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Do you recommend nutrition supplements? Do they really work? There is a great deal
of confusing, and often conflicting information out there. In this issue we review some
of the newer information on supplements relevant to eyecare.
Happy reading.

Nina Kriel

Anti-oxidants
Oxidation is aging. It is the normal, inevitable damage to our cells over time. Several
nutrients (vitamins and minerals) and enzymes have anti-oxidant properties, intended
to manage the build up of free radicals that result from, well, life. Oxidative stress occurs when there is an imbalance: Too many free radicals for the protective abilities of
the nutrients and enzymes that we have available to try and stay the damage. Free
radicals are chemically active atoms that are missing electrons or have extra electrons. Because they have the ’incorrect’ number of electrons, they generally carry a
charge. Free radicals containing oxygen are called reactive oxygen species (ROS)
and are the most biologically significant free radicals. ROS include the radicals superoxide & hydroxyl, and also other derivatives of oxygen that do not contain unpaired
electrons, e.g. hydrogen peroxide, singlet oxygen, and hypochlorous acid. Being
short of an electron makes free radicals unstable; desperately scavenging for, or
trying to dump electrons. When they grab or donate one, they damage the affected
cell, protein or DNA. What’s worse, it sets off a chain of donating or grabbing electrons (chain initiation) which causes excessive oxidation.
Oxidation is what makes apples go brown, metals rust and oils go rancid, but it’s not
all bad. Bacteria are susceptible to oxidative damage too, so it’s one of the body’s
defence mechanisms. The problem arises when oxidants accumulate due to external factors. Oxidation is the (normal) result of exercise, metabolism and inflammation,
but is also caused by smoking, pollution, UV- and X ray spectrum radiation
and alcohol.
There are 2 ways of combating oxidation:
1.

2.

Enzymes such as superoxide dismutase (SOD), catalase
(CAT) and glutathione peroxidase (GPx) prevent oxidation
by reducing the rate of chain initiation.
Nutrients such as beta carotene and vitamins C & E stop
oxidation by breaking the chain of giving and receiving electrons.

Vitamin E is the generic term for at least 8 different tocopherol isomers. Alphatocopherol is the most common and has the highest biopotency (strongest effect)
and, being fat soluble, can enter and protect the lipoprotein cell membranes. Alphatocopherol also protects the fats in low-density lipoproteins (LDLs) from oxidation.

Vitamin C (ascorbic acid) is water-soluble and acts inside cells. Vitamin C is required
for vitamin E stability.

Beta-carotene is the most widely studied of the large group of colourful plant pigments called carotenoids. While most carotenoids are anti-oxidants, only some of
them can be turned into vitamin A by the body. These are sometimes referred to
as provitamin A. Beta carotene can scavenge free radicals in low oxygen concentration environments, making it particularly valuable for patients with diabetes and
blood/ circulatory disorders.
Lycopene, zeaxanthin and lutein are also carotenoids. Although carotenoid antioxidants in food protect against cancer, three studies involving 69,000 participants,
many of them smokers, found that beta-carotene supplements increased the rate of
lung cancer. It may be that the timing of the beta-carotene exposure is critical. In the
early stages, before cells have undergone pre-cancerous changes, the anti-oxidant
action of the carotenoids may suppress mutations. However, taking supplemental
beta-carotene once cell and DNA mutations have already taken place may simply
serve to protect the mutated cell against one’s own immune system. Until we know
more, this and the AREDS studies suggest that no form of vitamin A supplementation
should be recommended to smokers, who are already at increased risk of lung
disease.

Selenium and zinc are trace elements, vital to the functioning of anti-oxidant
enzymes such as glutathione peroxidase (GPx), superoxide dismutase (SOD)
and catalase (CAT). SOD first reduces (i.e. adds an electron to—remember learning
about redox reactions?) the radical superoxide (O2-) to form hydrogen peroxide
(H2O2) and oxygen (O2).
2 O2- + 2H → H2O2 + O2
Catalase and GPx then work simultaneously with the protein glutathione to reduce
hydrogen peroxide and ultimately produce water (H2O):
2 H2O2 (with catalase) → H2O + O2

Coenzyme Q10 (CoQ10, or ubiquinone) is anti-oxidant and essential to energy
production

Uric acid, a product of DNA metabolism, is now recognized as having anti-oxidant
properties.

