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Antioxidants and vision health: facts and fiction
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Abstract A number of nutritional supplements contain-
ing antioxidants are advertised for better vision health. Do
they benefit the average consumer? The literature was
examined for the effectiveness of antioxidants for human
eye health, and for the intricacies in collection of such
evidence. The following diseases were considered: cata-
ract, glaucoma, age-related macular degeneration (AMD),
retinopathy, retinitis pigmentosa, eye infections, and uve-
itis. The literature indicates that antioxidant supplements
plus lutein have a reasonable probability of retarding
AMD. For glaucoma, such supplements were ineffectual in
some studies but useful in others. In some studies, anti-
oxidant rich fruits and vegetables were also useful for
protection against glaucoma. For diabetic retinopathy,
antioxidant supplements may have a small benefit, if any,
but only as an adjunct to glycemic control. In very high-
risk premature retinopathy and retinitis pigmentosa, anti-
oxidant supplements may be beneficial but those with
excess Vitamin E should be avoided. For cataract, there is
no evidence for an advantage of such nutritional supple-
ments. However, lubricant drops containing N-acety-
Icarnosine may be helpful in initial stages of the disease.
For eye infections and other causes of uveitis, antioxidants
have not been found useful. We recommend that a diet high
in antioxidant rich foods should be developed as a habit
from an early age. However, when initial signs of vision
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health deterioration are observed, the appropriate nutri-
tional supplement products may be recommended but only
to augment the primary medical treatments.
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Alternative medicine - Cataract - Glaucoma - Age-related
macular degeneration

Introduction

When people think about the loss of any of the human
senses, loss of sight is often the most feared, even though
sight-impaired humans may remain extremely capable.
Leonard Euler lost the sight in his right eye in 1735 and
then in the left eye in 1766. Yet the great mathematician
continued to publish one mathematical paper per week in
1775. To put these publications in perspective, few math-
ematics professors publish as many papers in their lifetime
as the sightless Euler did in the year 1775 alone. The
American musicians Stevie Wonder and Ray Charles, the
ancient Indian poet Surdas, and Louis Braille who invented
Braille writing are further examples that the loss of sight is
not in any way connected to loss of other senses. Yet it is
scary for us to think of having to find new ways of dealing
with everyday life after a potential loss of sight. Vision loss
is very prevalent. As of 2002, there were over 131 million
people visually impaired (best corrected visual acuity less
than 20/40 in the better seeing eye) of which over 30
million were blind (best corrected acuity of less than
20/200 in the better seeing eye) [1, 2]. The major causes for
blindness are cataract, glaucoma, macular degeneration,
retinoblastoma, and retinopathy (Fig. 2). Infections and
accidental damage to the eye also play a role. Some of
these factors are inherited but others are preventable.
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A small number of individuals are born blind either due
to genetic disposition or infections during birth or in early
childhood. However, blindness increases with age, glob-
ally—under the age of 15 just over a million people are
blind but over the age of 50, there are over 30 million [1].
With age there is an increase in the prevalence of cataract,
glaucoma, macular degeneration, retinopathy, and other
causes of blindness. Recent advances in health care have
provided the means to prevent and/or decrease blindness
due to several of these causes—either by surgery or by
medication. It has been hypothesized that antioxidants may
be of benefit in retaining better vision or even reversing
vision impairment. There are a number of antioxidant
products in the market for systemic or topical use. The
advice on their usefulness comes from various types of
sources. This information is of variable quality and its
availability is not subject to regulation [3]. The objective of
this review is to critically examine what, if any, benefits
these antioxidants may provide. The approach is to
examine each of the major causes of blindness, the ratio-
nale for the use of antioxidants associated with each situ-
ation, and then examine studies in which such antioxidants
were used either as treatment or for prevention. As back-
ground, first brief descriptions are provided for the human
eye and for reactive oxygen species (ROS).

Human eye

The human eye is a complex structure (Fig. 2, http://www.
ncbi.nlm.nih.gov/books/NBK11534/). It photo images
objects with the aid of a lens and an adjustable aperture and
sends these images to the brain for analysis. Anterior most
in the eye are the eyelids, which provide physical protec-
tion to it and are followed by the conjunctiva, aqueous
humor, iris to control the aperture, a lens that sits on a
hyaloid membrane, and is followed by vitreous humor. The
inner or nuclear part of the lens contains the mass of
crystalline fibers that focus light on the retina. The pos-
terior structures are vitreous humor, choroid and the optic
nerve, and the sclera. The exact spatial organization of
these structures is paramount and it is maintained by the
surrounding epithelial cells. Thus, an eye is a versatile
camera, a signal relay system, and image analysis hardware
and software—all made up of living structures.

