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HIGHLIGHTS
Proper supplementation should
be administered in patients
with initial stages of retinal
diseases but as well as adjunctive
procedure in exudative forms.

ABSTRACT

Etiology of retinal diseases, such as age-related macular degeneration or dia-
betic retinopathy is multifactorial, where oxidative stress and inflammation play
an important role. Therefore supplementation of diet in that group of patients
with proper product, which contains substances with anti-oxidant and anti-in-
flammatory properties is advised for reducing the risk of progression of such
diseases.
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INTRODUCTION

Age-related macular degeneration (AMD) is one of the
leading causes of vision loss in developed countries, inc-
luding Poland and it globally affects nearly 9% of the po-
pulation aged 45-85 years. In 2015, AMD was the fourth
cause of blindness worldwide and the third cause of mode-
rate-to-severe vision impairment. The number of AMD pa-
tients in Europe is growing steadily, presenting a significant
challenge for the public health system. Patients with AMD
experience a serious reduction in quality of life due to visual
impairment.

There are two forms of AMD: wet and dry The dry form of
AMD accounts for about 85-90% of all cases. The wet form
is less common and occurs in about 10-15% of people with
AMD. This progressive disease is characterized by degene-
ration of the retinal pigment epithelium (RPE), which leads
to photoreceptor death and loss of central vision. Pigment
epithelial cells are susceptible to oxidative stress — a factor
that induces inflammation. Dry AMD is characterized by
the presence of drusen, i.e., metabolic products accumula-
ting under the retinal pigment epithelium, as well as thic-
kening of the Bruch’s membrane. Some patients with dry
AMD may develop geographic atrophy with discrete areas
of RPE loss, and the degeneration of photoreceptors and
choroidal capillaries.

The wet form of AMD is characterized by the presence of
choroidal neovascularization (CNV). The formation of the
subretinal neovascular membrane occurs through patho-
logical angiogenesis. Vascular endothelial growth factor
(VEGF) plays a major role among the factors that activate
this process.

The golden standard for treating wet AMD is intravitreal
injections of anti-VEGF inhibitors. It aims to inhibit the
formation of new vessels in the subretinal space. Unfortu-
nately, there is currently no effective therapy for treating
dry AMD.

The etiology of AMD is not yet well understood. Based
on the available epidemiological studies, it was found to
be multifactorial. In addition to aging-related processes,
genetic predisposition and certain environmental factors
such as smoking, diet, ultraviolet radiation and comorbid
cardiovascular conditions are believed to be important [1,
2].

The relationship between dietary habits and therapeutic
outcomes in patients with dry AMD is still under investiga-
tion. The largest multicenter, randomized clinical trials on
the role of supplements in the diet of AMD patients con-
ducted on more than 4,000 people are the AREDS (Age-
-Related Eye Disease Study) and AREDS2 studies. The re-
sults of the initial AREDS study, published in 2000, showed
that the combination of dietary supplements included in
the AREDS formula: vitamins C (500 mg) and E (400 mg),
copper oxide (2 mg), zinc (80 mg) and p-carotene (15 mg),

taken daily, orally, reduced the risk of progression to late
AMD by 25%. A subsequent study (AREDS2), published
in 2013, followed up about 70% of those participating in
the previous randomized AREDS trial. B-carotene was
removed from the original AREDS formulation due to its
potential carcinogenicity in smokers, and the dose of zinc
was reduced to 25 mg. The new formulation was enriched
with omega-3 acids: DHA (docosahexaenoic acid) and EPA
(eicosapentaenoic acid), lutein and zeaxanthin. The ave-
rage duration of the study was 5 years. Participants were
divided into 4 groups. In each group, the study participant
took the formula with the modified AREDS formula and in
addition, in group 1: lutein (10 mg) with zeaxanthin (2 mg);
in group 2: DHA (350 mg) with EPA (650 mg); in group 3:
lutein (10 mg) with zeaxanthin, DHA (350 mg) with EPA
(650 mg); in group 4: placebo. The risk of progression to late
AMD during 5-year follow-up in each group was estimated
at: 31% in the group taking placebo, 29% in the group with
lutein and zeaxanthin supplementation, 31% in the group
taking DHA with EPA, and 30% in the group of study par-
ticipants taking lutein, zeaxanthin, DHA and EPA. There
was no apparent effect of f-carotene elimination or lower
doses of zinc on AMD progression compared to the origi-
nal AREDS formulation.

