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ABSTRACT

Aim: The aim of the article was to discuss the role of balanced supplemen-
tation in diet of age-related macular degeneration patients.

Methods: This review was carried out using comprehensive and systematic
literature reports on the role of supplementation of vitamin D, vitamin C,
vitamin E, vitamin B, vitamin B, zinc, lutein, zeaxanthin, omega-3 acid
and folic acid in the prevention of AMD.

Results: Vitamins, minerals and carotenoids are essential for the proper
retinal function over an inflammation and immune response modulation.
Conclusions: Vitamins, minerals and carotenoids discussed in the article
have anti-inflammatory and antioxidative properties in the management of
AMD progression. Accordingly, it is relevant to assure the appropriate level
of these nutrients in a diet of AMD patients.
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INTRODUCTION

Age-related macular degeneration (AMD) is one of the
main causes of vision loss in developed countries, in-
cluding Poland. This disease affects mainly people aged
over 50, and its morbidity rate increases with age. AMD
is classified into two types: dry and wet (exudative).
The dry form accounts for about 85-90% of all AMD
cases, whereas the wet form — for about 10-15%. This
progressive disease is characterised by degeneration of
the retinal pigment epithelium (RPE), leading to photo-
receptor death and central vision loss. Retinal pigment
epithelium cells are prone to oxidative stress — a factor
that induces inflammation. The dry form is character-
ised by the presence of drusen, i.e. metabolic products
that accumulate under the retinal pigment epithelium,
and a thickening of the Bruch’s membrane. Dry AMD
also entails geographic atrophy with discrete regions of
loss of RPE, photoreceptors, and choroidal capillaries.
Wet AMD is characterized by the presence of choroidal
neovascularization — CNV. The formation of the subret-
inal neovascular membrane occurs through the pathway
of pathological angiogenesis. The vascular endothelial
growth factor (VEGF) plays a major role among the fac-
tors activating this process [1].

The gold standard in the treatment of wet AMD are in-
travitreal injections of anti-VEGF inhibitors. This treat-
ment is intended to inhibit the formation of new vessels
in the subretinal space. Unfortunately, there is currently
no effective therapy for dry AMD.

The etiology of AMD has not yet been fully understood.
Based on the available epidemiological studies, it has
been found to be multifactorial. It is believed that apart
from the aging processes, genetic predisposition and
certain environmental factors, such as smoking, diet,
ultraviolet radiation or concomitant cardiovascular dis-
eases, are also important [2].

An appropriate, varied and age-suitable diet is funda-
mental to leading a healthy lifestyle. Dietary intake of
lutein, zeaxanthin, omega-3 acids, folic acid, zinc and
vitamins D, B6, Bm,
ficial effect on maintaining normal vision. The afore-
mentioned vitamins, minerals and carotenoids have an-
ti-inflammatory, anti-oxidative and immunomodulating
properties, and reduce the risk of AMD progression. As
the human body is ageing, the uptake and assimilation
of nutrients decreases. This article discusses the relation
between the supply of particular nutrients and the risk
of AMD progression.

C and E is known to have a bene-

VITAMIN D

Vitamin D precursor is produced mainly in the skin (ap-
prox. 80—100%). The vitamin is formed under ultravio-

let light (UV) as a result of its precursor 7-dehydrocho-
lesterol (7DHC) being converted into vitamin D,. The
amount of human-made vitamin D is subject to seasonal
fluctuations. In the moderate climate zone, the amount
of sunlight supplied for about half of the year is too little
for human skin to produce enough of this vitamin. An
alternative source of vitamin D is diet, covering about
20% of the daily demand. Its two forms are found in food
products: vitamin D of animal origin — cholecalciferol
(vitamin D,) and vitamin D of plant origin — ergocalcif-
erol (vitamin D,). Cholecalciferol, which is absorbed in
the small intestine, is transported to the liver and binds
to DBP (vitamin D binding protein). The liver is respon-
sible for the first stage of the biosynthesis of the active
form of vitamin D. After enzymatic hydroxylation, vi-
tamin 25-(OH)D is formed. This reaction is catalyzed
by 25-hydroxylase (CYP27A1, CYP3A4, and CYP2R1),
which is a group of hydroxylases of cytochrome P450.
Vitamin 25-(OH)D is transported to the kidneys, where
an active form of vitamin D — 1 25(OH) 2D (calcitriol)
is formed, in the presence of 1 -hydroxylase (CYP27B1).
Calcitriol belongs to a broad group of hormones which
are transcription factors for genes of target proteins.
Calcitriol exerts its biological action through the intra-
cellular receptor VDR (vitamin D receptor). The discov-
ery of vitamin D receptor’s presence in many tissues in-
itiated research on other non-classical and extraskeletal
effects of vitamin D.