Reactive oxygen species
An atom or a molecule with unpaired electrons in its out-
ermost orbit is termed a free radical—when the atom

involved is oxygen, it is called an oxygen free radical [4].
ROS may be free radicals or even oxidizing substances
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such as peroxide. Typically our body oxidizes substances
such as glucose to produce energy needed for our living.
During this process, in every cell of the body, oxygen
molecules are reduced in a stepwise manner to yield
reactive intermediates, such as superoxide, hydrogen per-
oxide, and hydroxyl radical. The ROS are normally present
in very low concentrations (nanomolar to micromolar). For
defense purposes, cells such as macrophages may also
produce large amounts of superoxide and peroxynitrite.
Under normal circumstances, our body uses natural anti-
oxidants, such as vitamin C (ascorbate), vitamin E, gluta-
thione, and naturally occurring enzymes to scavenge these
ROS. However, under certain conditions excess accumu-
lation of reactive oxygen may alter the nature of lipids and
proteins and ultimately cause cellular dysfunction. Pro-
longed damage due to accumulated ROS in different tis-
sues of the eye may cause irreversible damage. Another
interesting aspect is that oxidative stress increases with age,
and vision health decreases with age [5, 6]. Therefore, the
question becomes, is there any evidence that such damage
can be prevented or repaired using antioxidants.

Eye diseases
Cataract

Normally, the eye lens is transparent but it becomes opaque
in a cataract because of hereditary factors, exposure to
ultraviolet radiation or chemicals, or risk factors associated
with diseases such as diabetes mellitus. In general, cataract
formation increases with age and is more prevalent in
females than in males. It is more common in countries near
the equator than in USA, Canada, or Northern Europe [1].
This exposure has been associated with damage caused by
ROS formed due to ultraviolet radiation. When opaque, the
natural lens can be replaced with a plastic transparent lens
in routine cataract surgery. However, it has been reported
that the natural lens exports the antioxidant glutathione to
the fluids bathing it [7]. Consequently, the cataract surgery
using a synthetic lens may deplete the eye of this resource.
The scientific rationale for the use of antioxidants in pro-
phylaxis and treatment of cataract has recently been
reviewed [7]. Several products have been used to preserve
eyes against cataract.

A double blind study was conducted over 2 years for
treatment of cataract with drops containing N-acety-
Icarnosine with 75 patients and 72 control subjects [8]. The
patients received lubricant drops containing 1 % N-acety-
Icarnosine or placebo drops with the same formulation but
without this antioxidant. The vision improved with the drug
after 9 months as determined by glare test and visual acuity
test. Even control patients reported some improvement in
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their vision. The work in this study was supported by the
manufacturer of the drops—Innovative Vision Product and
hence a conflict of interest cannot be overlooked. Another
study conducted by the same company is titled “N-acety-
Icarnosine lubricant eye drops possess all-in-one universal
antioxidant protective effects of L-carnosine in aqueous
and lipid membrane environments, aldehyde scavenging,
and transglycation activities inherent to cataracts: a clinical
study of the new vision-saving drug N-acetylcarnosine
eyedrop therapy in a database population of over 50,500
patients” [9]. These findings are supported by a case study
on a 72 year old male [10] (no conflict of interest). How-
ever, the mode of action of these drops may not be an
antioxidant effect. The role of the N-acetylcarnosine in
preventing oxidative damage to crystalline lens in mam-
malian eye has been investigated using Radical Probe Mass
Spectrometry but the antioxidant did not directly have a
significant effect on the oxidation of the most abundant
lens crystallins, o and B-crystallin [11]. The study con-
cluded that the therapeutic benefit observed in the clinical
trials may be associated with other ingredients in the for-
mulation of the topical solution and/or that the mode of
action of N-acetylcarnosine as an antioxidant is not a direct
one.

In a double blind study, the effect of nutritional supple-
mentation with antioxidants was examined on the progres-
sion of cataract in 798 subjects (35-50 years old) over a
5 year period [12, 13]. Three times weekly, the subjects
received tablets containing 500 mg vitamin C, 15 mg vita-
min A and 15 mg vitamin E or identical appearing placebo
tablets. There was no significant difference between the
treatment and the placebo groups in nuclear opalescence and
color of the lens, cataract (cortical or posterior subcapsular),
or mean spherical equivalent refractive error of the lens.
Scrutiny of the data suggests that there may have been some
age dependence of the effects, and hence there was a need
for inclusion of older subjects. However, a multicenter study
with a cohort of 55-80 year old 4,757 relatively well-
nourished patients showed that a high-dose formulation of
vitamin C, vitamin E, and beta-carotene did not significantly
affect the risk of development or progression of the age-
related lens opacities or visual acuity loss over a 7 year
period [14]. This observation has been confirmed in meta-
analysis studies and reviews [14-17].

