). Given that 1.6 
million people fall into these 
risk groups, the public health 
impact of this magnitude of 
effect is enormous.

The supplements were not 
shown to have a significant 
effect on progression of ear-
lier stage AMD or on the 
development or progression 
of cataract. Category 1-2 
AMD patients have a low risk 
to begin with and may take 

longer than the course of 
the AREDS study to develop 
advanced disease. There have 
now been more than 30 pub-
lished reports from this trial. 

In 2006, the NEI launched 
AREDS2 to see if a modified 
combination (see Table 1) of 
vitamins, minerals, and fish oil 
can further slow the progres-
sion of vision loss from AMD. 
More than 4,000 subjects 
were randomized to one of 4 
groups: placebo, lutein/zea-
xanthin, DHA/EPA from fish 
oil, and lutein/zeaxanthin plus 
fish oil. In addition, subjects 
in all 4 groups were offered 
an AREDS-type antioxidant 
supplement as the standard of 
care. Participants who chose 
to take an antioxidant supple-
ment were further random-
ized to the original AREDS1 
formula or to one of three 
new formulas with low zinc, 
no beta-carotene, or low zinc 
and no beta-carotene. Smokers 

were randomized to one of the 
groups without beta-carotene. 
Finally, all subjects who were 
taking a daily multivitamin 
supplement were asked to 
replace it with Centrum Silver. 
Results are expected in 2013.

A number of other prospec-
tive studies have added to the 
evidence base for nutritional 
supplementation to modify 
disease progression in AMD:  

CARMIS (Carotenoids and 
Antioxidants in age-Related 
Maculopathy Italian Study). 
Randomized, controlled trial 
in 27 subjects with macu-
lopathy and reduced visual 
function. Short-term supple-
mentation with carotenoids 
and antioxidants, including 
lutein, zeaxanthin, and astax-
anthin resulted in significant 
improvement in central retinal 
function after 12 months of 
treatment.38

LAST/LAST II (Lutein 
Antioxidant Supplementation 
Trial). In both intervention 
groups, (10 mg lutein only and 
10 mg of lutein plus a broad-
spectrum vitamin and min-
eral supplement), visual acuity 
improved and macular pig-
ment optical density (MPOD) 
increased from baseline in 
patients with atrophic ARMD.39

Moreover, the highest increases 
in MPOD over time occurred 
in patients with lower baseline 
values of MPOD.

40

LUXEA (LUtein 
Xanthophyll Eye 
Accumulation) Study. In 
a randomized, prospective, 
controlled study, 6 months 
of daily supplementation with 
zeaxanthin, lutein, or a com-
bination of the two improved 

Table 1: AREDS and AREDS2 
Supplement Dosage (Daily)
   
   AREDS AREDS2
Vitamin A  28,640 IU None or 28,640 IU
(beta-carotene)
Vitamin C  452 mg 500 mg
Vitamin E  400 IU  400 IU
Zinc   69.6 mg 25 mg or 80 mg
Copper   1.6 mg  2 mg
Lutein      --  10 mg
Zeaxanthin     --  2 mg
Omega-3 fatty acids    --  1,000 mg
     650 mg EPA
     350 mg DHA
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mesopic contrast acuity and 
low-light visual performance.41 

TOZAL (Taurine, 
Omega-3 Fatty Acids, Zinc, 
Antioxidant, Lutein) Study. 
This study of short-term (6 
months) supplementation with 
antioxidants and omega-3 fatty 
acids provides evidence that 
such treatment can improve 
visual acuity. In the study, 77% 
of subjects experienced a gain 
in best-corrected visual acu-
ity (BCVA).42 The supplement 
includes 28,640 IU of Vitamin 
A, of which 18,640 is from 
natural food sources, 452 mg 
vitamin C, 200 IU of vitamin 
E, 69.6 mg of zinc, 1.6 mg 
of copper, 400 mg of taurine, 

180 mg EPA and 120 mg 
DHA, 8 mg of lutein, and
400 mcg of zeaxanthin.

ZVF Study (Zeaxanthin and 
Visual Function). In older male 
patients with AMD, zeaxanthin-
induced foveal macular pigment 
elevation mirrored that of lutein 
and provided complementary dis-
tinct visual benefits by improving 
foveal cone-based visual param-
eters, whereas lutein enhanced 
those parameters associated 
with gross detailed rod-based 
vision, with considerable overlap 
between the two carotenoids.43

Cataract
A number of studies have 

suggested that a diet high in 

antioxidants, particularly vita-
min C, might be protective 
against cataract.44–46 Recently, 
higher plasma concentrations 
of lutein and zeaxanthin were 
correlated with lower risk of 
cataract.47 

