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Summary:
Age-related macular degeneration (AMD) is a vision-threatening ocular disease, affecting the central region
of the retina — the macula — and manifesting in the elderly. Its pathogenesis is multifactorial, molecularly
complex and only poorly recognized. AMD is a degenerative disease, and the degeneration affects primarily
the retinal pigment epithelial (RPE) cells and secondarily the photoreceptors, which leads to disturbances or
partial loss of central vision and legal blindness. Principal processes contributing to the development of the
disease include: oxidative stress, lipofuscinogenesis, drusogenesis and local inflammation (so-called parainflammation). A severe complication of clinically recognized dry form AMD (geographic atrophy) is the
aggressive neovascularization originating from choriocapillary system (CNV; wet form AMD). At present,
there are no therapeutic agents capable of slowing or inhibiting degeneration process in the photoreceptorsRPE complex, therefore preventive rather than therapeutic modalities are under consideration; they include
properly adjusted everyday diet and intake of dietary supplements, both rich in antioxidants of which macular pigments (lutein, zeaxanthin, meso-zeaxanthin) are of particular importance. Long-chain unsaturated
omega-3 fatty acids (PUFA-ω3) are also recommended to people with already progressing AMD and at an
increased risk of the disease development. Despite wide commercial offer of “ophthalmic” antioxidative and
PUFA-ω3-rich preparations, no convincing evidence is available to date to support their protective activity in AMD patients. AREDS-2 clinical trials that actually approach completion may likely provide more
conclusive answer whether macular pigments (lutein, zeaxanthin) and PUFA-ω3 (EPA, DHA) can really be
useful for AMD patients. The aim of this article is twofold: 1. it presents molecular mechanisms underlying
the early stages of AMD pathogenesis, which form a platform for the disease development, and 2. it provides
a critical appraisal of the prophylactic/therapeutic value of properly profiled diet and the intake of “ophthalmic” dietary supplements rich in macular pigments and omega-3 PUFAs.
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Introduction
This article refers to an earlier article by the same
author, entitled Dry form AMD — do we know
how to treat it?, published in 2011 in issue 5(1)

of Magazyn Lekarza Okulisty [1] — a Polishlanguage journal specialized in ophthalmology
and widely distributed among ophthalmologists.
There are no drugs specific to this condition; the
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therapeutic approach focuses on prophylaxis in
the form of properly profiled diet and the intake
of dietary supplements. The number of these supplements is constantly growing, and all of them
are freely available, i.e. without prescription. The
available supplements differ in both qualitative
and quantitative composition. A detailed analysis of supplements available at Polish market
as described by the author in 2010 in an article
entitled Ophthalmic antioxidant preparations:
a survey and supportive arguments for their use
in AMD [2], included 73 products — all of them
contained the macular pigment — lutein, some
contained also zeaxanthin, and only one contained three macular pigments, namely lutein,
zeaxanthin and meso-zeaxanthin.
Currently nearly 100 ophthalmic antioxidant
preparations are available only at Polish market. This does not include numerous preparations containing polyunsaturated fatty acids
of the omega-3 series (PUFA-ω3), discussed by
the author in his earlier study entitled Omega-3
polyunsaturated fatty acids in retina and medical
practice — pros and cons [3]. Ophthalmologists,
as well as patients, may have and, according to
author’s knowledge, indeed have problems with
choosing an appropriate preparation. However,
resorting to dietary supplement may be perhaps unnecessary if appropriate choice of food
products is made for one’s everyday diet. The
author hopes that this study, confronting the
dietary and supplementation aspects of prophylaxis will contribute to appreciation of the role of
everyday diet rich in selected products in AMD
prophylaxis and acknowledging the value of such
diet as not inferior to that of pharmaceutical
supplementation.

AMD – origin and development
of the pathology
Age-related macular degeneration (AMD) develops inconspicuously over many years. Despite
numerous studies conducted worldwide, the
pathogenesis of the disease is not fully understood. Due to the plurality of factors, both endogenous (e.g. genetic predispositions) and exogenous (history of exposure to light) or behavioral
(e.g. smoking, improper diet), which might predispose, or even contribute to the development
of the disease, the critical physiological processes
responsible for the vision process (e.g. the visual
2

excitation cascade) move beyond the limits of
homeostasis, creating a biochemical platform for
the future pathology [4–9]. This involves intensified lipofuscinogenesis in retinal pigment epithelium (RPE) cells, formation of drusen and
pseudodrusen — the former occurring under the
RPE monolayer (i.e. in the direction of Bruch’s
membrane), the latter above the RPE monolayer
(i.e. towards photoreceptors) and next, a chronic
inflammatory process known as para-inflammation. All these phenomena contribute to the
development of AMD. Clinically, AMD can be
divided into the dry, or atrophic, form (known
as geographic atrophy), and wet — exudative, or
neovascular form; the latter can be considered a
complication of the atrophic form manifesting as
choroidal neovascularization (CNV) [1,4,5].
Aging favors the development of AMD, particularly in predisposed individuals (due to concomitant presence of the risk factors listed above); the
term “age-related” in the disease name – AMD is
fully justified, as the age is the major (albeit individual, i.e. specific to each subject) and unavoidable determinant of various dysfunctions at the
cellular and organ level, including these associated with the deficiency of necessary microelements/nutrients or with the loss of function in
the aging cells — particularly post-mitotic, i.e.
non-regenerable cells. While the lacking microelements/nutrients may be supplied from the
outside, thus attempting to compensate for their
deficiency in particular cells/tissues, we are unable until now to stop the systemic aging process.
Our bodies contain many non-regenerable (postmitotic) cells, particularly within the central
nervous system. These include the photoreceptors (only the external segments that contain
photopigments are subject to regeneration) and
retinal pigment epithelium (RPE) cells. In the
pathogenesis of AMD, RPE cells are the first cells
that become metabolically inefficient and thus
undergo degeneration; dysfunction and atrophy
of photoreceptors is secondary, as they are unable to function and survive without functionally
efficient RPE cells, and therefore also undergo
degeneration. The pathological process involves
mostly a small region of the retina, known as
the macula, where cone photoreceptors, responsible for acute and color vision, are predominant. Therefore, first clinical symptoms of AMD
include blurred vision, defects of central vision of
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various intensity or gradual loss of color vision,
“warping” of perceived images [10,11]. Early form
of AMD is often referred to as age-related maculopathy (ARM).
When the eyes are open, photoreceptors are
continuously working, absorbing light photons
and “recording” the image of the environment.
Similarly to TV cameras being turned on, eyes
record this image in an automatic fashion, generating the first signal of a complex, multisynaptic
vision process. Photoreceptors’ outer segments
(POS), filled with visual pigment molecules, are
characterized by significant functional dynamics; they wear off upon continuous function and,
as a consequence, the apical fragments are constantly shed and captured by neighboring RPE
cells. At the same time, POS is being rebuilt in
order to maintain appropriate size (which is an
important parameter determining the efficacy
and survival of photoreceptors!). Regeneration
proceeds from the perikaryon, i.e. the photoreceptor inner segment (PIS) and requires numerous building blocks, including docosahexaenoic
acid (DHA). These building blocks are supplied
by the RPE cells and originate partly from the
captured POS fragments and partly from circulation (consumed food) [9].
One of the many important roles played by the
RPE cells is “digestion” of the absorbed (and continuously being absorbed) photoreceptor material stored in phagolysosomes. Despite the fact
that phagocytosis and enzymatic degradation
occurring as a result of the activity of numerous
lysosomal enzymes are physiological processes
that had developed over thousands of years in
creatures dwelling on Earth and making use of
the visual organ system (retinal processes that
govern visual perception in many vertebrates,
including humans, are generally very similar),
they seem to be of limited efficacy, at least in
humans. This claim is supported by systematic
accumulation of lipofuscin, known as the age
pigment, in RPE cells.
Lipofuscin and the process of its formation, i.e.
lipofuscinogenesis, are not the attributes of RPE
cells and connections between photoreceptors
and RPE, as they are also present in other nonrenewable cells, such as neurons, cardiomyocytes
or skeletal muscle cells. However, it is in this
region of the eye, or more precisely, of the retina,