Glaucoma

Glaucoma is characterized by an increased narrowing of
the field of vision (Fig. 1) resulting from damage to the
optic nerve over time [18]. It is the second major cause of
blindness. In the USA alone, over two million people suffer
from glaucoma [2]. There are two major forms of glau-
coma—closed and open angle. The angle pertains to the
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Fig. 1 Major causes of blindness as percent total. Figure is based on
data on global blindness from [1]. Pictures showing how the vision is
affected by each type of blindness are from the websites given in the
Acknowledgments section

area between the iris and cornea, through which aqueous
fluid must flow to escape via the trabecular meshwork in
the eye. The closed angle glaucoma is less common but
very painful and hence it is detected more rapidly due to an
extremely high ocular pressure. The open-angle glaucoma
develops gradually and often goes unnoticed except in eye
tests. High intraocular pressure is the main risk factor in
glaucoma but exceptions exist: some patients with the high
pressure may never develop the disease and some glau-
coma patients may not develop high intraocular pressure
[18]. Additional risk factors are age, family history, dia-
betes, hypertension, thin corneas, and the use of cortico-
steroids or cholesterol lowering drugs. Intraocular pressure
is controlled by the rate of filtration of aqueous humor from
the trabecular meshwork. The rate of filtration is regulated
by changes in the ionic conductances of chloride and
potassium channels that regulate the volume of the tra-
becular meshwork cells. Defects in such conductance have
been associated with glaucoma [19]. Endothelin has also
been implicated in the optical nerve damage in glaucoma.
In normal pressure glaucoma, endothelin-1 may produce
systemic and local vascular dysregulation while in the high
pressure glaucoma, its effect may be localized to the ocular
tissue [20]. Tests for glaucoma include intraocular pressure
measurements, stereoscopic dilated eye exam, visual field
tests, measurement of the angle where iris meets the cor-
nea, measurement of corneal thickness and monitoring
optic nerve damage by imaging. The treatments for man-
agement include lowering the intraocular pressure by
pharmacological and surgical (including laser surgery)
means [18, 21]. The pharmacological treatments not only
inhibit the secretion of the aqueous humor but may also
stimulate chronic its outflow through the uveoscleral
pathway.

There are several studies associating deficiency in
antioxidant levels to glaucoma. The transporter, SLC23A2,
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plays a major role in delivering vitamin C to various cells.
A single nucleotide polymorphism in the gene related to
this vitamin C transporter has been significantly associated
with a higher risk of primary open-angle glaucoma [22]. In
one study, 47 patients with glaucoma and 44 control sub-
jects were examined for serum levels of vitamin A, C, E,
By, and uric acid [23]. Vitamin C levels were lower in the
patients than in the control subjects, uric acid levels were
higher, and levels of the other substances examined were
not significantly different. Oxidative activity in the aqueous
humor of the eye is higher in glaucoma patients. Consistent
with the notion that the antioxidant levels in the aqueous
humor may be associated with glaucoma and hence anti-
oxidant supplementation should be useful is consistent with
the findings that some of the treatments used for glaucoma
also decrease oxidative stress. For instance, the carbonic
anhydrase inhibitor dorzolamide, which is used to lower
the intraocular pressure, also decreases the oxidative stress
in the eye [24]. Similarly, the p-adrenergic receptor
antagonist timolol, which is used to decrease the produc-
tion of aqueous humor by the ciliary epithelium also exerts
a direct antioxidant effect thereby protecting these cells
from oxidative stress [25].

A cross-sectional study was conducted on the roles of
vitamins A, C, and E on glaucoma in 2,912 participants
aged greater than 40 years [26]. The participants were
interviewed regarding the use of dietary supplements dur-
ing the preceding 30-day period. Serum levels of these
substances were also determined. Neither the supplemen-
tary consumption of vitamin A and E nor its serum levels
correlated with the glaucoma prevalence. However, vita-
min C consumption correlated with the decrease in the
odds of developing glaucoma. It is interesting that the
serum levels of vitamin C did not correlate as anticipated.
A major pitfall of this study is its being based on the use of
antioxidants only during a period of 30 days. Another
study on the dietary intake of 3,502 participants aged
55 years and older was based on questionnaires. It also had
a much longer follow-up (average 9.7 years) period [27]. It
aimed to determine, if the incidence of glaucoma was
affected by dietary intake of nutrients that either have
antioxidative properties (carotenoids, vitamins, and flavo-
noids) or influence the blood flow in the eye. Retinol
equivalents and vitamin B1 were found to be protective. In
another study, the incidence of glaucoma was examined in
African-American women who had osteoporosis related
fractures. A food frequency questionnaire was used in this
study [28]. It was concluded that a higher consumption of
fruits and vegetables rich in vitamins A and C and in
carotenoids may be associated with a decreased likelihood
of glaucoma in the older African-American women. In
another study, questionnaires of 76,200 participants were
followed up biennially for 6 years to determine if there was
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any correlation between the dietary supplements and the
development of open angle glaucoma [29]. Consumption of
alpha-carotene, beta-cryptoxanthin, or vitamin C or vita-
min A was not strongly associated with a decrease in the
risk of primary open-angle glaucoma.