Not surprisingly, research-
ers have been interested in 
whether supplementation can 
delay or prevent cataracts. 
Several studies suggested that 
long-term use of vitamin E 
supplements might reduce the 
development or progression of 
age-related cataract48,49 and in 
the Physicians Health Study, 
men who took multivitamin 
supplements had a decreased 
risk of cataract.50 

Table 2: AREDS Key Results
 
 Antioxidants Antioxidants Zinc Only
 Plus Zinc Only

CATEGORY 1
No AMD  
A few small or no drusen

CATEGORY 2
Early AMD  
Several small drusen or a
few medium-sized drusen
in one or both eyes; <2%
chance of progression

CATEGORY 3
Intermediate AMD Reduced risk of Reduced risk of Reduced risk 
Many medium-sized developing advanced developing advanced of developing
drusen or one or more AMD by about 25% AMD by about 17% advanced AMD
large drusen in one or   by about 21%
both eyes

CATEGORY 4
Advanced AMD Reduced risk of vision Reduced risk of vision Reduced risk of
Advanced dry or wet loss by about 19% loss by about 10% vision loss by
AMD in one eye   about 11%

Cataract  No benefit

Risk not evaluated

No benefit
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However, AREDS did not 
show any cataract-related ben-
efits to supplementation.51 A 
later analysis of men enrolled 
in the Physicians Health Study 
and randomized to long-term 

supplementation with vitamin 
C (500 mg/day) vs. placebo 
or vitamin E (400 IU on alter-
nate days) or placebo showed 
no benefit to either supple-
ment in delaying or preventing 

the development of cataract 
after 8 years.52

AREDS 2 will further 
explore the impact of nutri-
tional supplementation on 
cataract development.

Our consensus recommenda-
tions, broken down by AMD 
status, are summarized in 
Table 3, above.

Moderate to
Advanced AMD

For patients with moderate 
to advanced dry AMD, the 

AREDS evidence is clear that 
supplementation is beneficial. 
This is the group of patients, 
therefore, for which our deci-

Table 3: Expert Algorithm: Nutritional Support for Ocular 
Health, by AMD Status

Everyone • Eat a balanced diet with lots of fruits, vegetables, whole
Maintain general ocular     foods and essential fats
and systemic health • Exercise and maintain healthy weight
 • Don’t smoke
 • Take a good full-spectrum multi-vitamin

Adults 50+ • Continue above recommendations
Interest in performance • 50+ exam
vision • Add lutein (≥6 mg) and zeaxanthin for visual function
 • Add 500–1,000 mg DHA/EPA fish oil

Pre-AMD, Early AMD • Continue above recommendations
Adults with AREDS Category • Nutritional counseling
1–2 AMD and/or significant • Genetic testing
risk factors (e.g., family history, • Consider increasing antioxidants
smoker, high BMI, etc.)

Moderate to Severe AMD • Continue above recommendations
AREDS Category 3–4 • Replace antioxidants with AREDS1 formulation with or
Highest risk of progression     without beta-carotene (depending on smoking status)  
     as long as there is no contraindication
 
 -OR-
 
 •  Replace all above supplements (except multi-vitamin) 

with AREDS2 formulation that includes lutein, zeaxan-
thin and DHA/EPA from fish oil
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sion making is the easiest.
Category 3 includes those 

with many medium-sized dru-
sen or one or more large dru-
sen. In AREDS, this was fur-
ther defined as drusen between 
63 µm and 124 µm. Clinically, 
when one begins to see 12–15 
drusen coalescing, or any non-
central geographic atrophy, 
that should be considered 
Category 3.

Category 4 is the more 
advanced stage, with pigmen-
tary changes, decrease in visual 
acuity to less than 20/30, geo-
graphic atrophy, and/or wet 
AMD in one eye. Patients with 
advanced AMD in one eye 
have a risk of progression to 
the contralateral eye of 42%. 

For these patients, the cur-
rent standard of care is an 
AREDS formulation that 
(except for smokers) includes 
beta-carotene but does not 
include macular xantho-
phylls that weren’t commer-
cially available at the time 
of the original study. The 
exact AREDS formulation 
(PreserVision, Bausch + Lomb) 
is available commercially, as are 
other supplements with very 
similar ingredients.

However, the Blue 
Mountains Eye Study pointed 
to a higher risk of macular 
degeneration with increased 
beta-carotene levels, perhaps 
because high-dose beta-
carotene competes with the 
absorption of crucial lutein and 
zeaxanthin.53 

The Physician’s Health Study 
compared patients taking beta 
carotene vs. placebo over 12 
years and found no significant 
differences in the prevalence 

of AMD over time. With these 
studies, and the association of 
high-dose beta-carotene with 
lung carcinogenesis, it makes 
sense to consider cutting back 
on supplemental sources of 
beta-carotene.