In 2014, a paper was published documenting the pres-
ence of the VDR receptor in human eye tissues and its
potential role in the synthesis of vitamin D [3]. This
team assessed human scleral fibroblasts (HSF), human
corneal endothelial cells-12 (HCEC-12), nonpigmented
ciliary body epithelial (ODM-2) cells and adult retinal
pigment epithelial-19 (ARPE-19) cells for the expression
of, among other things, the vitamin D receptor (VDR),
enzymes activating vitamin D, (1,-hydroxylase-CYP27B1,
25-hydroxylase-CYP27A1 and CYP2R1), using RT-PCR
(real-time polymerase chain reaction), immunocy-
tochemistry and immunoenzyme assays. The study
showed that all the aforementioned cell types demon-
strate mRNA and protein expression for all components
synthesizing and metabolising vitamin D. All cell types
except human scleral fibroblasts have the ability to con-
vert inactive 25-hydroxyvitamin D, into its active form
in vitro [3]. Vitamin D, has been classified as an immu-
nomodulatory hormone. It controls innate and acquired
immune responses [4]. Calcitriol inhibits T CD4+ cell
production of proinflammatory cytokines in vitro, and
promotes regulatory T cell phenotype [5]. Endogenous
conversion of 25(OH)D, has been shown to inhibit den-
dritic cell antigen presentation and chemotaxis [6].
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Vitamin D is an immune system modulator and coop-
erates with two members of family H and I regulators
of complement activation [7]. Calcitriol is believed to
modulate the adaptive immune response to inhibit in-
flammation. Additionally, it reduces proinflammatory
cytokine production in immune cells, inhibits dendritic
cell maturation, as well as T and B cells proliferation. In
2015, Amy E. Millen and her team conducted the study
CAREDS, describing the synergistic effect between the
level of vitamin D and the expression of the complement
cascade proteins. These researchers further demonstrat-
ed that the polymorphism of proteins which are neces-
sary to activate the complement cascade increases the
risk of AMD. An approximately 6-fold increase has been
observed in the probability of AMD in women with vita-
min D deficiency (< 30 nmol/l) and 2 risk alleles for com-
plement factors H and I, as compared to women who do
not carry the high risk alleles with an appropriate level of
vitamin D (> 75 nmol/l) [8].

The 2018 recommendations of the Polish Society of
Pediatric Endocrinology and Diabetes and of the expert
panel with the participation of national expert consult-
ants and representatives of scientific societies recom-
mend individual vitamin D dosage titration, according
to the age, body weight, sunlight (time of year), sunlight
exposure, eating habits and lifestyle. In healthy adults
(19-65 years old) who sunbathe with exposed forearms
and legs for at least 15 minutes between 10 am and 3 pm,
with no sunblock, from May to September, supplemen-
tation is not necessary, although it is still recommend-
ed and safe. If the above recommendations are not fol-
lowed, doses of 800—2000 IU/day based on body weight
and dietary consumption of vitamin D throughout the
year are recommended. Due to reduced effectiveness of
dermal synthesis in the elderly (> 65-75 years old) and
people with dark complexion, vitamin D supplementa-
tion is recommended at the dose of 800-2000 IU/24 h,
depending on body weight and dietary intake of the vi-
tamin throughout the year [9]. In the oldest people
(> 75 years old), due to reduced efficacy of dermal syn-
thesis, potential absorption disorders and altered vita-
min D metabolism, it is recommended to supplement it
with a dose of 2000—4000 1U/24 h, depending on body
weight and diet, throughout the year. In Poland, skin
synthesis of vitamin D can only be effective in spring and
summer (from May to September). In a large part of the
adult population exposure to sunlight is typically very
limited due to the type of work performed [9].

Vitamin D has immunomodulating and anti-inflam-
matory properties, and thus reduces the risk of AMD.
Supplementation of vitamin D in the adult population is
recommended due to the limited potential for its dermal
synthesis. This results from a limited exposure to sun-
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light due to the type of work performed and the latitude
of Poland.