i.e. in the photoreceptors/RPE cells region, where
a unique characteristics of lipofuscin accumulated in RPE cells becomes evident: lipofuscin
contains retinoids (vitamin A derivatives) originating from the visual cycle, particularly bisretinoids — products of spontaneous fusion of
two molecules of all-trans-retinal, generated via
photoreaction (i.e. by absorption of photons) by
11-cis-retinal, a cofactor of the visual pigment.
The cis → trans retinal transformation is the crucial first step of visual cycle, initiating further
conformational transformations of opsin (i.e.
the visual pigment protein) into its active forms
(e.g. meta-rhodopsin II), capable of progressing
the visual cycle with the final effect consisting
in the closure of cGMP-dependent cation channel in the cellular membrane of photoreceptors
and quenching the so-called darkness current.
In this time, the cellular membrane of photoreceptors is hyperpolarized only to regain the state
of being ready to absorb another photon, i.e. the
depolarization state; the active pigment, capable
of absorbing photons, is a molecule, e.g. rhodopsin, that contains a light sensitive co-factor,
11-cis-retinal [5,6].
The all-trans-retinal formed following photon
absorption is completely dissociated from the visual pigment and undergoes further physiological
transformations in the retinoid cycle that takes
place in both photoreceptors and RPE cells. However, part of all-trans-retinal that does not bind
the ABCA4 (ATP-binding cassette [transporter]
A4 type, also known as ABCR) transporting
the retinoid into the sites with all-trans-retinal
dehydroghenase activity, “falls out” the cycle and
spontaneously dimerizes (using ethanolamine
as a “linker”) into a highly phototoxic bisretinoid known as A2E. There may be more similar
and toxic bisretinoids; however, A2E, which has
been studied in more detail, seems to represent
an established stress-inducing product. Furano
– and peroxy –mtabolites of A2E have significant ability to activate the complement system
(an alternative pathway) which represents the
innate immunity, capable of efficiently and automatically acting in system’s defense, including
destruction of “own” cells [5,12].
In addition, the photoreceptor cell membranes
contain exceptionally high amounts of polyunsaturated fatty acids (PUFAs), particularly the
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most-unsaturated docosahexaenoic acid (DHA).
It is this high unsaturation (six double C=C
bonds in the hydrocarbon chain) makes DHA
particularly susceptible to spontaneous peroxidation and fragmentation into cytotoxic compounds, including 4-hydroxy-2-hexenal (HHE)
or 4-hydroxy-7-oxyhept-5-enoic acid (HOHA);
the latter may additionally form immunogenic
carboxyethylpyrrole-protein (e.g. CEP-albumin) adducts. More details regarding formation
of the products of peroxidation of long-chain
PUFAs and the properties of carboxyethylpyrrole-protein adducts are available in other articles by the same author [2,5].
Accumulation of lipofuscin deposits in RPE
cells is a manifestation of metabolic inefficacy
of their lysosomal compartment, characterized by reduced autophagy. The reason for this
inefficacy remains unknown, although considering molecular complexity of autophagic processes, the reasons may be multiple, including
hypofunction or insufficient quantity/activity
of lysosomal enzymes – cathepsins being most
predominant in normal conditions. Lipofuscin
deposits accumulate with age, and the adverse
effect of accumulating oxidative stress that
accompanies lipofuscinogenesis is intensified.
Local inflammatory reaction that develops at
certain moment and is manifested by an atypical process referred to as para-inflammation, as
well as drusogenesis (drusens, pseudodrusens),
become the driving forces of the developing
AMD pathology [4-7, 13].
One should not forget that the supply of oxygen
(and microelements/nutrients) via the choriocapillary system into the photoreceptors-RPE cells
complex is one of the largest in primates. Taking into account the functional specificity of the
retina, particularly of photoreceptors (photosensitivity, extensive metabolism, high partial pressure of oxygen being the substrate for the formation of oxygen radicals), one may suspect that
retina is particularly well predisposed for formation of reactive oxygen species (ROS) [14].
The nature must have predicted the potentially
adverse, propathogenic processes, such as oxidative stress or lipofuscinogenesis, in the retina, as
the tissue, and particularly the macular region,
very important for acute and color vision in
primates, has been equipped with an array of
4

antioxidative defense systems, including specific
macular pigments (MPs) – lutein and zeaxanthin
and meso-zeaxanthin produced from lutein [15].
It should also be mentioned that the classical antioxidative systems present within the body are classified
as either enzymatic or non-enzymatic. Enzymatic
systems include three basic enzymes: superoxide dysmutase (SOD), catalase and glutathione peroxidase,
which are dependent on metal ions, such as zinc,
copper, manganium or selenium. The non-enzymatic system consists of carotenoids (including the
aforementioned macular pigments), vitamins E and
C and glutathione. The enzymatic system is endogenous; however, the metal ions that are required for
its proper function are exogenous, i.e. must be supplied with food. As far as the non-enzymatic system
is concerned, only glutathione is an endogenous antioxidant. The remaining elements of the system, i.e.
carotenoids and vitamins E and C are exogenous factors supplied with food or appropriate dietary supplements. The role of carotenoids is to neutralize singlet
oxygen and reactive free radicals. What’s interesting,
the mechanisms underlying these two activities of
carotenoids are different and neutralization of free
radicals may, in certain conditions (e.g. those when
excessive amounts of radicals are present), change
the antioxidative activity of these compounds into
prooxidative activity.