We anticipate the AREDS2 
data are likely to support elimi-
nating beta-carotene and adding 
lutein, zeaxanthin and fish oil. 

Many clinicians would 
choose to make those modi-
fications already with an 
AREDS2-type formula that 
includes 2 mg of zeaxanthin, 
10 mg of lutein, and 1 gram of 
DHA/EPA.

Many people consider it rea-
sonable to continue AREDS’ 
high levels of zinc, pending 
AREDS2 results. Also, it is 
important to talk about modi-
fiable risk factors, like diet/
BMI, exercise, smoking, con-
trolling blood sugar and hyper-
tension.

Zeaxanthin may play a role in 
improving actual retinal treat-
ment outcomes. In a recent 
study by Peralta, patients 
undergoing triple therapy for 
AMD (PDT with dexametha-
sone and bevacizumab injec-
tions) required fewer treatment 
cycles to achieve anatomic 
stabilization of choroidal neo-
vascularization when they took 
high levels (20 mg/day) of an 
oral zeaxanthin supplement.54

Early AMD or AMD 
Risk Factors

Since AREDS found no 
effect of the antioxidant or zinc 
supplements on progression 
of early AMD, it is less clear 
what, if anything, we should 
be recommending for patients 

with Category 2 AMD—and 
even less clear what should be 
recommended to those patients 
who have significant risk factors 
for AMD but do not yet have 
the disease.

According to AREDS, those 
Category 1 or 2 patients have 
a less than 2% chance of pro-
gression to advanced AMD. 
However, there may be certain 
groups within that popula-
tion who are genetically pre-
disposed and at higher risk. 
Genetic testing, along with low 
contrast visual acuity and glare 
recovery testing, may provide 
some insight into subclinical 
disease and even into how like-
ly individuals are to respond to 
certain nutrients.

One aspect to consider is 
that the AREDS definitions 
were drusen-based, using out-
dated imaging technology. 
Newer spectral domain OCT 
and RPE autofluorescence 
imaging, along with genetic 
testing, will likely provide ear-
lier structural confirmation of 
disease. These measures may 
indicate that other people who 
don’t meet the AREDS drusen 
definition are actually at high 
risk and would benefit from 
nutritional supplementation or 
behavioral modifications.

We believe that, much as we 
change our care for the pre-
diabetes patient who has sig-
nificant risk factors, we should 
really be doing the same thing 
for AMD and beginning to 
encourage lifestyle changes 
(including improving nutri-
ent intake through food) and 
supplementation to optimize 
ocular health. However, there 
is much less of a consensus in 
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the medical literature on this.
For AREDS category 1–2 

patients, one may want to 
consider a good multivitamin 
to support retinal health, 500 
to 1,000 mg of EPA/DHA 
from fish oil, and nutritional 
counseling. Most would add 
lutein and zeaxanthin to this 
regimen, as well. If there is a 
family history of AMD or three 
or more risk factors for AMD, 
one might want to also consid-
er a broader array of nutrients.

Maximizing 
Performance

A truly forward-thinking 
clinician may want to con-
sider how diet and nutritional 
supplementation can improve 
visual function, even before 
there are signs or symptoms of 
disease.

We believe that a 50+ exam, 
as detailed below, offers an 
opportunity to use nutritional 
supplementation to enhance 
visual function. Limiting vision 
testing to Snellen acuity is 
likely to underestimate the 
number of people with visual 
impairments. In most patients 
in the 50+ age group, contrast 
sensitivity, glare recovery, and 
glare disability testing will 
uncover visual disabilities that 
directly affect everyday func-
tioning and even public safety.

Decreasing visual function 
affects the ability to move and 
drive safely in dim lighting 
or other visually compromis-
ing conditions. Self- described 
driving ability on the VFQ-25 
was notably associated with 
baseline pre-supplementation 
macular pigmentation. Linear 
regression modeling suggests 

that self- described ability to 
safely drive a car was strongly 
associated with final macular 
re-pigmentation post supple-
mentation (p=0.02).55 Any 
opportunity to enhance visual 
function and safety in such sit-
uations is a triple win—for the 
patient, for the practitioner, 
and for the public at large.

At the other end of the spec-
trum, macular carotenoids—
and particularly zeaxanthin, 
which is more densely distrib-
uted in the central cone-rich 
fovea—are directly related to 
visual acuity functioning and 
shape discrimination. The 
nutrients may affect sports per-
formance and other skills such 
as hunting, for instance. Foveal 
integrity, beyond visual acuity, 
can now be evaluated with a 
very sensitive test, the Retina 
Foundation of the Southwest’s 
Shape Discrimination Test.56 
This measure can be used to 
detect loss of function due to 
AMD or identify opportuni-
ties to enhance function for 
high performance. Patients of 
any age who want to enhance 
visual performance may also 
want to consider supplementa-
tion with lutein, zeaxanthin, 
and omega-3 fatty acids.