The addition of DHA and EPA had no additional effect on
reducing AMD progression compared to the control group
(3, 4].

VITAMIN D

Vitamin D precursor is produced mainly (about 80-100%)
in the skin. It is formed under the influence of ultraviolet
(UV) light through the conversion of the precursor 7-de-
hydrocholesterol (7DHC) into vitamin Ds. The amount of
vitamin D produced in humans fluctuates seasonally. In
a temperate climate zone, the amount of sunlight provided
for nearly half the year is too low for human skin to produce
enough of this vitamin on its own. An alternative source of
vitamin D is a diet providing about 20% of its daily require-
ment. There are two forms of vitamin D in foods: animal-
-derived cholecalciferol (vitamin D;), and plant-derived er-
gocalciferol (vitamin D,). The former, absorbed in the small
intestine, is transported to the liver and bound to DBP (vi-
tamin D binding protein). The first step in the biosynthesis
of the active form of vitamin D takes place in the liver. After
enzymatic hydroxylation, vitamin 25-(OH)D is formed.
This reaction is catalyzed by 25-hydroxylase (CYP27A1,
CYP3A4 and CYP2R1), which is a group of hydroxylases
included in cytochrome P450. Vitamin 25-(OH)D is trans-
ported to the kidneys, where the active form of vitamin D,
1a25(OH) 2D (calcitriol), is formed with the participation
of 1a-hydroxylase (CYP27B1). Calcitriol belongs to a broad
group of hormones that are gene transcription factors for

OPHTHATHERAPY

Copyright © Medical Education

Vol. 11/Nr 1(41)/2024 (s. 14-23)

© Medical Education. For private and non-commercial use only. Downloaded from
https://www.journalsmededu.pl/index.php/ophthatherapy/index: 14.07.2025; 05:54,16



Supplementation in diet of patients with retinal diseases

A. Swiech, S. Teper, M. Gawecki, A. Nowiriska, M. Figurska, J. Adamiec-Mroczek, |. Karska-Basta, J. Kucharczuk

target proteins. The mechanism of action of calcitriol is
mediated by the intracellular vitamin D receptor (VDR).
The discovery of this receptor in many tissues has sparked
research into other, non-classical, extraskeletal functions of
vitamin D.

Vitamin D; has been recognized as an immunomodulating
hormone. It regulates innate and acquired immune re-
sponses. Calcitriol in vitro inhibits the production of pro-
-inflammatory cytokines by CD4+ T cells and induces the
phenotype of regulatory T cells. Endogenous conversion of
25(OH)D; has been shown to inhibit dendritic cell antigen
presentation and chemotaxis.

Vitamin D is a modulator of the immune system and inte-
racts with two members of the H and I family regulators of
complement activation. Calcitriol is thought to modulate
the adaptive immune response to suppress inflammation.
In addition, it reduces the production of pro-inflammatory
cytokines by immune cells, inhibits the maturation of den-
dritic cells, and the proliferation of T and B lymphocytes.
In 2015, Millen et al. described a synergistic effect between
vitamin D levels and the expression of complement cascade
proteins. The researchers further demonstrated that poly-
morphisms of proteins required for activation of the com-
plement cascade increased the risk of AMD. An approxi-
mately 6-fold increase in the likelihood of AMD in women
with vitamin D deficiency (<30 nmol/1) and 2 risk alleles for
complement factors H and I have been observed compared
to women who do not carry the high-risk alleles and have
adequate vitamin D levels (>75 nmol/l) [5].