In a Phase I cross-over study of 11 normal healthy
individuals Ginkgo biloba extract increased blood flow to
the optic nerve [30]. In another study over 6—59 months,
anthocyanins from bilberry and extracts from G. biloba
improved best corrected visual acuity [31]. Beneficial
effects of the G. biloba extracts have also been reported in
other studies [32, 33].

Macular degeneration

Age-related macular degeneration (AMD) is the most
common form of macular degeneration although the mac-
ula may also be affected in younger individuals [34]. AMD
is the most common form of vision loss in people over 50.
The back of the eye contains the light sensitive retina, and
the central part of the retina which provides the most
detailed central vision is termed the macula. Posterior to
the retina is the blood vessel containing choroid tissue,
which nourishes the retina. AMD may be either dry (more
common) or wet type. Dry AMD is due to deposition of
drusen (plaque like structures) between the macula and the
choroid. Wet AMD is due to an overgrowth of blood
vessels in the choroid and may even cause a retinal
detachment. In AMD, the loss of vision begins at the
macula and may increase to peripheral areas. The preva-
lence of AMD is age-related. For instance in the US,
~20,000 persons under the age of 50 have AMD, while
this figure increases with age to over a million after the age
of 80 [2]. The risk factors associated with AMD include
genetic, hypertension, high cholesterol, obesity, exposure
to sunlight, smoking, and oxidative stress. Early detection
of AMD has been facilitated by recent advances in tech-
nology and older patients are often recommended to take
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Fig. 2 Schematic structure of the human eye. Modified from http://
www.onlinenursingprograms.com/assets/Anatomy_and_physiology_
of_animals_Structure_of_the_eye-300x167.jpg
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dietary supplements containing antioxidants and several
products have been developed for this purpose (Fig. 2).
In the Age-Related Eye Diseases Study 1 (AREDS1), a
multicenter double blind clinical trial was conducted over
6.3 years with 3,640 subjects aged 55-80 years [35]. The
subjects received daily oral tablets containing antioxidants
(500 mg vitamin C, 268 mg vitamin E, and 15 mg B-car-
otene), zinc and copper or the three antioxidants plus zinc
or a placebo. Advanced AMD was monitored by color
fundus photography. As anticipated, in subjects receiving
only the placebo the probability of development of
advanced AMD increased with age. However, this proba-
bility decreased consistently over the years for the subjects
that received antioxidants plus zinc (Fig. 3). Subjects
receiving only antioxidants or zinc showed a smaller
decrease in this probability. Similarly, the probability of
visual acuity loss also increased with age and the increase
was smaller for the treated groups. Another similar study
(AREDS?2) has also been conducted. It included lutein plus
zeaxanthine, eicosapentaenoic acid, and docosahexaenoic
acid in addition to the previous antioxidants and showed
that these agents may add to the advantage over those used
in AREDSI1 [36]. Lutein plus zeaxanthine were of some
advantage which was not statistically significant (p < 0.1),
and eicosapentaenoic acid and docosahexaenoic acid did
not show any benefits. Interestingly, the inclusion of -
carotene increased the risk of lung cancer among the for-
mer smokers. B-carotene supplementation has also been
contraindicated by others in people who smoke or have
been exposed to asbestos [37]. A recent review based on 13
randomized control trials concluded that “people with
AMD may experience delay in progression of the disease
with antioxidant vitamin and mineral supplementation”
[38]. In contrast, a meta-analysis study concluded that there
was no benefit of antioxidants in prevention of early AMD
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Fig. 3 Effect of antioxidant supplements in the probability of AMD
with number of years in the follow up in AREDSI study [35].
Subjects in the study were 55-80 years old, and followed up for
several years. The probability of AMD development increased with
the years in both groups but the increase was smaller in the
antioxidant plus zinc group than in the placebo group

[39]. However, several of the studies considered in the
meta-analysis were not well controlled or conducted.

In another study, the effect of saffron was examined in
29 early AMD patients and an increase in visual acuity was
observed [40]. It is noted that this study was supported by
the company that marketed the saffron pills.