Incorporating 
Nutrition into 
Clinical Care 

The eyes are a window into 
the body and are affected by 
many of its physical maladies. 
Improving ocular health is like-
ly to have a positive effect on 
systemic health (and vice versa).

As primary eye care provid-
ers, we can and should be talk-
ing about diet, exercise and 

nutritional supplementation 
with our patients, when appro-
priate. People may not expect 
to hear about these topics 
from us, but given the grow-
ing consensus that diet and 
exercise affect risk factors for 
age-related eye diseases such as 
AMD, we would be remiss to 
ignore them. The Carotenoids 
in Age-Related Eye Disease 
Study (CAREDS), for example, 
recently showed that having a 
combination of 3 healthy life-
style behaviors (healthy diet, 
physical activity, and not smok-
ing) was associated with 71% 
lower odds for AMD compared 
with having high-risk scores.57

Our patients care deeply 
about maintaining visual func-
tion. Yet, while there is wide-
spread awareness today of the 
importance of diet and exercise 
in prevention of heart disease 
and cancer, the average person 
is unaware that they can also 
affect eye health and vision.58 
Particularly with susceptible 
individuals, dietary advice can 
help them postpone or prevent 
the vision-disabling conse-
quences of AMD as they age.6

The first thing we can do 
is to encourage patients to 
improve their diet by consum-
ing more vegetables, fruits, 
fish and whole foods—the 
best sources of many essential 
nutrients. We can discuss body 
mass index (BMI) as a risk fac-
tor and encourage patients to 
move more. An aggressive exer-
cise regimen is not necessary; 
moderate walking or swimming 
conveys many benefits. And we 
would be well-advised to edu-
cate patients about nutritional 
supplementation.
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Nutritional supplements rep-
resent an attempt to substitute 
for what is missing or inad-
equate in the diets. One might 
consider them “second best” 
to obtaining nutrients from 
dietary sources. But even peo-
ple who eat a relatively healthy 
diet are likely to be deficient 
in a number of nutrients that 
are critical for ocular health. As 
people age, it makes sense to 
consider supplementation, not 
only to reduce disease risk, but 
to maximize visual function.

While it can seem daunting 
to incorporate nutrition coun-
seling into a busy clinical prac-
tice, we offer a number of sim-
ple strategies for doing so (see 
sidebar at right). Chief among 
these is instituting a 50+ exam 
in your practice.

The 50+ Eye Exam. We 
strongly recommend introduc-
ing an adult 50+ examination in 
your practice, with an emphasis 
on optimizing vision for the 
second half of life. This is the 
ideal time to introduce a more 
comprehensive exam, dur-
ing which visual function can 
be tested, disease risk factors 
assessed and nutritional status 
more carefully evaluated. Use 
this exam to guide recommen-
dations, as discussed in the pre-
vious section and in Table 3.

The diagnostic testing one 
might want to consider in this 
exam includes contrast sensitiv-
ity, photo-stress glare-recovery 
testing, and macular pigment 
ocular density (MPOD). Diet 
assessment, nutritional counsel-
ing, or genetic testing may also 
be added, depending upon the 
practitioner and patient.

There are several options for 

testing contrast sensitivity or 
low-contrast acuity. Among the 
simplest is a card with high-

contrast print on the front, 
low-contrast print on the back, 
available from several optical 

Practical Pearls for Working 
Nutritional Advice Into a Busy 
Practice

Basic Education
•  Start simply stating to every patient that nutrition 

affects the quality of your vision and your eye health.
•  In your history, specifically ask about vitamins or 

supplements.
•  Add a few simple questions to identify patients 

with gross deficiencies who are good candidates for 
nutritional supplementation (How many servings 
of fruit and vegetables do you eat daily? Green leafy 
vegetables? When was the last time you ate fish?).

•  Provide in-office literature on nutrition and the eyes 
(source: www.ocularnutritionsociety.org).

•  Using a quick smart phone app, calculate patients’ 
BMI, based on their reported weight and height, and 
discuss BMI as a risk factor and the need for higher 
doses of ocular nutrients.

•  With elderly patients, encourage “movement” not 
“exercise” – tracking steps with a pedometer is a great 
way to move more.

Take it Up a Notch
•  Recommend and/or sell supplements from your office 

based on patient needs and potential contraindications.
•  Bring in a local nutritionist for monthly/quarterly 

nutrition and lifestyle counseling.
•  Refer to and co-manage patients with a local 

nutritionist.
• Add baseline and serial glare and contrast testing.
•  Position props in the office: A poster with key ocular 

nutrients is good; plastic food items illustrating good 
foods (broccoli, salmon, etc) are even better.