Proper functioning of retinal antioxidation
defense systems is believed to avert potential
early propathogenic changes that may lead to
AMD. These propathogenic changes are in fact
physiological reactions that become functionally (chemically) impaired due to their intensity
and the accompanying overproduction of reactive oxygen species (ROS), crucial transformations of “visual” retinoids and peroxidation and
fragmentation of long-chain PUFAs. This may be
generally due to indisposition of the aging body
– its organs, tissues and cells, and hypofunction
of the aforementioned antioxidative defense systems, both enzymatic and non-enzymatic. Since
these systems are dependent on the supply of
exogenous nutrients, thus their activity is dietdependent [2,14–17].
A diversified diet, containing vegetables rich in
carotenoids, or — more precisely — oxycarotenoids
or xanthophylls (mainly lutein and zeaxanthin;
meso-zeaxanthin is not of dietary origin, being
produced locally from lutein) — should be the
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first recommendation for patients in whome AMD
development is suspected on the basis of generally discrete symptoms, albeit disturbing visual
sensations.

Diet
Specific dietary recommendations are crucial
in many ailments and diseases. For instance,
in diabetic patients, diet is an integral element
of therapy, as no therapeutic success can be
achieved in these patients without an appropriately profiled diet. Gluten-free diet is necessary
in individuals, particularly children, with gluten
intolerance. Patients with arterial hypertension
should avoid salt, i.e. sodium chloride, in their
diet. Excess sodium ions retain water in the body
via a kidney-based mechanism; thus the daily
dietary content of sodium should be well below
85 mmoles (less than 5 g NaCl) — in practice, one
should follow the rule “the less salt, the better”.
Many examples may be provided, but how about
a diet for AMD patients?
Indeed, appropriate dietary recommendations
for AMD patients are well justified, although one
should expect no miraculous effects of such diets.
Individuals who rigorously follow dietary recommendations (abundance of selected vegetables
rich in lutein, marine fish rich in PUFA-ω3, etc.)
also suffer from AMD. This is the nature of the
disease, as it develops inconspicuously over many
years and becomes symptomatic after the age of
50, most frequently after the age of 60. Its background is multifactorial, including both environmental/genetic and inflammatory/immune factors; in general opinion, there is no way to avoid
it, as reported by the author in numerous studies [1, 2, 4, 5, 18]. Nonetheless, appropriate diet is
important in AMD patients.
Considering the threat of AMD or active AMD,
one should recommend vegetables that contain high amounts of macular pigments (MPs),
i.e. lutein and zeaxanthin [19]. Recommended
vegetables include spinach, corn, pumpkin, red
grapes (particularly seedless grapes), broccoli
etc. (a more detailed list is presented in Table 1),
as well as egg yolk which contains high amount
of zeaxanthin in addition to lutein [15, 20]. It was
calculated that the average Western diet content
of lutein and zeaxanthin is between 1.3 and 3 mg,
with lutein to zeaxanthin ratio of 7:1 [21, 22]. A

properly profiled diet may contain more macular pigments, and therefore be more beneficial for
individuals with AMD. Macular pigments are
guards of metabolic order in the macular region
and play a dual role of a filter, as they absorb blue
light which is most dangerous for eyes and of a
scavenger of free radicals, as they neutralize singlet oxygen and continuously generated free oxygen radicals.

Table 1: The content of lutein and zeaxanthin in widely
used vegetables and fruits, given in mol %.
Products
Egg yolk
Corn
Kiwi fruit
Red seedless grapes
Pumpkin
Spinach
Cucumber
Celery
White grapes
Brussels
sprouts
Green peas
Broccoli
Mango
Lettuce

Lutein and
zeaxanthin

Lutein

Zeaxanthin

89
86
54

54
60
54

35
25
0

53

43

10

49
47
42
34
31

49
47
38
3
25

0
0
4
2
7

29

27

2

25
22
18
15

22
22
2
15

3
0
16
0

Properly selected daily rations of selected vegetables provide the body not only with macular
pigments, but also with microelements (including zinc, copper, manganese, selenium, vitamins
E and C) required for proper functioning of antioxidative enzymes (superoxide dysmutase, catalase, glutathione peroxidase).
One should not forget other important dietary elements, i.e. unsaturated fatty acids of the omega-3
series, particularly DHA[1], abundantly present in
marine fish[2]. Two or three fish-based meals per
[1] DHA is an example of a compound of dual nature, both beneficial and adverse. On one
hand, DHA is required for the function of many cells, tissues and organs; on the other hand,
due to its unsaturation, it is associated with the risk of adverse phenomena; at the same
time, its functional indispensability is associated with structural unsaturation. The pros
and cons of DHA were discussed in more detail in [3]. A disadvantage of DHA, as well as of
other long-chain polyunsaturated fats, including the omega-3 eicosapentaenoic acid (EPA),
omega-6 arachidonic acid (ARA or AA), or docosapentaenoic acid (DPA) is that in the presence
of oxygen they easily undergo peroxidation and cleavage leading to propagation of oxidative
stress. Despite the dual nature of the omega-3 fatty acids (DHA, EPA, DPA), one should not
avoid their presence in food, particularly in the context of AMD prevention. The presence
of vitamin E in food/supplement protects long chain polyunsaturated fats from oxidation.
[2] Marine fish contain high amounts of long-chain polyunsaturated fatty acids (PUFAs),
including acids of the omega-3 series (PUFA-ω3). Of tested and commonly eaten fish
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week (e.g. salmon, herring, mackerel) provide the
body with these fatty acids in amounts sufficient
not only for needs of the organs of vision, but also
of the entire system.
Polyunsaturated fatty acids of the omega-6 series
(PUFA-ω6), also essential for human body, are
usually consumed in high amounts, as they are
present in commonly used vegetable oils – e.g.
linoleic acid (C18:2ω6 or C18:2n-6, which is the
first acid in the omega-6 series) is abundant in
grape seed oil and sunflower oil (63–66%), as
well as in corn oil and soybean oil (55–56%);
other oils have much lower contents of linoleic
acid (rape oil, linen oil, olive oil — 10–21%). In
case of PUFA-ω3, the case is more difficult, as
EPA and DHA are virtually absent in vegetable
oils, while alpha-linolenic acid (ALA; C18:3ω3
or C18:3n-3, being the first acid in the omega-3
series) is present only in moderate amounts in
rape oil and soybean oil (7–11%), as well as in
large amounts (!) in linen oil (55%)[3]. For the
sake of comparison, the overall PUFA-ω3 (ALA,
EPA and DHA) content in fish oil (herring oil)
is > 28%, while the linoleic acid (ω6) content
is slightly above 12%. Cold-pressed linen oil is
available in an increasingly broad commercial
offer. Although not everyone finds it tasty, linen
oil is a recommended addition to the diet, not
only of AMD patients. However, one should
remember that conversion of ALA into EPA or
DHA in human body is very low, and therefore
the supply of ALA may not substitute for direct
supply of DHA and DPA (which are abundant
in marine fish).
species, highest amounts of DHA and EPA (expressed overall in g/100 g of weight) can
be found in Atlantic salmon (> 2; farm-raised and wild caught) and herring (mainly
Atlantic herring ≈ 2), then in mackerel and tuna (1.2–1.5); the popular canned tuna
contains much smaller amounts (0,3–0,8); less DHA + EPA can be found in halibut and
cod (0,2–0,6), while a higher content can be found in trout (farm-raised and wild caught)
(≈ 1). As far as DHA is concerned, the highest content can be found in salmon, herring
and tuna (excluding canned tuna in brine) and trout. Although fish contain particularly
high amounts of EPA, DHA and DPA, other natural sources of these acids are human milk,
farm-grown marine algae, marine mammals and krill; as mentioned in the article, some
vegetable oils, including linen oil, do not contain EPA and DHA, although they may contain
large amounts of alpha-linolenic acid (PUFA-ω3).
[3] The percentage composition of selected fatty acids in the linen oil is as follows:
alpha-linonenic acid (18:3ω3) – 54.5%, oleic acid (18:1ω9) – 19.7%, linoleic acid (18:2ω6)
– 16.2%, palmitic acid (16:0) – 5.1%, stearic acid (18:0) – 3.7%, other acids – 0,8%. The
linen oil contains no EPA or DHA. The ω6/ω3 ratio is 0.3. For the sake of comparison, the
percentage composition of fish oil (herring oil) is as follows: eicosapentaenoic acid (EPA;
20:5ω3) – 17.2%, palmitic acid (16:0) – 13.9%, palmitoleic acid (16:1ω7) – 13.1%,
linoleic acid (18:2ω6) – 12.4%, oleic acid (cis-Δ9-octadecenoic acid; 18:1ω9) – 11.6%,
docosahexaenoic acid (DHA; 22:6ω3) – 9%, myristic acid (tetradecanoic acid; 14:0) – 7.4%,
stearic acid (octadecanoic acid; 18:0) – 2.7%, linolenic acid (18:3ω3) – 2.1%, elaidic
acid (trans-Δ9-octadecenoic acid; 18:1ω9) – 2%, gadoleic acid (cis-Δ11-icosenoic acid;
20:1ω9) – 1.5%; ω6/ω3 ratio = 0.4.