Retinopathy

Retinopathy occurs from persistent or acute damage to the
retina. As a result, inflammation and vascular remodeling
may occur gradually over a prolonged period. Hence, the
patient is often not fully aware of the extent of the disease
[41, 42]. Diabetes mellitus is the major risk factor associ-
ated with retinopathy. The other risk factors are hyper-
tension, sickle cell anemia, radiation, and exposure to
ultraviolet rays. The disease is most prevalent in affluent
countries—in the USA alone 4 million people over the age
of 40 suffer from diabetic retinopathy [2]. Diabetic reti-
nopathy results from damage to the microvasculature of the
retina and the light sensitive tissue at the back of the eye.
By the time the disease is evident to the patient, significant
smooth muscle and endothelial cell damage has occurred
leading to an oxygen deprived retina. The problem comes
when the tissues attempt to repair the retina and cause the
blood vessels to become occluded and ischemic [41]. One
of the changes is an increase in the vascular endothelial
growth factor pathway and hence a potential treatment is
the use of antibodies against this growth factor [42].
Another form of the disease is retinopathy of prematurity
which is limited to premature low birth weight babies and
results from a birth interrupting normal retinal vascular
development. Oxygen therapy exacerbates this condition
[43]. In some instances, the disease may also be hereditary.

In one study, the effect of antioxidant supplementation
on diabetic retinopathy was evaluated over a 5 year follow-
up period [44]. It is not clear if it was a double blind study.
However, the supplementation did not change the best
corrected visual acuity but it retarded the retinopathy stage
when compared to the patients with no antioxidant sup-
plementation. It was concluded that the antioxidant sup-
plementation could be useful only as an adjunct to the long-
term therapy of this disease. In another study, over a 6 year
period supplementation with Vitamin C and E, a limited
protection was observed [45]. Since, antioxidants are
effective in animal models as prevention but do not work
effectively in human clinical studies, it is suggested that it
is because by the time diabetes is detected too much
damage has already occurred [41]. Thus, early glycemic
control appears to be the best preventive measure in dia-
betic retinopathy.

A meta-analysis of 6 trials evaluated the effects of vita-
min E in premature retinopathy [46]. The treatment reduced
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the risk of retinopathy only in some very low birth weight
infants but some negative effects were also observed. It was
concluded that the treatment should be limited only to the
highest risk very low birth weight infants. Another study
also showed small benefits, but recommended that the
serum concentrations of vitamin E should be closely mon-
itored to prevent complications of sepsis [47]. Treatment
with vitamin E in combination with cryotherapy may also
reduce severity of the disease [48]. Lutein and zeaxanthin
have also been shown to be ineffective in the treatment of
this disease [49]. In another multicenter randomized study
for prevention of bronchopulmonary dysplasia, preterm
infants received intratracheal recombinant superoxide dis-
mutase or placebo every 48 h for 1 month after the birth and
the incidence of retinopathy was examined post hoc [50]. In
the whole cohort, there was no effect on retinopathy but
when the 24 infants born at less than 25 weeks of gesta-
tional age were considered, severe retinopathy was found in
42 9% with the placebo treatment and only in 25 % with the
superoxide dismutase treatment (p < 0.03). This reinforces
the conclusion that antioxidants may be effective only in
very low birth weight infants.

Retinitis pigmentosa

Retinitis pigmentosa includes many disorders with degen-
eration of the photoreceptor containing cells (rods and
cones) in the retina. Some authors term it pigmentary ret-
inopathy and include in it all the non-inflammatory inher-
ited diseases in which rods and cones degenerate [51]. The
disease is also characterized by specks of the black pigment
melanin in the retina. In most cases, the disease is inher-
ited. Genetic loci underlying different forms of this disease
have been reported in several chromosomes [52]. Early
symptoms of the disease are an impaired adaptation to
light/dark environment and night blindness. There are
difficulties with mid-peripheral visual fields in adolescence
and then there is a slow progressive loss of peripheral
vision over many years until only central (tunnel) vision
remains. In some patients, it may eventually cause total
blindness. The disease has been associated with apoptosis
which may be induced by multiple causes including
ischemia, toxic substances, neoplastic transformations,
radical damage, trophic factor withdrawal, and external
factors [51, 52]. The potential treatments are based on the
causes of the disease. They include gene therapy, arresting
or slowing the progression of degeneration of photore-
ceptors with antioxidants and other nutritional supple-
ments, neurotrophic factors and other pharmaceutical
agents, a regeneration of the lost tissues or photoreceptors,
and use of electronic implants [51-56].

In a randomized trial on the effects of vitamins A and E on
retinitis pigmentosa, cone electrogram amplitude was
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measured as the outcome. It was concluded that vitamin A was
beneficial in preventing a decline in this amplitude but vitamin
E had an adverse effect [57]. This publication, however, was
criticized by peers as being inaccurate as based on several
letters in the journal where the original findings were pub-
lished. For patients receiving vitamin A, the addition of
docosahexaenoic acid (an omega-3 acid) or lutein further
slowed the course of the disease [53, 55, 57]. Another study
examined the effect of the formula taurine, diltiazem and
vitamin E on the progression of visual field in this disease. A
beneficial effect of the treatment was reported [54]. It was
concluded that this benefit was “likely through a protective
action from free radical reactions in affected photoreceptors™.
However, one cannot rely on this study since the results with
individual components in the formula were not reported.