Do anti-oxidants protect or promote vision?
Cataract is the biggest cause of blindness in the world. Although it can be addressed
fairly simply, it often is not. There may not be access to surgery, or the uptake may be
low, but millions of people today are cataract blind. A medication or supplement to
delay the onset of cataracts would have significant public health implications.
In an 11-year study of 14,641 U.S. male doctors aged 50 years or older, researchers
found that long-term daily multivitamin use decreased the risk of cataract but had
no significant effect on visually significant (6/9 or worse) age-related macular degeneration. Over the 11.2 years of treatment with either a multivitamin or a placebo,
there were 1,817 cases of cataract (872 in the multivitamin group and 945 in the
placebo) and 281 cases of visually significant AMD, 152 of which came from the
multivitamin group compared to only 129 from the placebo.

Some medications are anti-oxidants. Disulfiram, for example, inhibits reactive oxygen
species by generating enzymes such as amino-guanidine (a nitric oxide synthatase
inhibitor). A little tangent: Disulfiram is Antabuse, used in the management of alcohol
addiction. In low doses, it protects hepatocytes from peroxidation by alcohol related
products such as allyl alcohol, tert-butyl hydroperoxide, hydrogen peroxide and diethyl maleate. Too much disulfiram, though, causes toxic cell injury. Disulfiram also
indirectly prevents the uptake of Ca2+ and may prevent cataract development.

Too much of a good thing?
Since 1941, the Food and Nutrition Board has reviewed scientific literature to study the
ways in which nutrients protect against disease. By interpreting research and including data on consumption of nutrients, the Food and Nutrition Information Centre’s
website gives meta-analysis based guidance about Dietary Reference Intakes (DRIs)
which includes 4 reference values:

Estimated Average Requirements (EAR): he average daily nutrient intake level
estimated to meet the requirement of half the healthy individuals in a particular
life stage and gender group.

Recommended Dietary Allowances (RDA): The average daily dietary nutrient
intake level sufficient to meet the requirement of nearly all (97 - 98%) healthy
individuals in a particular life stage and gender group. (See list of nutrients.)

Adequate Intakes (AI): he recommended average daily intake level based on
observed or experimentally determined approximations or estimates of nutrient
intake by a group (or groups) of apparently healthy people that are assumed to
be adequate-used when an RDA cannot be determined


Tolerable Upper Intake Levels (UL): The maximum amount of a nutrient that
healthy individuals can take each day without risking adverse health effects.

On the website you can view the DRIs of a list of nutrients per age group or sex, or
you can click here to enter details for personalised nutrient recommendations.

Once thought to be harmless, we now know that supplementing with industrial doses
of antioxidants (exceeding the UL) can be harmful due to their potential toxicity and
interactions with medications. In fact, antioxidants at high levels may be pro-oxidant.

What doses should we be suggesting to patients? Just last month, the US Preventive
Services Task Force released their report on Vitamin, Mineral and Multivitamin Supplements for the Primary Prevention of Cardiovascular Disease and Cancer. The Council
for Responsible Nutrition (CRN) responded to the initial findings of the US Preventive
Services Task Force, pointing out that ‘no recommendations [are made] on the value
of vitamins and minerals for overall health and wellness or for filling nutrient gaps, the
area for which research tells us that consumers are most likely to take them.’
You can click on the coloured hyperlinks for the complete reports, but in short,
the jury is still out. Controlling the multitude of factors that impact on our health is
extremely difficult and good data is scarce. The CRN report says: ‘We strongly support
both the need for more research and the need for the scientific community to come
to terms with a rigorous approach to studying nutrition that may not reflect the
current model of studying drugs… In the meantime, there are real-life reasons why
people should take vitamins and why so many doctors recommend them.’
Let’s look at some of the studies:










The Alpha-Tocopherol Beta-Carotene Cancer Prevention Study (ATBC) involved
Finnish men who were heavy smokers and alcohol drinkers. The volunteers were
either given 20mg of synthetic beta-carotene, 50mg of vitamin E, a combination
of the two, or a placebo. After 8 years, the men who took vitamin E had 32%
lower incidence of prostate cancer and 41% fewer prostate cancer deaths.
However, after only 4 years, there were 16% more cases of lung cancer and 14%
more lung cancer deaths in the beta-carotene-only group.
In the Carotenoid and Retinol Efficacy Trial (CARET), volunteers were either
smokers or asbestos workers. They were given a combination of 30mg of synthetic beta-carotene and 25,000 International Units (IU) of retinol (pre-formed
vitamin A) or placebo. This study was stopped early because preliminary findings
showed a 28% increase in lung cancer in the beta-carotene group.
The Physicians' Health Study (PHS) of 22,000 physicians, 11% of whom were smokers and 40% past smokers, showed neither a protective effect nor a toxic effect
after 12 years of follow-up. The participants were randomized to receive either
50 mg of beta-carotene every other day or placebo. (PHS2 is currently evaluating beta-carotene, vitamin E, vitamin C, and a multivitamin with folate in healthy
men, 65 and older for slowing cognitive decline.)
A 1997 study found that 60mg of vitamin E a day strengthened the immune system in healthy patients over 65; 200mg had improved immunity 4-6 fold over 4
months but 800mg of vitamin E resulted in worse immunity than no supplement!
The Age-Related Eye Disease Study (AREDS) was a randomized, placebocontrolled clinical trial first reported in 2001. High-dose supplementation (500mg
vitamin C, 400 IU of vitamin E, 15mg of beta-carotene, 80mg of zinc, and 2mg of
copper) significantly reduced (25% less) development of AMD compared to a
placebo. In addition, the antioxidant-plus-zinc group had significant reduction in
rates of at least moderate VA loss.



The subsequent AREDS2 assessed the effects of oral supplementation of macular
xanthophylls (lutein and zeaxanthin) and/or long-chain omega-3 fatty acids
(docosahexaenoic acid) [DHA] & eicosapentaenoic acid [EPA] ) on progression
to advanced age-related macular degeneration (AMD). Because oversupplementation with zinc and beta carotene has proven risks, a secondary
goal of AREDS2 was to check whether lower doses of zinc and beta carotene is
as protective of the macula as the high doses used in AREDS. The report was
released last year:
Lutein & zeaxanthin make a significant difference, especially in those who
had low dietary intake to start off with. It’s never too late to start supplements.


Adding beta carotene does not help because of competitive absorption of
beta carotenes. A shotgun approach to supplements is not best, and more is
not necessarily better.


We know that zinc is an important component of the AREDS formulation but
AREDS2 does not tell us how much is necessary. Too much zinc increases the risk
for genitourinary disease in men.


Omega 3 fatty acids and beta carotene do not reduce risk of progression
to advanced AMD, but lutein and zeaxanthin instead do seem protective.


Let’s briefly review AMD:
In general, about 14 - 20% of dry AMD patients will convert to wet in 5 years.
A further 10% will develop wet AMD in the eye that did not have large drusen or RPE
hyperpigmentation. This goes up to about 30% for fellow eyes that do have either
large drusen or pigment clumps and 50% for eyes that have both.
Several studies show that regularly including fish and nuts in the diet reduced the risk
of progression while higher total fat intake, higher vegetable fat intake, saturated,
monounsaturated, polyunsaturated and trans unsaturated fat intake all increased
the likelihood of progression. Patients with a diet high in animal fat are twice as likely
to convert to wet AMD in 5 years.
Macular pigments e.g. lutein, zeaxanthin and mesozeaxathin have an absorption
spectrum of between 400nm and 540nm. These pigments are integral in blocking
harmful blue and low ultraviolet wavelength light. We already know that carotenoids
serve as antioxidants and prevent degenerative eye disease by scavenging for free
radicals and reducing ROS.
The original AREDS formulation included purified vitamin C, vitamin E, beta-carotene,
zinc & copper, 500mg/d ascorbic acid ; 400 IU/d vitamin E; 15mg/d beta-carotene;
80 mg/d zinc oxide and 2 mg/d cupric oxide. This cocktail reduced the risk of developing advanced AMD from 28% to 20%. AREDS researchers also compared mortality
rates for those using high doses of antioxidants or zinc. Those randomly assigned to
receive zinc had lower mortality than those not taking zinc.
There is evidence that visible blue and ultraviolet light can damage the retina
through superoxide radical production, so the Randomized Trial of Beta–Carotene
and Macular Degeneration study is currently looking into whether one 50mg betacarotene capsule taken on alternate days protects against AMD development and
whether additional risk factors emerge. On the other hand, research suggests that UV
is absorbed before it reaches the retina, and cannot contribute to local damage.