6

Modern diet, particularly the Western diet, is
rich in the fatty acids of the omega-6 series, and
the ratio of these acids to the omega-3 (ω3) acids
may be as high as 20:1, or even higher! The proper
ratio should be about 4:1, with a trend towards
balanced supply of both types of acids; this leads
to the natural need for omega-3 acids supplementation (EPA, DHA, ALA and docosapentaenoic
acid — DPA-ω3); in case of AMD, DHA is of the
highest importance. Despite its disadvantages
(easy peroxidation and fragmentation), DHA
is absolutely necessary for regeneration of photoreceptor outer segments worn off in the process of vision as well as to maintain appropriate
plasticity/susceptibility of the cell membrane in
rods and cones. In addition, EPA and DHA are
substrates for production of anti-inflammatory
resolvins and maresins (the latter are formed
only from DHA) which are very important for
the photoreceptors-RPE cells complex. DHA is
also a substrate for production of neuroprotectin, which is involved in many protective, antiinflammatory and cytoprotective mechanisms
[8]. More information on the pros and cons of
DHA may be found in a recent article by the
same author [3].
The advantage of thus-profiled diet (as mentioned
above) is that the elements valuable, among others, for intraocular metabolism, are delivered
to the organism in natural, purely physiological
fashion, which guarantees optimum gastrointestinal absorption and transport to target tissues/
cells as long as a diversified and well-balanced
diet is maintained. One should remember that
these microelements, being so important not
only for AMD patients, are absorbed into circulation from the gastrointestinal tract in a diverse
manner, as they represent different types of
chemical structures and molecular mass ranges.
Well-balanced diet containing diverse proteins,
carbohydrates and all types of fats (long – and
short-chain, saturated and unsaturated) establishes within the stomach and the intestines a
natural chemical environment that favors passive or active absorption of microelements supplied with food.
This natural, physiological situation is very much
different from situation taking place in the stomach (oftentimes an empty one) after ingestion of
dietary supplement tablets/capsules followed by
a glass of water! Microelements contained in the
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supplements, albeit selected, have no optimum
conditions for absorption. This accounts for the
superiority of comprehensive natural nutrition
over the intake of selected substances contained
in dietary supplements, which do not have to
be (and, in fact are not) fully absorbed from the
gastrointestinal tract. A separate issue relates to
the substances being delivered just where they
are needed, which is a problem not less important from the standpoint of efficacy and expected
results, and providently passed over in silence by
the producers or suppliers of dietary supplements.
However, some individuals may, for various reasons, including the fact that preparation of appropriate meal requires time and effort, while swallowing a capsule “solves the problem”, may prefer
ready-made dietary supplements. Therefore, the
dietary supplements must also be included in our
considerations.

Dietary supplements and the efficacy
of AMD prophylaxis/treatment
From the medical standpoint, the issue as stated
in the heading is of primary importance for a
wide group of mature population at risk of discomforts associated with the developing or
potential AMD. As mentioned before, pathogenesis of the disease is still unknown, which makes
it impossible to both early diagnose the developing pathology and to efficiently treat it using
appropriate medications.
This does not pertain to the neovascular form of AMD,
originating from choroidal neovascularization and
considered by many researchers, including the author
of this article, to be a serious complication of advanced
AMD. This form, or more precisely, the dynamic neovascularization that accompanies AMD, may currently be treated pharmacologically using agents that
neutralize the main proangiogenic factor, i.e. the
vascular endothelial growth factor (VEGF). Following agents are available: monoclonal anti-VEGF-A
antibodies (Avastin – bevacizumab, Lucentis – ranibizumab), the recently registered soluble decoy receptor
for the factors of the VEGF-A family, VEGF-B and
placenta growth factor – PlGF (Eylea – aflibercept),
as well as the less commonly at present used modified
pegylated aptamer, an oligonucleotide strongly and
selectively binding the VEGF-A165 protein, thus inhibiting its activity (Macugen – pegaptanib sodium) – the

first registered drug for the treatment of neovascular
AMD [23].
However, when starting the treatment of CNV, one
should keep in mind, that:
1) the use of anti-VEGF medications will be efficacious
only in VEGF-dependent neovascularization (luckily,
in a large group of patients CNV is started from
a VEGF-dependent process; however, a blockade,
particularly a prolonged blockade of this angiogenic
pathway may lead to spontaneous switch to another
angiogenic pathway, which may depend on PDGF,
FGF, CEP, or other factors; also possible is that a nonVEGF-dependent mechanism of neovascularization is
activated first – in this case, the CNV process will be
refractory to anti-VEGF medications); and
2) fighting neovascularization is a symptomatic
treatment , as the AMD pathology continues to
develop despite pharmacological inhibition of
neovascularization and/or elimination of already
formed pathological vessels using verteporfin-based
photodynamic therapy (PDT).