Other eye diseases

Eye infections are a major cause of blindness. Trachoma is
caused by infection of Chlamydia trachomatis. Globally as
many as 40 million people may have an active infection
and as many as 8 million may be visually impaired as a
result [1]. The disease is most prevalent in African and
Middle Eastern countries and in China and Mongolia.
Treatment with the oral or topical antibiotic azithromycin
is the most effective [58]. Onchocerciasis (also called river
blindness or Robles disease) is an African parasitic disease
caused by infection by the roundworm Onchocerca vol-
vulus. It is best treated by ivermectin [59].

Inflammation of the uvea (the vascular, pigmented
middle layer of the eye wall) may be caused by infection
from various agents or by chemical and mechanical inju-
ries. It is also common in people with autoimmune dis-
eases. It is termed uveitis and its treatment depends on the
cause of the inflammation. Vitamins C and E have been
used in several studies on uveitis but not found to be
definitively useful [60—62].

Analysis and summary

An opinion based on key useful observations from various
studies is distilled below. In today’s so-called evidence
based medical environment there are several problems in
conducting studies on the effects of nutrient supplements.
First, most humans consume antioxidants in their diet and
the antioxidant levels in the body may also be affected by
activities. Studies can at best, pretend to monitor them.
This is different from animal studies where diet and
activities can be controlled. The second problem is the
placebo effect which is not easily preventable. These two
problems together cloud the use of appropriate controls.
The third is patient compliance which is not easy over



Mol Cell Biochem (2014) 388:173-183

179

Table 1 Commercially available supplements for vision health

Supplement B Vitamin Vitamin Zinc Copper
carotene E C

Dose/
day

Zea- Comments

xanthin

Lutein

0.6 7 45 7 0.9

Icaps lutein and
omega 3

Macula complete 0.8 20 500 25 0.3

MDS AREDSI1 4.5 400 500 15 1

Oculair 0.8 134 250 20 0.3

Ocuvite 20

Preservision AREDS 4.3 134 226 35 0.8

Saffron 20/20 85

VisiVite i —defense 7.5 268
gold

150 10
500 40

Vitalux healthy eyes 1.5 150 20 1

Viteyes AREDs adv. 7.5 134 250 40 1

10 2 1 Also contains omega 3 fatty acids, Vit B
and minerals. Preparations with
different
amounts of various ingredients are

also available.

Also contains resveratrol, n-acetyl
cysteine, lipoic acid, bilberry, grapeseed
extract, green tea leaf, lycopene and
c0oQ10 30 mg

Also contains bilberry. Preparations with
different amounts of the ingredients and
fish oils are also available.

50 10 2

12 3 3 Also contains bilberry, lipoic acid,
lycopene, grapeseed extract and

n-acetyl cysteine 100 mg

1 Also contains luein and zeaxnathin.
Preparations with different amounts of
other ingredients and fish oils are also
available.

4 Preparations with different amounts of
other ingredients and fish oils are also
available.

Also contains Vit B2 and resveratrol

15 4.8 2 Also contains bilberry, lipoic acid, grape

seed extract and glutathione

Also contains lycopene, Vit B and
minerals. Preparations with fish oils and
different
amounts of § carotene are also
available.

Also contains selenium, bilberry,
grapeseed extract and lipoic acid.
Preparations with different amounts of
various ingredients are also available.

All quantities are in mg. IU were converted to mg based on the assumptions that 1 mg Vitamin A and E contain 3333 and 1.5 IU, respectively.
bilberry contains flavonoids and anthocyanosides and vitamin C. Grape seed extract- contains proanthocyanadins, green tea contains catechins,
maqui berry and wild blueberry contain anthocyanins, The above data were taken from the websites of Novartis, Persavita Ltd., Alcon, Bausch
and Lomb, macular degeneration supplements, Vitamin Health Inc., and Biosyntrx

long-term periods with nutritional supplements. Meta-
analysis studies in this area are replete with their own
problems. It is not clear if and how such studies can come
to any rational conclusions in combining studies which use
different antioxidants, different dosages of these, diverse
populations, and individual methods of assessment. As a
result, there are very few meta-studies in this area that are
really meaningful. Finally, even though nutritional sup-
plements are a multibillion dollar industry, it is nothing
compared to the allopathic industry in terms of its reve-
nues. Hence, there is a much smaller level of interest in
conducting rigorous experiments except, of course, where
conflicts of interest may be involved. Considering all these
problems, we summarize below the effects of antioxidants
on eye diseases.