CAROTENOIDS — LUTEIN AND ZEAXANTHIN

In the human body, there is no lutein synthesis de novo,
it is supplied with food only. Carotenoids are fat soluble
and therefore high fat diet facilitates their absorption.
Once these compounds are supplied and dissolved in the
gastric juice, they are absorbed in the form of micelles.
The transport takes place mainly through low-densi-
ty lipoproteins (LDL 55%), high density lipoproteins
(HDL 33%) and very low density lipoproteins (VLDL
10-19%) [10]. The distribution of lutein and zeaxanthin
in LDLs and HDLs is similar. In a cross-sectional study
published in 2012, a relation was observed between
lutein or zeaxanthin concentrations and lipoproteins.
Moreover, it was found that a change in lipoprotein
concentrations may affect lutein and zeaxanthin levels
in the retina [11]. The transport of lutein to various hu-
man tissues is not uniform. In the human body, lute-
in and zeaxanthin are particularly concentrated in the
macula, where they are main components of the mac-
ular pigment. The latest studies carried out using con-
focal microscopy have shown the spatial distribution
of lutein and zeaxanthin in the human retina. Zeaxanthin
has been shown to be concentrated in the fovea, extend-
ing from the inner to the outer border membrane, with
particularly high concentration in the outer plexus layer.
The concentration of zeaxanthin decreases sharply in the
peripheral part of the macula. Lutein, on the other hand,
is more evenly distributed in the macula, at a relatively
lower concentration as compared to zeaxanthin [12].
Due to the presence of hydroxyl groups in the carbon
ring in its molecular structure, lutein demonstrates
higher polarity than other carotenoids. This structure
enables it to bond better to the serum oxygen [13]. Lutein
and zeaxanthin are a type of blue light high-energy filter,
protecting the macula against photooxidative damage. Flu-
orescence emission has been shown to be lower in carot-
enoid-containing liposomes than in carotenoids-free con-
trols after exposure to blue light, indicating the filter effect.
The filter efficiency was the highest for lutein, followed by
zeaxanthin, and to a lesser extent — for 3-carotene [14]. Diet
enrichment with additional carotenoids supplementation
may reduce the impact of oxidative stress on the retina, re-
ducing the blue light impact intensity by up to 90%. Under
physiological conditions, reduction of the harmful effects
of blue light on the retina is about 40% [15]. Nowadays, it
is of great importance because our eyes are particularly ex-
posed to toxic blue light from smartphones, computers and
LED lamps, which are increasingly popular indoors.
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Numerous studies confirm the anti-inflammatory prop-
erties of lutein and zeaxanthin. In vitro studies show that
lutein inhibits activation of proinflammatory molecules
such as: NF-KB (nuclear factor kappa-light-chain-enhancer
of activated B cells), as well as iNOS expression (inducible
nitric oxide synthase) and COX-2 (cyclooxigenase-2) [16]
and possibly exerts effects on the level of factor D of the
complement activation pathway, which is involved in the
pathogenesis of AMD [17]. In addition, lutein and zeax-
anthin inhibit the expression of genes related to inflam-
mation [18]. There is evidence of a possible beneficial role
of lutein in increasing survival of glial cells after damage
caused by hypoxia, through regulating both apoptosis and
autophagy [19].

An article published by Gale et al. discusses the relation
between lutein and zeoxanthin plasma concentrations and
age-related macular degeneration. The increased risk of
early and late forms of AMD was significantly higher for
people with lower plasma concentrations of zeaxanthin
as compared to people without this condition. Low plas-
ma concentrations of lutein and zeaxanthin or lutein alone
were associated with a slight increase of the risk of AMD.
The study cited above confirms that zeaxanthin can protect
against age-related macular degeneration [20].

Lutein has a relatively high safety profile (GRAS, general-
ly recognized as safe), as shown by numerous studies [11].
Based on the AREDS?2 study, lutein and zeaxanthin should
be taken together, at a proportion of 5 : 1. The recommend-
ed dose of lutein is 10 mg, and zeaxanthin — 2 mg [21].
Lutein and zeaxanthin will reduce the risk of early and late
forms of AMD. They have anti-inflammatory and anti-ox-
idative properties. Lutein and zeaxanthine are the main
component of the macular pigment, constituting a type of
blue light high-energy filter and hence protecting the mac-
ula against photooxidative damage.