In the elderly (>65-75 years of age) and in dark-skinned
individuals, due to reduced efficiency of skin synthesis,
year-round supplementation with vitamin D is recom-
mended at a dose of 800-2000 IU/24 h depending on body
weight and dietary intake of the vitamin. In the oldest
age group (>75 years of age), due to reduced efficiency of
cutaneous synthesis, potential malabsorption, and altered
vitamin D metabolism, year-round supplementation at
a dose of 2000-4000 IU/24 h is recommended, depending
on body weight and diet. In Poland, skin synthesis of vita-
min D can be effective only in spring and summer (May to
September). However, sun exposure in much of the adult
population is usually very limited due to the type of perfor-
med work [6, 7].

CAROTENOIDS: LUTEIN AND ZEAXANTHIN

There is no de novo synthesis of lutein in the human body;
it is only supplied with food. Carotenoids are fat-soluble,
thus high-fat diets facilitate their absorption. Once these
compounds are delivered and dissolved in gastric juice, they
are absorbed as micelles. Transport is mainly through low-
-density lipoproteins (LDL) — 55%, high-density lipoprote-
ins (HDL) — 33% and very low-density lipoproteins (VLDL)

—10-19%. The distribution of lutein and zeaxanthin in LDL
and HDL is similar. A cross-sectional study published in
2012 observed an association between lutein and zeaxan-
thin concentrations and lipoprotein levels. In addition, it
has been found that altering lipoprotein concentrations
can affect lutein and zeaxanthin concentrations in the reti-
na [8]. The transport of lutein into various human tissues
is not uniform. Lutein and zeaxanthin in the human body
are particularly concentrated in the macula, where they are
the main component of the macular pigment of the retina.
A recent study using confocal microscopy shows the spatial
distribution of lutein and zeaxanthin in the human retina.
Zeaxanthin has been shown to be concentrated in the fun-
dus, extending from the inner to the outer limiting mem-
brane, with particularly high concentrations in the outer
plexiform layer. Zeaxanthin concentration drops sharply in
the peripheral part of the fovea. Lutein, on the other hand,
is more evenly distributed in the macula at a relatively lo-
wer concentration compared to zeaxanthin.

Due to the presence in its structure of hydroxyl groups in
the carbon ring, lutein is characterized by higher polarity
than other carotenoids. This structure allows it to better
bind to oxygen in the serum.

Lutein and zeaxanthin act as a kind of high-energy filter for
blue light, protecting the macula from photo-oxidative da-
mage. It was shown that fluorescence emission in caroteno-
id-containing liposomes was lower than in carotenoid-free
control samples after exposure to blue light, indicating a fil-
ter effect. Such effect was highest for lutein, followed by ze-
axanthin, and to a lesser extent B-carotene. This is of great
importance these days, as our eyes are particularly exposed
to toxic blue light from smartphones, computers and the
increasingly common LED lamps used indoors [9].
Numerous studies confirm the anti-inflammatory proper-
ties of lutein and zeaxanthin. In vitro studies show that lu-
tein inhibits the activation of pro-inflammatory molecules
such as: NF-kB (nuclear factor kappa-light-chain-enhan-
cer of activated B cells), as well as the expression of iNOS
(inducible nitric oxide synthase) and cyclooxygenase 2
(COX-2), and may affect the levels of factor D of the com-
plement activation pathway, involved in the pathogenesis of
AMD [10, 11]. Lutein and zeaxanthin further attenuate the
expression of genes associated with inflammation. There is
evidence of a possible beneficial role for lutein in enhancing
glial cell survival after hypoxia-induced damage via regula-
tion of both apoptosis and autophagy [11].