For cataract, the effects of nutritional supplementation
of vitamin C, 500 mg; vitamin A and vitamin E have been
examined in several well-conducted studies with follow
ups and in well-nourished patients there is no apparent
effect on the development and progression in lens opacities
or visual acuities related to cataract. N-acetylcarnosine
containing lubricant drops may be useful in initial stages of
the disease.

For glaucoma, antioxidants were ineffectual in some
studies but in one study vitamin C consumption correlated
with the decrease in the odds of developing glaucoma and
in another retinol equivalents and vitamin B1 were found to
be protective. Interestingly, a higher consumption of fruits
and vegetables rich in vitamins A and C and carotenoids
may be associated with a decreased likelihood of glaucoma
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Table 2 Antioxidant contents of fruits, vegetables, and snacks

Common name Botanical name B Vitamin Vitamin Zinc Copper Lutein + zeaxanthin
carotene E C

Bilberry Vaccinium myrtillus 0.05 1.9 15 0.2

Blackberry Rubus fruticosus 24 1.2 21

Black currant Ribes nigrum 0.1 2.2 120 0.3

Blueberry Vaccinium corymbossum 0.07 1.7 18.3 02 0.03

Amla indian gooseberry Embilica officinalis 0.2 27.7 0.1  0.07

Chokecherry Prunus virginiana 0.03 1.7 0.7 0.2  0.07

Crowberry, blackberry Empetrum nigrum 0 51 0.1 1

Elderberry Sambucus nigra 0.4 36 0.1  0.06

Goji berry Lycium barbarum 7 20 2 162

Raspberry Rubus idaeus 0.03 0.9 26.2 04  0.09 0.14

Huckleberry Vaccinium parvifolium 0.05 0 2.8 0 0

Rowanberry Sorbus aucuparia 0.03 1.2 98 0.3

Sea buckthorn berry Hippophae rhamnoides 0 165 2.6 3 0

Sour cherry Prunus cerasus 0.8 0.07 10 0.1 0.1 0.09

Strawberry Fragaria x ananassa 0.01 0.25 59.2 0.14 0.05 0.03

Cranberry Vaccunium macrocarpon 0.04 1.2 133 0.1  0.06 0.09

Lemon fruit-skin Citrus medica var. limonum 0.02 0.16 529 0.05 0.04 0.01

Key lime Citrus Aurantifolia 0.05 0.2 30 0.08 0.03 0

Guava Psidium guajava 0.4 0.7 228.3 0.23 0.23 0

Sugar apple, sharifa Annona squamosa 0.07 36.3 0.1

Ber, chinese apple, jujube  Zizyphus mauritiana 0.02 76

Grapes red Vitis vinifera 0.07 0.2 10.8

Loquat Eriobotrya japonica 0.9 1 0.05

Phalsa, falsa Grewia asiatica 16.11 4.4 144 048

Peach Prunus persica (Aroo 0.2 0.7 6.6 0.17 0.07 0.09

Plum Prunus domestica 0.2 0.3 9.5 0.1  0.06 0.07

Anar, pommegranate Punica granatum 0 0.6 10.2 0.35 0.16 0

whole

Orange, navel Citrus sinensis 0.07 0.2 45 0.08 0.04 0.13

Beets Beta vulgaris 0.02 0.04 4.9 0.35 0.08 0

Broccoli Brassica oleracea 0.4 0.8 89.2 042 0.05 14

Tomatoes Solanum lycopersicum 0.5 0.6 12.7 0.18 0.06 0.12

Green bell peppers Capsicum anuum 0.4 0.4 80 0.1  0.07 0.034

Carrots Daucus carota 8.3 0.7 59 0.24 0.05 0.26

Kale Brassica oleracea-acephala 13.6 0.9 41 024 0.16 18.25

acephala

Peppers (red, yellow) Capsicum anuum 1.7 1.8 127.7 025 0.02 0.05

Pecans (with pellice) Carya illinoinensis 0.03 25.7 1.1 4.5 1.2 0.02

Walnuts (with pellicle) Juglans regia 0.02 31.7 1.7 34 136 0.01

Peanuts raw Arachis hypogaea 0 8.3 0 33 114 0

Chocolate 70 % columban Theobroma cacao 0.02 10.1 33 1.8 0.03

Contents shown in Table 1 were selected. All contents are in mg/100 g. Key sources of data are [64] and the websites: http:/lifestyle.iloveindia.
com/lounge/benefits-of-amla-1503.html, http://health.learninginfo.org/wolfberries.htm, http://nutritiondata.self.com/facts/ethnic-foods/8104/2,
http://www fineli.fi/, http://webprod3.hc-sc.gc.ca/cnf-fce/index-eng.jsp, http://ndb.nal.usda.gov/ndb/search/list, http://www.endmemo.com/health/.
Key entries were also double checked with original journal articles. As an example, the high zeaxanthin content in gojiberry was verified from [65]
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in older African-American women. Similarly, the extracts
of the herb G. biloba have been found useful in several
studies. However, the role of the placebo effect in these
studies cannot be ruled out.