How should one therefore manage AMD, particularly the dry (atrophic) form of AMD? There
are no appropriate drugs or reliable diagnostic
methods for early stages of the disease. What
remains is only physician’s intuition and knowledge, and prophylactic rather than therapeutic
actions. Since the diet has been discussed above,
let’s focus on dietary supplements.
The dietary supplements or, more precisely, “ophthalmic” supplements, as their trade names often
refer, either explicitly or implicitly, to the eye or
the retina, include ophthalmic antioxidant preparations (OAPs) and preparations containing
PUFA-ω3. Recently, a trend is observed to combine
the active ingredients so that one capsule/tablet contains both macular pigments (lutein ± zeaxanthin),
microelements, and PUFA-ω3. Thus, the capsules
become ever bigger in size, making them hard to
swallow without plenty of water.
This, however, is not as important as the qualitative and quantitative composition of the offered
products/ingredients. This may be completely
arbitrary, including specific substances (such
as lutein and zeaxanthin, vitamins, metal salts)
and less precisely defined ingredients such as
plant extracts with presumed antioxidative
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or cytoprotective properties or, as in the case
of PUFA-ω3 – extracts from the livers of e.g.
shark, cod or other fish, without any quantitative specification with regard to DHA, EPA and
other fatty acids possibly included in the extract.
Many producers seem to adhere to the motto:
“the more, the better”, and therefore the dosage
of the active ingredients is higher than in competing products: some products contain as much
as 20 or more milligrams of lutein per capsule or,
besides plant extracts, contain substances which
have no chance of arriving at ocular tissues in
untransformed, active form (e.g. the tripeptide
glutathion) — the goal of all these endeavors is
to differentiate the product from other products
available at the market and thus promote the
purchase.
However, the question whether the therapeutic
efficacy of dietary supplements, including OAPs,
is an established fact or wishful thinking remains
unanswered. What complicates the problem are
varied clinical data being published: according
to some studies, macular pigments (lutein, zeaxanthin) may have effects protecting against the
developing AMD [24–28], while other authors
suggest that no such effects can be observed [29–
33]. The former suggest that the use of OAPs in
AMD (both in prevention and treatment) is justified, while the latter would preclude such conclusion or suggest to think over the decision before
pharmaceutical supplementation.
As mentioned earlier, macular pigments are
chemical substances present in large quantities in the retina, particularly in the macular
region. Exogenous supply of these compounds
(e.g. as part of the diet or as dietary supplements)
is assumed to lead to the increase in their retinal levels/concentrations. Indeed, the intake of
lutein-containing dietary supplements leads to
an increase in both the serum lutein level and the
macular pigment optical density (MPOD) – both
parameters are increased in parallel [34]. The latter value, i.e. the increased MPOD, is ascribed to
be associated with the positive effect of supplementation on the improvement of vision; however, there are still no clinical data that would
justify this opinion!
Many researchers measure the MPOD – sometimes in addition to clinical evaluation of vision in
patients developing AMD, and sometimes as the only
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measurement ever made. One should keep in mind
that reliable MPOD readout is subject to certain limitations stemming from the measurement method, as
endogenous lipofuscin also emits light, which might
interfere with the measurement. For instance, lipofuscin may be excited by light in the wavelength range of
400-580 nm to emit fluorescent light in the spectral
range of 500-800 nm; on the other hand, the macular
pigments absorb blue light at wavelengths shorter than
550 nm, with the absorbance peak at 460 nm [35]. In
order for the obtained MPOD readout to be reliable,
i.e. free of interferences from (auto)fluorescence of
lipofuscin, a special methodological approach should
be made, such as the use of dual wavelengths to excite
the macular pigments, e.g. 488 nm (well absorbed by
MPs) and 514 (minimally absorbed by the MPs) [33],
and conclusions should be drawn from the differences
in measured values. Another factor very important
for interpretation of the MPOD results, particularly
in AMD patients, is that macular pigments are usually characterized by very slow turnover rates. This
means, that in patients taking dietary supplements
increased levels of macular pigments in serum and
macula (MPOD) would persist for long periods after
the dietary supplements, e.g. lutein-rich supplements,
are discontinued. Sometimes, such periods may last
several months or longer.
In the context of increasing popularity of PUFA-ω3
dietary supplements being recommended to AMD
patients, Delyfer et al. [37] studied the potential relationship between MPOD and serum PUFA-ω3 levels
in 107 healthy volunteers (PIMAVOSA study). The
authors confirmed the correlation between MPOD
and serum lutein/zeaxanthin, and additionally identified high correlation between MPOD and serum
PUFA-ω3 (overall levels). When considering the main
3 acids of the omega-3 series separately, observations
regarding correlations between the acid levels and
MPOD were as follows: DPA — high correlation, EPA
– intermediate correlation, DHA – no statistically significant correlation. Thus, the French authors pointed
out another factor that might affect the MPOD value,
i.e. the PUFA-ω3, levels/concentrations of which (e.g.
in serum) increase after the intake of meals or dietary
supplements rich in these acids.

Among recently published data on macular
pigments supplementation and its influence on
quality of vision in AMD patients, the author
would like to take as an example one article,
which appeared in PubMed database on August
1, 2012, and was published only in November
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issue of Ophthalmology [38] — it presents data
on the effect of supplementation with lutein (10
and 20 mg per day) and zeaxanthin (10 mg per
day) for 48 weeks on MPOD and best corrected
visual acuity (BCVA) in 108 patients with early
AMD. The results are similar to those published earlier by other authors, and therefore it
is worth to present the conclusions drawn from
these results (as the conclusions may as well
pertain to the earlier works): „Among patients
with early AMD, supplementation with lutein
and zeaxanthin improved macular pigment,
which played a causative role in boosting visual
function and might prevent [highlighted by the
author] the progression of AMD. Future studies
are required to evaluate the effect of these carotenoids on the incidence of late AMD”. In other
words, lutein and zeaxanthin, as expected,
increased the value of MPOD (i.e. increased the
pigment levels), while their effect on vision was
comparatively small, and the preventive effect
with regard to AMD was debatable.
Recent Cochrane review, based on randomized,
controlled studies in more than 62,500 subjects
also reports the lack of effects of some widely
recommended antioxidant supplements [39].
The author’s conclusions are as follows: “There
is accumulating evidence that taking vitamin E
or beta-carotene supplements will not prevent or
delay the onset of AMD. There is no evidence with
respect to other antioxidant supplements, such as
vitamin C, lutein and zeaxanthin, or any of the
commonly marketed multivitamin combinations.
Although generally regarded as safe, vitamin
supplements may have harmful effects and clear
evidence of benefit is needed before they can be
recommended.”
Ophthalmologists are divided in their practical
observations in AMD patients receiving OAPs.
Many of them ask the well-justified question:
Can OAPs cure AMD, delay its progression, or
better yet, prevent its development? Considering
the marketing activity of OAP manufacturers, as
well as the ever-increasing number of commercially available “antioxidant” preparations with
varied qualitative and quantitative compositions,
one may have serious doubts regarding the actual
therapeutic value of OAPs. The most important factors affecting the “aye” or “nay” decision
for ophthalmic antioxidant preparations and
PUFA-ω3 preparations are presented below.