Lutein is generally recognized as safe, as indicated by nu-
merous studies, but there is a lack of conclusive data on its
optimal dosage as a dietary supplement. High concentra-
tions of lutein are found in dark green leafy vegetables and
in egg yolk. The ratio of lutein to zeaxanthin varies between
foods, ranging from 12 to 63 in green vegetables and only
0.1 to 1.4 in yellow-orange fruits and vegetables [12].
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American adults typically consume about 1-2 mg of lutein
per day. A systematic risk assessment of the use of lutein
supplements in placebo-controlled intervention studies
was published in 2006. It provided evidence that lutein is
safe at doses up to 20 mg/24 h. Doses of lutein ranged from
8 to 40 mg/24 h, and the duration of the study ranged from
7 days to 24 months. Only a few studies monitored possi-
ble adverse side effects. AREDS2 study results reported no
side effects except for some yellowing of the skin. This oc-
curred with lutein and zeaxanthin supplementation (10 and
2 mg/24 h, respectively) for an average of 5 years in patients
with intermediate AMD [13-15].

OMEGA-3 ACIDS

Omega-3 acids are unsaturated fatty acids. These inclu-
de EPA and DHA. The human body is unable to produce
them on its own. Their source is food, mainly marine fish.
Omega-3 and omega-6 acids play a key role in the proper
functioning of the brain and the process of cell growth and
differentiation. Omega-3 acids are building blocks of pho-
spholipids of cell membranes and mitochondrial membra-
nes, microsomes, cells of the nervous system and retina
of the eye. Many studies have demonstrated their anti-in-
flammatory, cardioprotective, hypotensive, anti-atherosc-
lerotic effects, among others. The beneficial properties of
DHA and EPA suggest a likely mechanism for regulating
inflammatory and immune responses in the retina. There
are many studies outlining the beneficial effects of omega-3
acids on reducing the risk of AMD. A study conducted in
the United States on older male twins showed that frequent
fish consumption and higher intake of omega-3 acids redu-
ced the risk of AMD, even after accounting for other risk
factors. Increased fish consumption at 2 or more servings
per week reduced the risk of AMD. The protective effect
of absorption of long-chain omega-3 polyunsaturated acids
was evident only when the intake of linoleic acid (an ome-
ga-6 acid) was low. The authors found similar conclusions
in other publications; they reported the need to maintain
the right ratio of omega-6 and omega-3 acids in the diet.
The ideal ratio of omega-6 to omega-3 is from 3:1 to 4:1,14.
The results presented by Seddon et al. indicate that excessi-
ve amounts of omega-6 acids in the diet weaken the protec-
tive effects of omega-3 acids. In addition, cigarette smoking
has been confirmed as a risk factor for AMD. Current smo-
kers had an almost 2-fold increased risk of AMD, and past
smokers had a 1.7-fold increased risk compared to those
who had never smoked [4].

FOLICACID, VITAMINS B, B;,

Homocysteine (HCY) is an amino acid synthesized in the
body from methionine and is an intermediate product in
the synthesis of cysteine. The metabolism of homocysteine

is closely related to the management of vitamins B, B;, and
folic acid. Measurement of HCY levels is used in assessing
the risk of atherosclerotic and thrombotic diseases. Eleva-
ted homocysteine levels in the blood cause, among other
things, endothelial dysfunction, impaired vascular reactivi-
ty, and increased inflammatory processes. A deficiency of
vitamins B,, B¢ and folic acid is associated with an increase
in HCY. An association between elevated serum homocy-
steine levels and an increased risk of AMD has been pro-
ven. A correlation was also observed between total intake
of vitamin By, and folic acid equivalent and the 10-year in-
cidence of AMD. An increased risk of AMD over 10 years
was significantly associated with baseline vitamin B, or
folic acid deficiency. In addition, vitamin B,, supplemen-
tation was associated with a reduced risk of AMD. Such
association was independent of potential additional factors
that could affect the outcome of the study, such as smoking,
consumption of fish and other dietary supplements, and re-
nal function parameters and white blood cell count. In the
elderly, due to malabsorption, achieving optimal vitamin B;,
concentrations can be problematic. A better option for the
elderly are vitamin B,, supplements, which are taken in hi-
gher doses in crystalline form and are also more bioavaila-
ble than the naturally occurring vitamin [16].