For AMD, the multicenter double blind AREDSI,
showed that daily oral tablets containing antioxidants
(500 mg vitamin C, 400 IU vitamin E, and 15 mg beta-
carotene) plus zinc decreased the probability of develop-
ment of advanced AMD with age compared to the control
subjects. Beneficial effects of antioxidants on AMD have
also been observed in several other studies but not in all of
them. Beta-carotene supplementation is contraindicated in
people who smoke or have been exposed to asbestos.

For diabetic retinopathy, an early glycemic control
appears to be the best preventive measure but antioxidant
supplementation may be useful only as an adjunct. In
premature retinopathy, the benefit of antioxidants is lim-
ited to very low birth weight infants and excess vitamin E
should be avoided as it may lead to sepsis.

For retinitis pigmentosa, vitamin A, DHA and lutein
may be beneficial, but vitamin E may have an adverse
effect. For eye infections and other causes of uveitis, anti-
oxidants have not been found to be very effective.

Conclusions and recommendations

Humans are living longer lives than before. The oxidative
stress levels and vision health both worsen with age. With
this association, one can consider the increased oxidative
stress as a risk factor in age-related vision health. However,
oxidative stress is not the only risk factor. There are also
environmental factors, such as prolonged exposure to
ultraviolet rays, eye infections, and physical injury factors.
Precautions against them should be primary. The use of
medical procedures and pharmacological treatments is
pivotal to prevention and treatment of vision loss. Having
said that, can antioxidant containing food supplements be
used for the betterment of vision health? In the case of
AMD, glaucoma, and low birth weight retinopathy it is
most likely but for other diseases, it is questionable. One
can turn this question around and ask if it can be harmful to
take antioxidant supplements as a precautionary measure.
Except for the use of excessive vitamin E in retinal pig-
mentosa, no harm has been proven.

The antioxidant containing supplements in the market
today are expensive. Also, considering the case of African-
American women discussed in this paper, one may ask why
not rely on foods for the antioxidants. Table 2 compares
the antioxidant contents per 100 g of fruits and vegetables
with those of the supplement products listed in Table 1.
Carrots, kale, phalsa, and gojiberry are rich in B-carotene

while chocolate, nuts, and sea buckthorn berry are rich in
vitamin E. Vitamin C is present in many fruits and vege-
tables with guava being one of the richest sources. Choc-
olates and nuts are also rich in zinc and copper. Kale, the
superfood is also rich in lutein and zeaxanthin, while go-
jiberries are extremely rich in zeaxanthin. Gojiberries,
guava, and tomato also contain large amounts of lycopene
that is present in many of the vision health nutrient sup-
plement products (not shown in Tables 1 or 2). Some herbs
and spices may also be rich in antioxidants but they are not
listed here since they are consumed in much smaller
amounts than the fruits and vegetables.

Is nourishment based on locally available antioxidant
rich foods sufficient for everyone? The daily dose of these
antioxidants used in the AREDS?2 trial was 15 mg B-car-
otene, 268 mg vitamin E, 500 mg vitamin C, 80 mg zinc as
zinc oxide, 2 mg copper as copper oxide, 10 mg lutein, and
2 mg zeaxanthin [36]. A comparison with these doses may
not be a perfect answer since it is not clear whether this
amount of each of these components is really needed. The
ranges of the daily doses of the antioxidant contents in the
various supplementary products listed in Table 1 are:
0-17 mg B-carotene, 7-536 mg vitamin E, 45-3,000 mg
vitamin C, 7-150 mg zinc, 1-3 mg copper, 0-100 mg
lutein, and 1-6 mg zeaxanthin. Similarly, the various
studies have also used different doses and combinations of
the antioxidants [63]. In one paper, the following are the
recommended daily amounts for a non-smoking male:
15 mg vitamin E, 90 mg vitamin C, 15 mg zinc, and 6 mg
lutein [63]. These are quite different from the AREDSI or
2 studies. Based on the study discussed in this paper on
African-American women, the ARED1 and ARED2 studies
and the variability in the products used in the market and in
the doses used in different studies, we make the following
general recommendations. We recommend that a diet high
in antioxidant rich foods should be developed as a habit
from an early age. However, when initial signs of vision
health deterioration are observed, the appropriate nutri-
tional supplement products may be recommended but only
to augment the primary medical treatments. The appro-
priateness of the recommendation should also include
considerations of potential adverse effects in segments of
the populations.
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