Become a Nutritional Whiz
•  Offer a full review and analysis of vitamins and 

supplements.
• Construct handouts from www.choosemyplate.gov.
•  Refer to external lab for serum testing and urinalysis 

and review results.
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supply houses. A difference in 
the number of lines read on 
each side indicates potential 
loss of contrast sensitivity. 
Various low-contrast projected 
charts are available. And of 
course, there is the full con-
trast sensitivity testing (Stereo 
Optical Functional Vision 
Analyzer or the Vector Vision 
CSV-1000) that has been used 
in many clinical trials.  

The photostress glare recov-
ery test (PSGR) involves expos-
ing an individual eye to intense 
light, or retinal bleach, for a 
set duration and measuring the 
time for visual acuity to recover. 
This transient state of insensi-
tivity is subjectively perceived as 
a scotomatous afterimage. The 
actual reduction in visual acu-
ity results from photopigment 
depletion and the recovery 
time is dependent on the rate 
of photopigment regeneration, 
independent of neural mecha-
nisms. Furthermore, the return 
of retinal sensitivity is depen-
dent on resynthesis of visual 
pigments in the outer retinal 
segments.59 Any nutrient, drug 
or disease that affects the pho-
toreceptors, adjacent retinal 
pigment epithelium or choroid 
is also expected to prolong the 
recovery of sensitivity following 
glare exposure.60

The Newsome Macular Disease 
Detection (MDD2) device 
(Health Research Sciences, LLC, 
Lighthouse Point, Fla.) is a por-
table, hand-held diagnostic device 
that allows the clinician to test 
both eyes of a patient in less than 
5 minutes. In recent studies of 
this device used on 515 eyes, pro-
longed recovery time from a flash 
stimulus to the retina is correlated 
with worse vision and with the 
presence of macular disease.61  

Macular pigment ocular den-
sity (MPOD) is an increasingly 
important metric. MPOD has 
been identified as an indepen-
dent risk factor for AMD. It 
provides a way to measure and 
benchmark macular pigments 
and also to measure improve-

ments after dietary changes or 
supplementation. In a society 
where “knowing your num-
bers” is the norm, MPOD is a 
good tool to increase patient 
awareness and perhaps even 
compliance.

Serum testing can provide an 
indication of overall antioxidant 
capacity, homocysteine oxidant 
levels, essential fatty acid bal-
ance and the C-reactive protein 
systemic inflammation status.

Conclusions
Supplementation with high 

levels of antioxidants and 
zinc is the standard of care 
for patients with moderate to 
advanced AMD. Research con-
tinues into the role of these 
nutrients, along with EPA and 
DHA from fish oil, lutein, and 
zeaxanthin for AMD, cataract, 

dry eye, and maintenance of 
healthy visual function.

Educating yourself and your 
patients about dietary nutrition 
and supplementation is a valu-
able service to your patient and 
society that will also enhance 
your clinical practice.

Patient Education Resources
•  Ocular Nutrition Society (www.ocularnutritionsociety.org) 
• Nutritional analysis survey available to ONS members
•  www.eyefoods.com or Eyefoods: A Food Plan for 

Healthy Eyes by Laurie Capogna, O.D., and Barbara 
Pelletier, O.D.

•  http://www.bausch.com/en/Vision-and-Age/60s-Eyes/
Seniors-Eye-Health

•  National Heart Lung & Blood Institute (NHLBI) BMI 
Calculator (or other similar free smart phone apps)

• www.choosemyplate.gov

Tip

A patient who is plagued by photophobia in the absence of 
any ocular inflammation, should have macular pigment 
ocular density (MPOD) testing. Appropriate supplemen-
tation with carotenoids and synergistic fish oil reduces 
symptoms within a 3-month period in most cases.