ZINC

Zinc is an essential mineral found in the human body, as
it acts as a catalyst for more than 300 enzymes. It plays an
important role in the functioning of the immune and blo-
od clotting systems, and is an important part of the body’s
antioxidant defense. Zinc has been shown to be involved
in inhibiting complement activation and increasing the an-
tioxidant capacity of the retina, which may play a protective
role in AMD [17, 18]. A study conducted in Australia and
published in 2019 by Dharamdasani Detaram et al. confir-
med that reduced dietary zinc intake was associated with
a higher likelihood of subretinal fluid and greater mean
retinal thickness in patients with neovascular AMD during
anti-VEGF treatment. A threshold effect for zinc was also
observed, i.e., 8.1 mg, below which a higher risk of subreti-
nal fluid was noted in the study group. However, zinc intake
was not significantly associated with visual acuity [18].

VITAMINS CAND E

Vitamins C and E are mainly known for their antioxidant
properties, involving the elimination of free radicals re-
sponsible for DNA damage. The AREDS study was desi-
gned to evaluate the effect of antioxidants and/or dietary
zinc on the risk of developing advanced AMD. Participants
were randomly assigned to one of four groups receiving
appropriate oral preparations daily: group 1: antioxidants

OPHTHATHERAPY

Copyright © Medical Education

Vol. 11/Nr 1(41)/2024 (s. 14-23)

© Medical Education. For private and non-commercial use only. Downloaded from
https://www.journalsmededu.pl/index.php/ophthatherapy/index: 14.07.2025; 05:54,16



Supplementation in diet of patients with retinal diseases

A. Swiech, S. Teper, M. Gawecki, A. Nowiriska, M. Fiqurska, J. Adamiec-Mroczek, 1. Karska-Basta, J. Kucharczuk

(500 mg vitamin C, 400 IU vitamin E and 15 mg (-caro-
tene); group 2: zinc (80 mg in the form of zinc oxide) and
copper (2 mg in the form of copper oxide); group 3: an-
tioxidants plus zinc; group 4: placebo. Individuals with
extensive intermediate drusen, large drusen or non-central
geographic atrophy in one or both eyes, or with advanced
AMD or visual acuity <20/32 in one eye taking antioxidants
in combination with zinc had the lowest risk of AMD pro-
gression or loss of visual acuity by 15 letters or more. The
beneficial effect of antioxidants combined with zinc resul-
ted in a 25% decrease in the relative risk of progression of
AMD to its advanced form. In the group taking only an-
tioxidants, the reduction in the risk of AMD progression
was 17%, while it was 21% for those taking only zinc. The
dose of B-carotene used in this study was 15 mg/24 h. Other
studies using similar doses of B-carotene in individuals at
high risk for lung cancer (cigarette smokers) have shown an
increased incidence of cancer and death [15]. The study’s
safety monitoring committee recommended that smokers
stop using p-carotene-containing drugs [19].

RESVERATROL

Due to its antioxidant power and ability to scavenge free
radicals, resveratrol (RSV) can protect eye tissues from
oxidative stress. The main targets of oxidative stress asso-
ciated with AMD are the RPE cells, which form the cell lay-
er responsible for maintaining the health of the retina by
providing structural and nutritional support. Thanks to its
antioxidant power, RSV may be as effective in reducing the
risk of AMD as the antioxidants commonly found in fruits
and vegetables (vitamins C, E and carotenoids), whose con-
sumption has been shown to delay or prevent the develop-
ment of retinal disease. In addition, the polyphenol protec-
ted against oxidative damage to RPE cells via a mechanism
of modulation of SOD/MDA (malondialdehyde) activity
and activation of Bcl-2 expression. These protective effects
of RSV may be related to inhibition of mitogen-activated
protein kinase (MAPK) pathways induced by oxidative
stress. At the base level, RSV was able to reduce phosphory-
lation of extracellular signal-regulated kinase 1/2 (ERK 1/2)
— phospho-ERK1/2, in a dose-dependent manner, as well as
tyrosine/threonine mitogen-activated kinase (MEK), parti-
cularly at 25 and 50 uM RSV compared to cells treated with
H,O, alone.