OMEGA-3 ACIDS

Omega-3 acids are unsaturated fatty acids. They include
e.g. eicosapentaenoic acid (EPA) and docosahexaenoic acid
(DHA). The human body is unable to produce them itself.
Their source is food, mainly sea fish. Omega-3 and omega-6
fatty acids play a key role in normal brain function and cell
growth and differentiation. Omega-3 acids are components
of the cellular and mitochondrial membrane phospholip-
ids, microsomes, nervous system cells and retina. In many
studies they have been shown to have anti-inflammatory,
cardioprotective, hypotensive, and anti-atherosclerotic ef-
fects. The beneficial properties of docosahexaenoic acid
and eicosapentaenoic acid suggest a probable mechanism
of inflammatory and immune response regulation in the
retina. There are many studies showing the beneficial ef-
fect of omega-3 acids in reducing the risk of AMD. A study

on elderly male twins has been conducted in the United
States. It proved that frequent consumption of fish and
higher consumption of omega-3 fatty acids reduced the
risk of AMD, even after considering other risk factors. In-
creased fish consumption with 2 or more portions per week
reduced the risk of AMD. The protective effect of omega-3
long chain polyunsaturated fatty acid absorption was only
visible when the consumption of linoleic acid (omega-6
fatty acid) was low [22]. Similar conclusions can be found
in other publications, addressing the need to maintain the
appropriate ratio of omega-6 and omega-3 fatty acids in the
diet. The ideal omega-6/omega-3 ratio is from 3 :1to 4: 1
[22, 23]. The results presented by Seddon et al. show that an
excessive amount of omega-6 fatty acids in the diet weakens
the protective effect of omega-3 fatty acids. In addition, the
negative influence of smoking as a risk factor for AMD was
confirmed. Current smokers had an almost 2 times greater
risk of AMD, and past smokers had a 1.7 times greater risk
than those who had never smoked [22].

Omega-3 acids reduce the risk of AMD by controlling the
inflammatory and immune response in the retina. The pro-
tective effect of omega-3 fatty acids occurs only when an
appropriate omega-6 to omega-3 acids ratio in the diet is
maintained.

FOLIC ACID, B, B

Homocysteine is an amino acid synthesized from methio-
nine in the body and it is an intermediate product in the
cysteine synthesis process. Homocysteine conversions are
closely dependent on vitamin B, B, and folic acid metab-
olism. The measurement of homocysteine (HCY) concen-
tration is used in risk assessments of atherosclerotic and
thrombotic diseases. Increased homocysteine blood level
results in endothelial dysfunctions, impairs vascular reac-
tivity, and intensifies inflammatory processes, among other
things [24, 25].

Vitamin B, B, and folic acid deficiencies lead to an in-
crease in HCY concentration. A potential relation between
increased concentrations of serum homocysteine and in-
creased risk of AMD was demonstrated. There is also
evidence of a relation between total consumption of vita-
min B, and folic acid equivalent and 10-year incidence of
AMD. The 10-year increased risk of AMD was significantly
associated with baseline vitamin B,, or folic acid deficien-
cy. In addition, vitamin B , supplementation was associated
with a reduced risk of AMD. These correlations were inde-
pendent from potential additional factors that could have
affected the study, such as smoking, consumption of fish
and other dietary supplements, as well as kidney function
parameters and white blood cell counts [26].

A large randomised WAFACS study was published in 2009,
where Christen et al. assessed the impact of group B vita-
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mins and folic acid intake on the prevalence of AMD. The
follow up period was about 7 years. The study group in-
cluded over 5400 women with an increased risk of cardio-
vascular diseases. The participants were randomly assigned
to one of two groups — folic acid (2.5 mg/24 h), vitamin B,
(50 mg/24 h), and vitamin B , (1 mg/24 h) group or placebo
group. The group of women receiving folic acid, vitamin B,
and vitamin B , demonstrated a 35-40% lower AMD risk,
as compared to the placebo group. Plasma homocysteine
levels were reduced by 18.5% in the folic acid and vitamins
B group, as compared to the placebo group. The beneficial
effect of supplementation with folic acid, vitamin B, and
vitamin B, began to appear after approx. 2 years of fol-
low-up, and persisted throughout the remaining period [27].
Folic acid, vitamin B, and vitamin B , supplementation may
reduce the risk of AMD by lowering plasma homocystein
levels and reducing inflammatory processes. In the elderly,
due to poor absorption, the optimal level of vitamin B , may
be challenging to achieve. For these patients, the alterna-
tive is vitamin B,, supplementation, which, if taken at high-
er doses, is more bioavailable than the naturally occurring
vitamin [28].