000_alg0212B&L12pg_ac3.indd   14 1/19/12   3:27 PM



R E V I E W  O F  O P T O M E T R Y   F e b r u a r y  2 0 1 2  1 5

References
1. Van Leeuwen R, Boekhoorn S, Vingerling 
JR, et al. Dietary intake of antioxidants and risk 
of age-related macular degeneration. JAMA. 
2005;294(24):3101-7.
2. Tan JS, Wang JJ, Flood V, et al. Dietary antioxi-
dants and the long-term incidence of age-related 
macular degeneration: the Blue Mountains Eye 
Study. Ophthalmology. 2008;115(2):334-41.
3. Age-Related Eye Disease Study Research Group. 
A randomized, placebo-controlled, 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;119:1417-36.
4. Christen WG, Glynn RJ, Chew EY, Buring JE. 
Vitamin E and age-related macular degeneration 
in a randomized trial of women. Ophthalmology. 
2010;117(6):1163-8.
5. Harvard Health Publications Research linking 
high doses of vitamin E to heart failure is causing 
new worries about the AREDS vitamins for macular 
degeneration. Harv Health Lett. 2005;30:6.
6. Ho L, van Leeuwen R, Witteman JC, et al. 
Reducing the genetic risk of age-related macu-
lar degeneration with dietary antioxidants, zinc, 
and -3 fatty acids: the Rotterdam study. Arch 
Ophthalmol. 2011;129(6):758-66.
7. Alpha-tocopherol beta-carotene cancer preven-
tion study group The effect of vitamin E and 
beta-carotene on the incidence of lung cancer and 
other cancers in male smokers. N Engl J Med. 
1994;330:1029-35. 
8. Omenn GS, Goodman GE, Thornquist MD. Risk 
factors for lung cancer and for intervention effects 
in CARET, the beta-carotene and retinol efficacy 
trial. J Natl Cancer Inst. 1996;88:1550-99. 
9. Palozza P, Serini S, Di Nicuolo F. Beta-carotene 
exacerbates DNA oxidative damage and modifies 
p53-related pathways of cell proliferation and apop-
tosis in cultured cells exposed to tobacco smoke 
condensate. Carcinogenesis. 2004;25:1315-25. 
10. Bjelakovic G, Nikolova D, Gluud LL, et al. 
Mortality in randomized trials of antioxidant 
supplements for primary and secondary preven-
tion: systematic review and meta-analysis. JAMA. 
2007;297(8):842-57.
11. Mannisto S, Smith-Warner SA, Spiegelman 
D. Dietary carotenoids and risk of lung cancer in 
a pooled analysis of seven cohort studies. Cancer 
Epidemiol Biomarkers Prev. 2004;13:40–48. doi: 
10.1158/1055-9965.EPI-038-3. 
12. Whitehead AJ, Mares JA, Danis RP. Macular 
pigment: a review of current knowledge. Arch 
Ophthalmol. 2006;124(7):1038-45.
13. Seddon JM, Ajani UA, Sperduto RD, et al. 
Dietary carotenoids, vitamins A, C, and E, and 
advanced age-related macular degeneration. 
Eye Disease Case-Control Study Group. JAMA. 
1994;272(18):1413-20.
14. Moeller SM, Parekh N, Tinker L, et al. 
CAREDS Research Study Group. Associations 
between intermediate age-related macular degenera-
tion and lutein and zeaxanthin in the Carotenoids 
in Age-related Eye Disease Study (CAREDS): ancil-
lary study of the Women’s Health Initiative. Arch 
Ophthalmol. 2006;124(8):1151-62.
15. Beatty S, Murray IJ, Henson DB, et al. Macular 
pigment and risk for age-related macular degenera-
tion in subjects from a Northern European popula-
tion. Invest Ophthalmol Vis Sci. 2001;42(2):
439-46.
16. 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 sur-
vey. Am J Epidemiol. 2001;153(5):424-32.
17. Snellen EL, Verbeek AL, Van den Hoogen GW, 
et al. Neovascular age-related macular degenera-
tion and its relationship to antioxidant intake. Acta 
Ophthalmol. Scand 2002;80(4):368-71.
18. Age-Related Eye Disease Study Research Group. 
The relationship of dietary carotenoid and vitamin 
A, E, and C intake with age-realted macular degen-
eration in a case-control study. AREDS Report No 
22. Arch Ophthalmol. 2007;125:1225-32. 
19. Bone RA, Landrum JT, Mayne ST, et al. 
Macular pigment in donor eyes with and without 
AMD: a case-control study. Invest Ophthalmol Vis 
Sci. 2001;42(1):235-40.
20. Bernstein PS, Zhao DY, Wintch SW, et al. 
Resonance Raman measurement of macular 
carotenoids in normal subjects and in age-related 
macular degeneration patients. Ophthalmology. 