Dietary supplements vs. drugs
Contrary to drugs, i.e. registered medications
with precise and constant composition of active
substance(s) and excipient(s) and documented
therapeutic potential, dietary supplements may
have variable compositions and information
leaflets, if included, are often laconic or lacking
detail. Self-respectful manufacturers present
composition, and even intended use/indications
for their products, sometimes referring to published results of research suggesting potentially
beneficial effects of the components of these
components. And this is pretty much all. Conclusion: There is no equals sign between a dietary supplement and drug, although many manufacturers
would like their products being treated as drugs.
Dietary supplements are sold freely, and therefore everyone may purchase them and use them,
either recommended by the doctor or at one’s
own discretion, oftentimes prompted by loud,
albeit imprecise and sometimes groundless
information/messages regarding the efficacy of
these supplements presented by the mass media.
Dietary supplements must not contain ingredients which, when used in excess (i.e. in a reasonable excess, as nearly everything consumed in
appropriate excess might have detrimental effects
on health) might have any adverse effects. Dietary supplements should therefore be absolutely
safe, as manufacturers want to avoid medical
problems resulting from the intake of their product and potentially leading to elimination of such
product from the market.
Many physicians, while recommending dietary
supplements, including OAPs, to their patients,
do not fully believe in therapeutic effects thereof.
Some even say that such preparations do no harm
while they might actually help (!) etc., so that
patients may take them safely hoping they would
really help. However, the despaired patients
expect the purchased product(s) to have beneficial effects — they trust their physicians and
believe, or try to believe, that the product will
be efficacious. Patients perceive the paeans presented by the mass media to be reliable information, not marketing tricks, which, unfortunately,
is not always true.
Let’s assume that a patient purchased a packaging
with a month’s supply of the dietary supplement
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recommended to him/her by his/her physician
and that he/she started the treatment. How long
should the patient take the recommended product? And, what’s more important, when should
the patient expect to experience an improvement
in vision? There are no satisfactory answers to
these well justified (as the patient does not get the
products for free — he/she buys them) questions,
as the beneficial effect will surely not be observed
after the first month, or even after the first several months of using the dietary supplement(s); in
some patients, the effect may be observed after a
long-term use that lasts many months, and even
years. What’s more, there may be no effect at all!
Patients may feel disappointed with such “supplementation therapy”, while the manufacturer of
the supplement holds no responsibility whatsoever, as they may always bring up what is already
well known, i.e. that the product is a dietary supplement, and not a drug! A question/statement
often raised in such cases by the supporters of
“supplementation therapy”, i.e. what if the supplements had not been taken, is purely rhetorical
one. Indeed, there is no answer to this question.
Patients disappointed with their hitherto ineffective therapy, i.e. patients with conditions refractory
to the established pharmaceuticals or patients with
conditions with no pharmacological treatment
available are particularly susceptible to the use of
dietary supplements. Cases where no specific drugs
are available — as in the case of AMD — favors
all kinds of therapeutic speculations and paramedical activities, opening a lucrative area for the
manufacturers and suppliers of dietary supplements — appropriately promoted dietary supplements may even be perceived as drugs!
The abundant offer of dietary supplements available at Polish market and targeted at individuals
suffering from AMD or at risk of AMD includes
nearly 100 products of the OPA type. In a recent
study, published in 2010 [2], the author analyzed
73 ophthalmic antioxidant preparations, i.e. all
products commercially available in Poland at that
time. The call sign of all OAPs is the presence of
the macular pigment–lutein; some products contain also another macular pigment, i.e. zeaxanthin (e.g., in alphabetical order, Klarin Perfekt,
MaxiVision Total, Nutrof Total, Ocuvite Lutein
Forte, Vislea), and one product (Macushield)
contains three pigments–lutein, zeaxanthin and
10

meso-zeaxanthin in one capsule. The analysis led
to the following conclusions:
••All 73 preparations contained lutein in the

amounts of 0.125/6–10/50 mg (the range of
6–10 mg was most common), with 7 preparations not stating the precise dose;
••30 preparations contained also zeaxanthin
in the amounts of 0.12–2.4 mg, with no
data regarding the dose provided for 3
preparations;
••1 preparation contained meso-zeaxanthin in
addition to the two above pigments;
••52 products contained vitamin E;
••42 products contained zinc and/or selenium;
••9 products contained PUFA-ω3;
••3 products contained glutathione
••39 products contained vitamin A or
β-carotene.
As mentioned above, patients may currently
choose from about 100 preparations; however, let
us restrict our considerations to the 73 preparations that were analyzed in detail by the author.
When purchasing a product, the patient must
make a choice, and thus, what factors should the
patient be guided by when making this choice?
Using the simplest exclusion criteria, such as
presence of vitamin A or β-carotene, symbolic
dose (< 1 mg) of lutein, lack of details regarding
the source/quantity of macular pigments, or the
presence of ineffective compounds, such as glutathione, at most 20 out of the total of 73 preparations may be selected. When applying additional
criteria (e.g. the seniority and importance of the
manufacturer in the drug and/or dietary supplement market), the number of products that could
be recommended to patients would not exceed
10. However, for an individual patient who would
like to purchase an inexpensive but “good” product, 10 products is simply 9 too many!
The trend to enrich the OAP-type supplements
with PUFA-ω3 has already been mentioned.
Manufacturers of such “combination” supplements argue that they provide AMD patients
with everything they need in a single capsule!
Another, more convincing arguments (compared to the “everything you need in one” message, as mentioned above) are arriving from the
nearly completed Age-Related Eye Disease Study
2 (AREDS-2), which, contrary to the AREDS-1
(or simply AREDS) study, test the use of macular
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pigments and PUFA-ω3 in AMD patients. It
should be mentioned that the AREDS study is a
multicenter, 5-year clinical study conducted in
more than 3,000 patients. The objective of the
study was to assess the effect of high doses of
antioxidants (these included vitamin C, vitamin
E and β-carotene) and zinc on the progression of
AMD. As shown by the published reports, the
tested AREDS formula did not inhibit vision loss,
although it had some beneficial effects reducing
the risk of further development of AMD. Authors
of the promising article titled “New approaches
and potential treatments for dry age-related macular degeneration”, published in 2012, make reference to the AREDS study reports of 2001 and
the Erratum of 2008 — report as follows: “the
AREDS formula does not prevent GA [geographic
atrophy] from forming or progressing” [40].
AREDS-2 (ClinicalTrials.gov; Identifier NTC
00345176; sponsored by National Eye Institute
(NEI) with collaboration from National Heart,
Lung, and Blood Institute – NHLBI), is, similarly
to AREDS, a 5-to-6-year (2007–December 2012),
multicenter (82 clinical centers in the United
States), randomized clinical study to evaluate the
effect of oral supplementation with macular xanthophylls (lutein, zeaxanthin) and omega-3 polyunsaturated acids (PUFA-ω3) (DHA, EPA) on
AMD progression. Below is the list of agents tested
in AREDS (AREDS-1) and AREDS-2 studies:
AREDS-1: vitamin C — 500 mg, vitamin E — 400
IU, beta-carotene — 15 mg, zinc (as zinc oxide) — 25
and 80 mg, copper (as cupric oxide) — 2 mg;
AREDS-2: lutein — 10 mg, zeaxanthin — 2 mg, vitamin
C — 500 mg, vitamin E — 400 IU, copper (as cupric
oxide) — 2 mg, EPA – 650 mg, DHA – 350 mg.
Smaller studies (Secondary Randomization
Agents — AREDS-Type Supplement) were also
conducted to examine the effects of zinc (as
zinc oxide) at doses of 25 and 80 mg, with particular focus on the lower dose, and elimination of β-carotene form the AREDS formula.