In this approach to inhibiting angiogenesis, RSV may co-
unteract AMD by affecting VEGF that contributes to ab-
normal blood vessel growth. To test this hypothesis, we
tested the protective effect of RSV on oxysterol-induced
VEGEF secretion in RPE cells. Oxysterols induced VEGF-A
secretion 24 h and 40 h after treating cells with 73-hydroxy-
cholesterol and 25-hydroxycholesterol, respectively. It was
observed that simultaneous treatment of cells with RSV at

a concentration of 1 uM reduced VEGF-A secretion indu-
ced by these oxysterols both after 24 h and after 40 h.
Resveratrol was also shown to inhibit macrophage infil-
tration into the RPE-vascular complex and to suppress
the expression of inflammatory and angiogenic molecu-
les, including VEGF, monocyte chemoattractant protein-1
(MCP-1) and intercellular adhesion molecule 1 (ICAM-1).
The underlying molecular mechanism appears to be ba-
sed on the maintenance of AMP-activated protein kinase
(AMPK), which exerts NF-kB inhibitory effects in the RPE-
-vascular complex [20-22].

The 2023 study included 50 patients with wet AMD who
qualified for anti-VEGF therapy (aflibercept 2 mg). Half of
the subjects received a formula containing a set of supple-
ments, including RSV (Resvega®, Laboratoires Thea). After
analyzing the results obtained during the one-year follow-
-up, there were no significant changes in visual acuity in the
two groups of patients, while an improvement in the sense
of contrast was observed in the supplemented group. The
authors also noted a significant difference in quality of life
improvement based on patients’ responses to the Hospital
Anxiety and Depression Scale (HADS). It would undoubte-
dly be worthwhile to conduct a similar study with a longer
follow-up period [20]. The findings presented in this paper
suggest an important role for supplementation in patients
with wet or dry AMD.

In another study [23], two groups of patients with unilateral
wet AMD were observed; both groups received supplemen-
tation according to the AREDS protocol. The first group
(59 study participants) — which was the control group — re-
ceived supplementation according to the original AREDS
formulation (vitamin C, vitamin E, p-carotene, zinc oxi-
de), while the second group (50 persons) received supple-
mentation according to AREDS, but excluding p-carotene,
instead containing copper, DHA, lutein, zeaxanthin, RSV
and hydroxytyrosol. Patients were studied after 6 and 12
months of supplementation. Analysis of the results showed
that the use of an enriched supplement formula in the study
group had no significant effect on visual acuity compared
to the control group. However, there was a significant de-
crease in inflammatory cytokines, as well as a marked im-
provement in the fatty acid profile and an increase in serum
lutein levels. This undoubtedly has a beneficial effect on the
anti-inflammatory and anti-angiogenic profile of the AMD
patient. Supplementation in patients with AMD has now
become a routine procedure used by ophthalmologists in
Europe; it should also be used in Poland.

The NAT?2 (Nutritional AMD Treatment 2) study evaluated
the prophylactic effect of orally administered DHA compa-
red to placebo and observed a reduced risk of developing
choroidal neovascularization in the study group. This was
associated with an increased concentration of EPA/DHA
acids in the cell membranes of red blood cells [24].
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Another aspect that undoubtedly plays an important role in
the complex etiopathogenesis of AMD is chronic inflamma-
tion, which is induced not only locally but also systemically
in patients in this group. An increase in such inflammatory
markers as IL-1 (interleukin 1), TNF (tumor necrosis fac-
tor), IL-6, CRP (C-reactive protein) is observed. The use of
enriched supplementation in the study group resulted in
a decrease in IL-8, IL-1 and TNF concentrations. This is
important because both IL-1 and IL-8, as well as TNF, not
only induce inflammation, but also have a stimulating effect
on angiogenesis, so lowering the levels of these mediators
reduces the risk of developing choroidal neovasculariza-
tion, as has been documented in animal models.

Another ingredient in the AREDS-enriched formula, RSV,
has an effect on reducing the secretion of pro-inflammato-
ry cytokines such as IL-6, IL-8 and TNFE.