2002;109(10):1780-7.
21. Bone RA, Landrum JT, Guerra LH, Ruiz CA. 
Lutein and zeaxanthin dietary supplements raise 
macular pigment density and serum concentra-
tions of these carotenoids in humans. J Nutr. 
2003;133(4):992-8.
22. Trieschmann M, Beatty S, Nolan JM, et al. 
Changes in macular pigment optical density and 
serum concentrations of its constituent carotenoids 
following supplemental lutein and zeaxanthin: The 
LUNA study. Exp Eye Res. 2007;84:718-28.  
23. Schalch W, Cohn W, Barker FM, et al. 
Xanthophyll accumulation in the human retina dur-
ing supplementation with lutein or zeaxanthin—
the LUXEA (LUtein Xanthophyll Eye 
Accumulation) Study. Arch Biochem Biophys. 
2007;458(2):128-35.
24. Johnson AR, Munoz A, Gottlieb JL, Jarrard 
DE. High dose zinc increases hospital admis-
sions due to genitourinary complications. J Urol. 
2007;177(2):639-43.
25. SanGiovanni JP, Chew EY, Agrón E, et al. The 
relationship of dietary omega-3 long chain polyun-
saturated fatty acid intake with incident age-related 
macular degeneration. AREDS report No 23. Arch 
Ophthalmol. 2008;126:1274-9.
26. SanGiovanni JP, Chew EY, Clemons TE, et al. 
and the 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;125:671-9.
27. Seddon JM, Cote J, Rosner B. Progression of 
age-related macular degeneration: association with 
dietary fat, transunsaturated fat, nuts, and fish 
intake. Arch Ophthalmol. 2003 Dec;121(12):
1728-37.
28. Seddon JM, Rosner B, Sperduto RD, 
et al. Dietary fat and risk for advanced age-
related macular degeneration. Arch Ophthalmol. 
2001;119(8):1191-9.
29. Cho E, Hung S, Willett WC, et al. Prospective 
study of dietary fat and the risk of age-related macu-
lar degeneration. Am J Clin Nutr. 2001;73(2):
209-18.
30. Christen GS, Schaumberg DA, Glynn RJ, 
Buring JE. Dietary omega-3 fatty acid and fish 
intake and incident age-related macular degenera-
tion in women. Arch Ophthalmol. 2011;129:921-9.
31. Miljanović B, Trivedi KA, Dana MR, et al. 
Relation between dietary n-3 and n-6 fatty acids and 
clinically diagnosed dry eye syndrome in women. 
Am J Clin Nutr. 2005;82(4):887-93.
32. Buckley MS, Goff AD, Knapp WE. Fish oil 
interaction with warfarin. Ann Pharmacother. 
2004;38(1):50-2.
33. Bender NK, Kraynak MA, Chiquette E, et al. 
Effects of marine fish oils on the anticoagulation 
status of patients receiving chronic warfarin therapy. 
J Thromb Thrombolysis. 1998;5(3):257-61.
34. Christen WG, Glynn RJ, Chew EY, et al. Folic 
acid, pyridoxine, and cyanocobalamin combination 
treatment and age-related macular degeneration 
in women: the Women’s Antioxidant and Folic 
Acid Cardiovascular Study. Arch Intern Med. 
2009;169(4):335-41.
35. Cooper AJ, Pinto JT, Callery PS, Reversible and 
irreversible protein glutathionylation: biological and 
clinical aspects, Expert Opin Drug Metab Toxicol. 
2011;7 (7):891-910.
36. Reddy VN, Giblin FJ. Metabolism and func-
tion of glutathione in lens. In. Regnault F. Sc. 
Adv. Symposium on the lens. Amsterdam. Excerpts 
Media. 65-83, 1980.
37. Seddon JM, Reynolds R, Maller J, et al. 
Prediction model for prevalence and incidence of 
advanced age-related macular degeneration based on 
genetic, demographic, and environmental variables. 
Invest Ophthalmol Vis Sci. 2009;50(5):2044-53.
38. Parisi V, Tedeschi M, Gallinaro G, et al; 
CARMIS Study Group. Carotenoids and antioxi-
dants in age-related maculopathy italian study: mul-
tifocal electroretinogram modifications after 1 year. 
Ophthalmology. 2008;115(2):324-33.
39. Richer S, Stiles W, Statkute L. Double-masked, 
placebo-controlled, randomized trial of lutein 
and antioxidant supplementation in the interven-
tion of atrophic age-related macular degeneration: 
the Veterans LAST study (Lutein Antioxidant 
Supplementation Trial) Optometry. 2004;75:
216–230.
40. Richer S, Devenport J, Lang JC. LAST II: 
Differential temporal responses of macular pigment 
optical density in patients with atrophic age-related 
macular degeneration to dietary supplementation 