The Lutein Antioxidant Supplementation Trial (LAST) showed that patients who took
lutein had a mean macular pigment optical density (MPOD) increase of about
0.09 log units from baseline. A high MPOD is thought to decrease the risk for AMDrelated vision loss. In fact, in the LAST study, VA improved by 5.4 letters on 10mg of
lutein and 3.5 letters in those taking lutein and antioxidants. Amsler grid and contrast
sensitivity functions improved in both groups while the placebo group had no
change in VA, CSF or Amsler.
Although statins and melatonin are not strictly nutritional supplements, they are relevant to AMD. Because melatonin can influence eye pigmentation, it was hypothesised that the physiological decrease in melatonin with age may contribute to AMD
by disrupting RPE function. A small study (100 patients, both wet and dry AMD) suggested that the melatonin group were more stable, at least in terms of fundus photography after 6 months, but it did not translate into better VA. A subsequent article
speculates that the protection from melatonin may be due to its well documented
anti oxidant properties, but also the restoration of the inner blood retinal barried, reduced VEGF, nitric oxide and horseradish peroxidise levels, inhibition of hypoxiainducible factor-1 alpha (HIF-1 alpha) and prevention of RPE telomere shortening.
Statins, while never prescribed to protect the macula, were lauded for their fortuitous
protection of the macula. Atherosclerosis and abnormal lipid metabolism are associated, after all, with an increased AMD risk. Statins (hydroxymethyl glutaryl coenzyme
A reductase inhibitors) modify patients' lipid profile, lower their risk of coronary heart
disease, prevent stroke and, possibly, Alzheimer's disease.
More recent research reviewing over 100 000 statin patients aged 60 or older paints a
more complicated picture. (Doesn’t it always?) Statin use was not found to be associated with the development of dry AMD, but in patients who had been on statins for
longer than 1 year, the incidence of wet AMD was higher. Also, the higher the lipid
level, the higher the risk for developing wet AMD. For now, let’s stick to statins being
cardio-protective.
Talking about hearts, but back with actual supplements, the American Heart Association, does not recommend using anti-oxidant supplements ‘until more complete data
are in,’ but does recommend that ‘people eat a variety of foods daily from all of the
basic food groups.’ The US Food and Nutrition Board of the Institute of Medicine concurs that nutrients should come from food and not supplements. They warn that there
may be risk of diarrhoea, bleeding and toxicity with excessive supplementation.
Excessive vitamin E supplementation may impair clotting and promote haemorrhaging. Vitamin E supplementation was associated with increased risk of heart failure
in people with diabetes and vascular disease in the Heart Outcomes Prevention
Evaluation (HOPE) Study.
Too much vitamin C can lead to diarrhoea and other GI disturbances while extremely
high levels may lead to cancer, atherosclerosis and kidney stones. Excessive selenium
supplementation leads to hair loss, skin rashes, fatigue, GI problems and nervous system abnormalities. Too much beta carotene can cause yellowish skin discolouration.
Clearly, ill-advised supplementing is not the right approach. When patients are at risk
for, or starting to develop AMD, it seems that the benefits start to outweigh the risks.

Identifying those at risk.
An OCT, if you have one, is great for mapping of drusen, subretinal fluid, retinal pigment epithelium (RPE) detachment and CNV, making them ideal for AMD detection
and monitoring. Fundus autofluorescence imaging, or FAF, permits the non-invasive
visualization of lipofuscin accumulation. Lipofuscin is a polyunsaturated fat that remains in overabundance secondary to errant RPE elimination and is a primary constituent of drusen formation. The RPE, which phagocytizes the outer segments of photoreceptors, accumulates autofluorescent lipofuscin. Loss of RPE autofluorescence
signifies histological disruption or death of the RPE and photoreceptor layers and
could represent early disease or a marker of susceptibility.
The Amsler grid has been used to measure and monitor
AMD but the scotomas and metamorphopsia are easily
missed due to cortical fill-in, poor fixation and the crowding phenomenon. Sometimes patients just don’t
understand.
Vernier, or hyperacuity—the ability to align two lined
segments— may be useful in the early identification of
RPE elevations that indicate dry-to-wet AMD conversion.
Hyperacuity is only possible with normal histological arrangement of photoreceptor cells in the retina. If the RPE or neurosensory retina shifts,
the objects are perceived elsewhere. Two instruments measuring vernier acuity are
available, both measuring the central 14° field and detecting misalignments of 3-6
seconds of arc. Both devices are 82% accurate for detecting new CNV and the
method has a low (8.1%) false positive rate. Still, I’d rather put my money towards an
OCT.