In advanced stages of AMD, there is geographic atrophy or
complications associated with subretinal neovasculariza-
tion. In the dry form of AMD, patients are advised to take
appropriate supplementation, as well as to use customized
optical aids. Patients should also be sensitized to the issu-
es of ensuring eye protection by wearing glasses equipped
with ultraviolet radiation filters, stopping smoking, as well
as maintaining a proper diet and physical activity.

In wet AMD, the standard therapeutic management is the
administration of intravitreal injections with anti-VEGF
inhibitors. A prerequisite for the success of this type of tre-
atment is the regular administration of these drugs at in-
tervals individually tailored to the needs of the individual
patient.

Diabetic retinopathy is another disease that is one of the
leading causes of vision deterioration and loss in the adu-
It population. As with AMD, the etiology is multifactorial
and includes, in addition to metabolic disorders, oxidati-
ve stress, inflammation, and changes initially involving the
capillary endothelium. The effect of oral supplementation
with antioxidants in patients with diabetic retinopathy
was investigated and showed no significant effect on visu-
al acuity or regression of diabetic macular edema. Instead,
attention was drawn to the role of this type of supplemen-
tation, which in patients with the early stages of diabetic
retinopathy is a valuable addition to the diet. Supplementa-
tion is recommended as a prophylactic measure in T1 and
T2 stages of retinopathy and in patients with mild nonpro-
liferative diabetic retinopathy without diabetic macular
edema. As with AMD, improving the antioxidant and anti-
-inflammatory profile in this group is extremely important
[21, 25].

In conclusion - it is worthwhile for patients with retinal
conditions to recommend researched dietary supplements
and a healthy lifestyle with limited UV exposure to the eyes.
The improvement in a patient’s anti-angiogenic and anti-
-inflammatory profile that follows the implementation of

appropriately enriched supplementation is important due
to the fact that both of these processes underlie most retinal
diseases, led by AMD and diabetic retinopathy.

SUPPLEMENTATION VS. GENETICS

Macular diseases, especially AMD, are partly genetic.
Currently, we do not have the ability to directly influence
polymorphisms of genes that alter disease risk. This makes
the area of research into the effects of specific supplement
ingredients on preventing retinal damage all the more fa-
scinating. Research to date is inconclusive, but the perso-
nalization of prevention can be expected to grow rapidly
in the coming years with the spread of genetic testing and
more population-based studies. It cannot be ruled out that
artificial intelligence-based analysis of imaging studies will
uncover such correlations in somewhat smaller groups of
patients or sooner than after many years. The main difficul-
ties in this type of research so far have been precisely both
the necessary observation time and the very large size of
the study population, as well as the multitude of confoun-
ding factors. Studies conducted on animal models and cell
lines also provide valuable information.
Analysis of genetic variants in the AREDS study was as-
sociated with pharmacogenetic suggestions. Patients
without CFH (complement factor H) risk alleles and with
1 or 2 ARMS2 (age-related maculopathy susceptibility 2)
risk alleles obtained maximum benefit from zinc-only sup-
plementation. Patients with 1 or 2 CFH risk alleles and no
ARMS?2 risk alleles received maximum benefit from sup-
plementation containing only antioxidants; zinc treatment
was associated with increased progression to advanced
AMD. The results were supplemented 2 years after the first
publication — the benefits of specific supplementation in
certain genetic groups were indicated [17]. Interestingly,
this was in response to the work of Chew et al. which in-
dicated that supplementation efficacy was independent of
genotype [26]. The work by Chew et al. divided the study
population into 27 different genotypes, making it impossi-
ble to obtain significant results in any of the groups. In such
a view, supplementation would by definition be ineffective
in everyone, which is inconsistent with the available data
of many studies. Therefore, it is worth recalling the recom-
mendations from the aforementioned 2015 paper, which
divided patients into only 4 groups according to genotypes:
1. We recommend zinc or an AREDS formulation conta-
ining zinc in patients with 0 or 1 CFH and 1 or 2 ARMS2
risk alleles.
2. We recommend antioxidants for patients with 1 CFH
risk allele and 0 ARMS2. We predict that patients with
2 CFHrisk alleles and no ARMS2 risk alleles would have
a higher AMD progression rate with zinc or AREDS tre-
atment and should be treated with antioxidants, which
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is consistent with the observed 3-fold increase in AMD
incidence over 7 years — progression associated with
zinc or AREDS treatment.