with xanthophylls. Optometry. 2007;78(5):213-9.
41. Kvansakul J, Rodriguez-Carmona M, Edgar DF, 
et al. Supplementation with the carotenoids lutein 
or zeaxanthin improves human visual performance. 
Ophthalmic Physiol Opt. 2006;26:362-71. 
42. Cangemi FE. TOZAL Study: an open case 
control study of an oral antioxidant and omega-
3 supplement for dry AMD. BMC Ophthalmol. 
2007;7:3.
43. Richer SP, Stiles W, Graham-Hoffman K, et 
al. Randomized, double-blind, placebo-controlled 
study of zeaxanthin and visual function in patients 
with atrophic age-related macular degeneration: 
the Zeaxanthin and Visual Function Study (ZVF). 
Optometry. 2011;82:667-80.
44. Tan AG, Mitchell P, Flood VM, et al. 
Antioxidant nutrient intake and the long-term inci-
dence of age-related cataract: the Blue Mountains 
Eye Study. Am J Clin Nutr. 2008;87(6):1899-905.
45. Yoshida M, Takashima Y, Inoue M, et al. JPHC 
Study Group. Propsective study showing that 
dietary vitamin C reduced the risk of age-related 
cataracts in a middle-aged Japanese population. Eur 
J Nutr. 2007;46(2):118-24.
46. Robertson JM, Donner AP, Trevithick JR. A 
possible role for vitamins C and E in cataract preven-
tion. Am J Clin Nutr. 1991;53(1 Suppl):346S-351S.
47. Delcourt C, Carrière I, Delage M, et al; POLA 
Study Group. Plasma lutein and zeaxanthin and 
other carotenoids as modifiable risk factors for age-
related maculopathy and cataract: the POLA Study. 
Invest Ophthalmol Vis Sci. 2006;47(6):2329-35. 
48. Jacques PF, Taylor A, Moeller S, et al. Long-
term nutrient intake and 5-year change in nuclear 
lens opacities. Arch Ophthalmol. 2005;123:517-26.
49. Leske MC, Chylack LT Jr, He Q, et al. 
Antioxidant vitamins and nuclear opacities: the 
longitudinal study of cataract. Ophthalmology. 
1998;105:831-6.
50. Seddon JM, Christen WG, Manson JE, et al. 
The use of vitamin supplements and the risk of 
cataract among US male physicians. Am J Public 
Health. 1994;84(5):788-92.
51. Age-Related Eye Disease Study Research Group. 
A randomized, placebo-controlled, clinical trial of 
high-dose supplementation with vitamins C and 
E and beta carotene for age-related cataract and 
vision loss: AREDS report no. 9. Arch Opthalmol. 
2001;119:1439-52. 
52. Christen WG, Glynn RJ, Sesso HD, et al. 
Age-related cataract in a randomized trial of 
vitamins E and C in men. Arch Ophthalmol. 
2010;128(11):1397-405.
53. Tan JS, Wang JJ, Flood V, et al. Dietary anti-
oxidants and the long-term incidence of age-related 
macular degeneration: the Blue Mountains Eye 
Study. Ophthalmology. 2008 Feb;115(2):334-41.
54. Peralta E, Olk RJ, Sayegh SI, Gierhart D. Oral 
zeaxanthin improves anatomic and visual outcome of 
triple therapy for subfoveal CNV in age-related mac-
ular degeneration (ARMD) Poster, American Society 
of Retina Specialists 2011 Annual Meeting, Boston.
55. Richer SP, et al, and The ZVF Study Group. 
Macular re-pigmentation and driving vision in elder-
ly adult males with macular degeneration. In review.
56. Wang YZ, Ying G-S, Mitzel G, et al. Sensitivity 
and specificity of shape discrimination hyperacuity 
for differentiating exudative AMD from moder-
ate AMD. Invest Ophthalmol Vis Sc.i 2011;52. 
E-Abstract 100. 
57. Mares JA, Voland RP, Sondel SA, et al. Healthy 
lifestyles related to subsequent prevalence of age-
related macular degeneration.  Arch Ophthalmol. 
2011;129(4):470-80. 
58. “Baby boomers value vision more than any 
other sense but lack focus on eye health.” 2011 
Ocular Nutrition Society survey report, accessed 
Jan. 6, 2012 at http://www.ocularnutritionsociety.
org/boomers.
59. Bernstein PS, DeloriF C, Richer S, et al. The 
value of measurement of macular, carotenoid pig-
ment optical densities and distributions in age-
related, macular degeneration and other retinal 
disorders. Vis Res. 2010;50:716-28. 
60. Margrain TH, Thomson D. Sources of vari-
ability in the clinical photostress test. Ophthalmic 
Physiol Opt. 2002;22(1):61-7.
61. Presentation 10/2011: Daniel Roth, MD, 
Independent Unsolicited Research,  “The Use of 
a Flash Recovery Testing Device to Differentiate 
Between Patients With or Without Macular 
Disease,” Retina Vitreous Center Department of 
Ophthalmology Robert Wood Johnson Medical 
School New Brunswick, New Jersey (courtesy www.
mdd1.com).

000_alg0212B&L12pg_ac3.indd   15 1/19/12   3:27 PM



The opinions expressed in this supplement to Review of Optometry® do not necessarily reflect the views, or 
imply endorsement, of the editor or publisher. Copyright 2012, Review of Optometry®. All rights reserved.

000_alg0212B&L12pg_ac3.indd   16 1/19/12   3:27 PM



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket true
  /DefaultRenderingIntent /Default
  /DetectBlends false
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Symbol
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly true
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /DAN <>
    /DEU <>
    /ENU (Use these settings to create PDF's if you are not downloading low Res ads from AdSpring.)
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /NLD <>
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
  /SyntheticBoldness 1.000000
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