Polyunsaturated fatty acids
There are two groups of polyunsaturated fatty acids: omega-3 fatty acids and
omega-6 fatty acids. Both are being recommended by healthcare providers for
other reasons e.g. for optimal neurodevelopment in children, or healthier skin and
connective tissue in older adults. The retina contains high levels of the omega-3 fatty
acid docosahexaenoic acid (DHA), particularly in the disc membranes of the
photoreceptors. The omega-3 fatty acid eicosapentaenoic acid (EPA) reduces
inflammation, which may be a contributor to AMD. Several studies have looked at
diets high in omega-3 fatty acids or including oily fish in the diet. It appears that the
risk is 25% to 38% lower for developing AMD, but there are not randomised controlled
trials.
Living, as we do, exposed to considerable blue and UV light, we tend to recommend
protective spectacles or contact lenses. Certainly the anterior segment is at risk for
damage, but the light is progressively absorbed as it passes through the lens and vitreous, suggesting that blue and UV light are not contributors to AMD. We used to
think that supplements were harmless, and those at risk were advised accordingly.
We now know that that is not the case. Because of the public health implications of
finding a modifiable risk factor, blue light is getting a second look. ‘Laboratory evidence has demonstrated that photochemical reactions in the oxygen-rich environment of the outer retina lead to the liberation of cytotoxic reactive oxygen species

(ROS)’ which cause oxidative stress, known to contribute to AMD development. ‘The
precise chromopore that may be involved in the pathogenesis of AMD is unclear but
the age pigment lipofuscin is a likely candidate. Its aerobic photoreactivity and adverse effects on antioxidant activity combined with its gradual accumulation over
time suggests that its in vivo phototoxicity increases with age despite changes in the
absorption characteristics of the crystalline lens… Studies of human macular pigment
density and the risk of AMD progression following cataract surgery lend further weight
to the hypothesis that blue light exposure has a role in the pathogenesis of AMD…’
The Royal College of Ophthalmologists’ 2013 document ‘Age related macular
degeneration: Guidelines for management’ says that ‘despite conflicting results it
would seem prudent to advise sunglasses with 100% protection against UVA and UVB
radiation in bright environments. Sunglasses provide roughly 50% more UV-blue photoprotection than either violet or blue blocking intraocular lenses.’ It also says that
good quality anti-glare spectacles are essential for those who struggle with AMD
related glare, but it does not suggest that they offer any protection against the
disease.

In summary:
Current evidence suggests,
but does not yet confirm
that blue light is a risk factor
for AMD. Certain nutrient
combinations certainly
delay the progression from
dry to wet AMD, particularly
in those at risk. However,
nutrients used in inappropriate doses and combinations
may pose a risk to the
patient. Nutrition and health
dietary habits should be
discussed with patients and
reinforced at each visit.
While neither supplements
nor blue/ UV protective
lenses may reduce the risk of
AMD, at least UV protective
lenses do not bring their own
risks. More information/
evidence is required.

Questions

More than food

1. All oxidation is the result of trauma or disease.
2. Reactive oxygen species always carry a
chemical charge e.g. O23. The E vitamin, alpha-tocopherol prevents
oxidation of low-density lipoproteins (LDLs).
4. Carotenoids are water soluble so excesses
are inert and simply pass through the system
into the urine.
5. Co-enzyme Q10 and uric acid are second
phase free radicals.
6. Recommended Daily Allowance (RDA)
values exist for 97 - 98% of nutrients known
today.
7. AREDS found that a cocktail of vit C and E,
beta carotene, zinc and copper reduced
conversion to wet AMD by 25% as compared to placebo.
8. Lipofuscin is found in drusen.
9. Amsler measures the central 14° of vision.
10. Patients should be encouraged to use EPA
and use statins as they are cardioprotective
and also protect the macula.

The theme in this issue is that we
should look carefully at what we
eat. Look twice: These landscapes
are made entirely of food.

Please log in on www.synapse.org.za to answer
your questions online. Certificates will be emailed after submission.
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Something fishy
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Cabbage ocean

Cucumber bridge
Ham landscapes