Of note is the lack of beta-carotene and zinc in
the Primary Randomization Agents of AREDS-2
study. As shown by the alpha-tocopherol, betacarotene cancer prevention study (ATBC), betacarotene contributes to the development of lung
cancer in smokers [41]; in addition, beta-carotene
is a precursor of vitamin A, and the visual cycle

retinoids may act as substrates for formation of
photocytotoxic bis-retinoids. Beneficial effects
of zinc have been known for a long time, and
there was no need for another detailed verification of its advantages. However, a question arose
with regard to the dose — it would be better if the
lower dose (25, not 80 mg) was efficient. As far as
the PUFA-ω3 doses used in AREDS-2 study are
concerned, the author agrees with the total dose
of 1 g, although he is not certain whether 650 mg
of EPA and 350 of DHA is a good dose ratio (1.86)
for AMD patients. Considering the role of DHA
in the photoreceptors–RPE cells complex [3], one
might expect a higher dose of DHA (possibly at
the cost of a lower amount of EPA).
Combination preparations (“all in one”: macular pigments, microelements, PUFA-ω3) may be
convenient for patients; however, the manufacturers are well aware that the presence of reasonable amounts of PUFA-ω3 in capsules requires
enlarged capsule size, which is not always associated with greater convenience of use. One gram
of PUFA-ω3 (as used in AREDS-2) takes up a
considerable volume, thus a “combination” capsule containing such an amount should be appropriately large. When trying to adhere to the trend
of administering one capsule of a dietary supplement per day, the capsule should contain “daily”
doses of all ingredients which would obviously be
translated into capsule size.
However, there is one argument that does not
support combining PUFA-ω3 with the remaining ingredients in preparations recommended to
AMD patients. AMD patients are usually at an
advanced age, and PUFA-ω3 are often recommended to them also by physicians of other (nonophthalmological) specializations. For example,
cardiologists and psychiatrists (as well as other
physicians, although these two specializations
are predominant) nearly routinely recommend
PUFA-ω3-rich dietary supplements at daily doses
that often exceed 1 g. Facing different trade names
of various “cardiologic”, “psychiatric” and “ophthalmic” dietary supplements, patients may be
unaware that they actually take the same chemical
entities! And all these entities are accumulated in
the same system! Therefore, it might happen that
a patient would take not 1, but 2, and perhaps 3
or more grams of PUFA-ω3 per day while being
unaware of this fact! Taking such scenario into
consideration, one should not forget preparations
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which contain antioxidants and microelements
separately from PUFA-ω3, and which could be
taken by the patient in line with the overall picture
of his ailments and treatment.
It should be mentioned that many national and
worldwide medical organizations (including the
WHO) recommend daily intake of EPA and DHA
in total amounts of 400–600 mg/day, while certain guidelines mention the dose of 1 g/day, and
the European Food Safety Authority (EFSA) holds
the position that there is no scientifically supported recommended daily dose of PUFA-ω3 for
humans. However, EFSA recommends the DHA
dose of 100 mg/day in infants, on the premise that
DHA contributes to the development and functional maturation of vision system; EFSA also recommends a daily dose of ca. 250 mg (EPA + DHA)
to children and adolescents aged 2-18 years[4].
On the other hand, a statement published in
2010 by the French Safe Food Agency (AFSSA,
currently MSNA — National Agency for Drugs
and Health Products) recommends a daily dose
of ca. 500 mg of EPA and DHA combined as a
preventive measure in AMD patients. As seen
from the presented data, the recommended daily
doses of PUFA-ω3 are diverse, cover a wide range
of 100–1000 mg and depend on the patient’s age
and health status.
What’s interesting, in case of cardiovascular conditions[5], the recommended dosage of omega-3 fatty
[4] By request of the European Commission, the EFSA Panel on Dietetic Products, Nutrition and
Allergies (NDA) performed an analysis and issued a scientific opinion regarding acceptable
maximum daily intake of long-chain PUFA-ω3, i.e. EPA, DHA and DPA in humans. A study
entitled “Scientific opinion on the tolerable upper intake level of eicosapentaenoic acid
(EPA), docosahexaenoic acid DHA) and docosapentaenoic acid (DPA)” was published in the
recent issue of EFSA Journal [2012; 10(7): 2815]. In final conclusions, one reads: “The Panel
concludes that the available data are not sufficient to establish a tolerable upper intake level
for n-3 LCPUFA (DHA, EPA, and DPA, individually or combined) for any population group. The
Panel considers that supplemental intakes of EPA and DHA combined at doses up to 5 g/day,
and supplemental intakes of EPA alone up to 1.8 g/day, do not raise safety concerns for the
adult population. The Panel also considers supplemental intakes of DHA alone up to 1 g/day
do not raise safety concerns for the general population. No data are available for DPA when
consumed alone. The Panel notes that in the majority of the human studies considered, fish
oils, which also contained DPA in generally unknown (but relatively low) amounts, were the
source of EPA and DHA.”
[5] According to the European and American Heart Associations (EHA, AHA), all patients
with a history of myocardial infarction and patients with stable coronary disease should
take PUFA-ω3 at the dose of 1 g per day. According to AHA, supplementation using omega-3
acids should not be associated with rigorous elimination of omega-6 acids (e.g. linoleic acid,
C18:2-ω6, which accounts for 85-90% of dietary omega-6 acids) which cannot be synthesized
by human body and which, according to numerous opinion-forming sources, including the
WHO, should account for 3-10% of daily energy demand. An interesting preparation that
meets the AHA recommendations (although its omega-3 acid content is relatively small)
is the “EYE Q capsules” preparation by a Swiss company Vifor SA distributed in Poland by
Qpharma; the product contains EPA and DHA (marine fish oil) and primrose oil (omega-6).
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acids (EPA + DHA + DPA) may be two-, three-,
or even four times higher than the usually recommended maximum doses. When taken to reduce
the triglyceride levels in hypertriglyceridemia, the
recommended dose of PUFA-ω3 (with or without
statin or fibrate) may be up to 3-4 g per day.
Regardless whether macular pigments and
PUFA-ω3 are supplied together or as separate
preparations, below are the daily dose ranges (to
be contained in one capsule taken once daily or
in two capsules taken twice a day) of the major
ingredients of “ophthalmic” dietary supplements
which, according to the author of this article,
should be beneficial for AMD patients:
••Lutein — 10–12 mg
••Zeaxanthin — 1–2 mg
••Vitamin E — 30–60 mg
••Vitamin C — 60–250 mg
••Zinc — 10–20 mg
••PUFA-ω3 — 500–800 mg (overall, with