ANTIOXIDANTS (ZINC, VITAMINS CAND E)

Zinc is an essential mineral for the human body, as it acts
as a catalyst for more than 300 enzymes. It plays an impor-
tant role e.g. in the functioning of the immune system and
coagulation, and it is an important component of the body’s
antioxidant defense. Zinc has been shown to participate in
inhibition of complement activation and increases the anti-
-oxidative capability of the retina, which may play a protec-
tive role in AMD [29]. A study carried out in Australia and
published in 2019 by Harshil Dharamdasani Detaram and
team confirmed that decreased dietary zinc intake was as-
sociated with a higher probability of subretinal fluid pres-
ence [30].

Zinc has anti-oxidative and anti-inflammatory properties,
which can play a role in the prevention of AMD.

Vitamins C and E are mainly known for their anti-oxidative
properties, consisting in eliminating free radicals responsi-
ble for DNA damage.

AREDS AND AREDS2 FORMULAS

AREDS and AREDS2 are the largest multi-centre rand-
omized clinical studies on the role of dietary supplements in
AMD patients, carried out on groups of over 4000 people.

AREDS study (Age-Related Eye Disease Study) was de-
signed to assess the impact of antioxidants and/or zinc
present in diet on the risk of developing advanced AMD.
The participants were randomly assigned to four groups
receiving suitable oral preparations daily: group 1 — anti-
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oxidants (500 mg of vitamin C, 400 IU of vitamin E and
15 mg of p-carotene), group 2 — zinc (80 mg in the form of
zinc oxide) and copper (2 mg in the form of copper oxide),
group 3 — antioxidants plus zinc, and group 4 — placebo.
Subjects with extensive intermediate drusen, large drusen
or non-central geographic atrophy in one or both eyes, or
with advanced AMD, or with visual acuity < 20/32 in one
eye, treated with anti-oxidants in combination with zinc,
had the lowest risk of AMD progression or loss of visual
acuity by 15 or more letters. The beneficial effect of anti-
oxidants combined with zinc resulted in a 25% decrease in
the relative risk of AMD progression to advanced stage. The
reduction of the risk of AMD progression in the group re-
ceiving only antioxidants was 17%, while for those receiving
only zinc — 21%. The B-carotene dose used in this study was
15 mg/24 h. Other studies using similar [-carotene
doses in high risk lung cancer groups (smokers) have shown
increased cancer incidence and mortality [31]. The study
safety monitoring committee advised smokers to stop tak-
ing B-carotene-containing medicines.

The following study AREDS2, published in 2013, included
about 70% of the participants previously randomised in the
AREDS study. B-carotene was removed from the original
AREDS formula due to its potential carcinogenic effect
in smokers, and the dose of zinc was also reduced to 25
mg. AREDS2 formula was enriched with omega-3 acids
(DHA, EPA), lutein and zeaxanthin. The mean study dura-
tion was 5 years. The AREDS2 study, similarly to AREDS,
confirmed the efficacy in reducing the risk of AMD pro-
gression in patients who supplemented their diet with
a set of antioxidants, such as vitamin C, vitamin E, zinc,
copper, with the addition of lutein (10 mg), zeaxanthin (2
mg), and omega-3 acids (DHA, EPA) versus the original
AREDS formula [21].

CONCLUSIONS

The research presented in this paper indicates an important
role of diet supplementation in AMD.

In conclusion, in patients with AMD it is worth recom-
mending supplementation with ingredients such as: lutein,
zeaxanthin, omega-3 acids, zinc, folic acid and vitamins D,
B, B,,, C, E, as well as a healthy lifestyle and limited eye
exposure to UV radiation. The vitamins, minerals and ca-
rotenoids discussed in this paper have anti-inflammatory
and anti-oxidative properties, and therefore they reduce
the risk of AMD progression. In the elderly, due to poor
absorption, achieving optimal levels of vitamins, minerals
and carotenoids can be challenging. For these patients, the
alternative is supplementation of these ingredients. It is
therefore appropriate to ensure an adequate level of these
substances in the diet of AMD patients.
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