3. Finally, for patients with 2 CFH risk alleles and 1 or
2 ARMS?2 risk alleles, with the highest genetic risk, no
treatment provides significant benefit [17]. Thus, sho-
uld CFH and ARMS2 polymorphisms be mandated to
be tested in the entire supplementation population? Ge-
netic tests of this type are inexpensive and readily ava-
ilable. It seems that this stage of pharmacogenomics in
AMD has not yet arrived. Post-hoc studies do not pro-
vide sufficient evidence for the conclusiveness of such
recommendations. Instead, they point to the potential
necessity of genotype-based prospective studies as
early as the initial stages. Perhaps, by using genetically
matched supplements, we could incorporate them into
the diet earlier and prevent the development of AMD in
most people. In selected groups of interested patients,
a genetic test may be considered.

However, it is important to note that at least some of the
nutrigenetic associations can be surprising and demon-
strate the complexity of biochemical mechanisms. Among
women taking at least 15 mg of zinc per day, there was
a reduction in the risk of cognitive impairment if they car-
ried 1 or 2 copies of the increased AMD risk polymorphism
of the CFH gene, but no risk copy of the ARMS2 gene. In
contrast, an increased risk of AMD has been reported
in the same group [27].

Contrary to appearances, diabetic changes seen in the fun-
dus are also not solely related to metabolic glycemic con-
trol, but also depend on genetic polymorphisms, which
themselves can significantly worsen diabetic retinopathy.
One example is the methylenetetrahydrofolate reductase
gene (MTFHR), polymorphisms of which affect homocy-
steine levels and adversely alter the course of retinopathy.
The common C677T polymorphism of the MTHER enzy-
me causes impaired sensitivity to flavinadenine dinucleoti-
de, reducing the synthesis of L-methylfolate. This causes
elevated homocysteine levels, resulting in hypertension and
vascular disease [28]. Riboflavin supplementation increases
L-methylfolate synthesis, lowers homocysteine levels and
lowers blood pressure, which appears to protect the reti-
na from hyperglycemia and oxidative stress [29]. MTHER
polymorphisms also increase the body’s susceptibility to vi-
tamin By deficiency [30, 31]. It was noted that hyperhomo-
cysteinemia has probably an independent effect on AMD
as well. In the Women'’s Antioxidant and Folic Acid Cardio-
vascular Study (WAFACS), high doses of vitamins B, B,
and folic acid reduced the risk of developing AMD by 40%
after 7 years [32].

The mechanisms involved in risk are not the sole determi-
ning factor; the metabolism of the substances taken also

plays a role. Carotenoids used in supplements may be ab-
sorbed and utilized differently by the body, which could
also be associated with personalized dietary recommenda-
tions in the future [33].

CONCLUSION

It is worth noting that the world’s expert retinologists, af-
filiated with both European (e.g. EURETINA) and Ame-
rican (American Academy of Ophthalmology — AAO)
associations, address the use of supplementation in affec-
ted patients in their guidelines for the treatment of reti-
nal disorders. Based on the results of the AREDS study,
supplementation with formulations that correspond to
the AREDS formulation is recommended for a group of
patients diagnosed with moderate or advanced dry AMD.
The aforementioned associations point out the need for
proper patient qualification and the use of appropriate sup-
plements. Due to the wide availability and variety of such
preparations and numerous advertisements in the media,
a large group of patients use supplements whose compo-
sition significantly deviates from the recommended one.
For this reason, it is extremely important to educate such
individuals to make them aware of the legitimacy of using
formulations tested for composition.

This task is one of the initiatives taken by a group of Polish
specialists involved in the treatment of retinal disorders, af-
filiated with the newly established Retina Club Association.
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