DHA ≥ EPA)
Optionally: meso-zeaxanthin (up to 10 mg),
copper, selenium, manganese.
The doses or dose ranges listed above are relative and refer to both the compositions of products available at Polish market and the experimental and clinical data published on the topic.
Products containing PUFA-ω3 should necessarily contain vitamin E. The author’s opinion is
that there is no need to expand the composition
of an ophthalmic preparation by ingredients,
e.g. vitamins, other than these listed above. The
addition of meso-zeaxanthin, a macular pigment characterized by potency equal to that of
zeaxanthin, may be beneficial for patients. A
comment should also be made with regard to
the content of lycopene, which is not discussed
in this article. Although lycopene is not a macular pigment, it is worth to remember its role,
as it is involved in repair of the three oxycarotenoids (lutein, zeaxanthin, meso-zeaxanthin)
after they react with free radicals. Lycopene is a
carotene featuring 11 conjugated double bonds,
abundantly present in tomatoes.[6]
With regard to the PUFA-ω3 content and DHA
to EPA ratio in supplement preparations, the
[6] For more information on lycopene in patients with AMD see Nowak, WiktorowskaOwczarek, “AMD, Stargardt’s disease, and carotenoids as components of ophthalmic
antioxidant preparations used in AMD” (Mag Lek Okul. 2012; 6(4): 185-98).
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author is aware of four products available in
Poland, in which the DHA dose is larger than
that of EPA. This makes the products worth mentioning — they include:
••Ocuvite Reti-NAT forte (Bausch&Lomb); 1

capsule contains: 900 mg of fish oil, including
540 mg PUFA-ω3 – 420 mg DHA and 120 mg
EPA — ratio 3.5; 1 capsule per day (the product
has been withdrawn from the market by the
manufacturer; perhaps some physicians still
retained some supplies);
••Omega 3 (Ophtagen); 1 capsule contains: 500
mg of fish oil, including 250 mg DHA and 85
mg EPA (ratio 2.94), 1-3 capsules per day;
••MaxiVision Total (ASA); 1 capsule contains:
500 mg of fish oil, including 250 mg DHA and
34.6 mg EPA (ratio 7.22), 1 capsule per day;
and
••Ocuvite Complete (Bausch&Lomb); 1 capsule
contains (according to information on the
packaging): 421.5 mg of fish oil, including 175
mg DHA (no information on the content of
EPA), 2 capsules per day.[7]
While the two first preparations contain fish oil
and no macular pigments (i.e. they are focused
on PUFA-ω3), compositions of the two remaining products include also macular pigments,
vitamins and minerals. MaxiVision Total — 20%
lutein extract (corresponding to 20 mg of lutein),
1 mg of zeaxanthin, vitamins E and C, zinc and
selenium; Ocuvite Complete — lutein 5 mg, zeaxanthin 1 mg, vitamins E and C, and zinc.
Ocuvite Reti-NAT forte contains definitely the
largest amount of DHA (420 mg compared to 250
mg in MaxiVision and Omega-3 and ca. 175 mg in
Ocuvite Complete), while the DHA to EPA ratio in
individual supplements is as follows: 7.22 (MaxiVision), 7.19 (Ocuvite Complete), 3.50 (Ocuvite RetiNat) and 2.94 (Omega-3). The author is curious with
regard to the origin of the fish oil in MaxiVision
[7] Ocuvite Complete has only recently been introduced to the Polish market of dietary
supplements and probably replaced similar products offered by Bausch&Lomb before
its introduction. The product does not feature an accompanying leaflet, and relevant
data on its composition are provided on the packaging. According to the information
available for the user, the composition of the supplement is as follows (the presented
values refer to two capsules recommended as a daily dose): fish oil 843 mg, including
350 mg DHA, vitamin C 180 mg, vitamin E 30 mg, zinc (as zinc sulfate) 15 mg, lutein 10
mg, zeaxanthin 2 mg (macular pigments originate from Tagetes erecta flower extract);
no EPA content is provided. However, the Polish supplier of the product has made
available more detailed data on the content of PUFA-ω3. According to these data, 1
capsule of Ocuvite Complete contains 421.71 mg of fish oil, including: 181.5 mg of
DHA-TG (corresponding to 174.4 mg DHA) and 25.3 mg EPA-TG (24.3 mg EPA); thus, the
DHA to EPA ratio is 7.19.

Total and Ocuvite Complete products, characterized by such high DHA to EPA ratios — no relevant
information is provided for Ocuvite Complete,
while the information leaflet to MaxiVision Total,
which also does not provide this information, mentions that „The unsaturated omega-3 fatty acids
(DHA, EPA) in MaxiVision Total are derived from
a high grade fish oil…”, which is perhaps imprecise,
but nonetheless reassuring.
As mentioned before in case of properly profiled
diet, also pharmaceutical supplementation may, but
does not have to help the AMD patients. The potential
helpful effects might be suggested by the recently
published experimental and clinical studies, which
were quite numerous in recent years [24–28, 38].
Also the results of the AREDS-2 studies, which
should be published starting from 2013[8], should
be — or so it seems — suggestive in this matter.
While browsing the published data, there is no
missing the fact that results presented in most
studies are not definitely convincing (at least, not
to the author of the article), although they sometimes meet the threshold of statistical significance. More detailed analysis of these data leads
to conclusion that further studies and clinical
observations are required to assess the clinical
efficacy of dietary supplements in general, and
ophthalmic preparations in particular. However,
one should not cease being optimistic; optimism
should be cherished by both the physicians when
recommending appropriate dietary supplements
to patients, and patients who would be regularly
taking it; otherwise, the supplementation would
serve no purpose whatsoever.
As a concluding remark, it should be stated that
when deciding to use dietary supplements, AMD
patients should nonetheless remember to adhere
to proper diet, including, in addition to selected
fruits and vegetables, at least one (or better yet,
two) high-fat marine fish meals per week.
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[8] On 26 July, 2012, the first report from the AREDS-2 studies, titled: „The age-related eye
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– Ophthalmology 2012 Nov; 119(11): 2282-9, presenting the study design and basic
characteristics of the project was published as an e-pub in PubMed database.
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