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1. Introduction
Most elderly individuals

suffer

Abstract

Age-related macular degeneraton is an eye disease that is one of the biggest causes of
blindness worldwide. Age-related macular degeneration is a complex and multifactorial
disease. Although there are many risk factors both environmental and genetic such as
ethnicity, age, genetics, family history, and oxidativestress, the most effective and modifiable
risk factor in preventing age-related macular degeneration is smoking. In addition, the fact
that nutrition is a potentially modifiable risk factor suggeststhat it may reduce the risk of
age-related macular degeneration. In many epidemiological studies, especially Age-Related
Eye Disease Studies, the specific effect of vitamins and minerals, which are nutritional
components, on age-related macular degeneration has been investigated as they prevent
oxidativestress due to their antioxidant effect. In this review, the effects of diet and lifestyle
change on age-related maculardegeneration are explained.

Anahtar Kelimeler: Macular degeneration, risk factors, eye diseases, dietary supplements.
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Yasa bagl makula dejenerasyonu, tim diinyada korligln en buylk nedenlerinden biri olan
g6z hastaligidir. Yasa bagl makula dejenerasyonu karmasik ve cok faktorlt bir hastaliktir.
Hem cevresel hem genetik olarak hastaliga yol acan etnik koken, yas, genetik, aile Oykus,
oksidatif stres gibi bircok risk faktori bulunsa da yasa bagh makula dejenerasyonunu
onlemede en etkili, degistirilebilir risk faktoru sigara icmektir. Bunun yaninda, beslenmenin
de potansiyel degistirilebilir bir risk faktoru olarak karsimiza ¢ikmasi, yasa bagh makula
dejenerasyonu olusturma riskini azaltabilecegini distindiirmektedir. Beslenme ve/veya besin
bilesenleri takviyesinin yasa bagh makula dejenerasyonu lizerinde olumlu etki yaratabilecegi
dustintlmis, bununla ilgili bircok calisma yapilmistir. Yasa bagh gz hastaliklarini inceleyen
bircok epidemiyolojik calismada, antioksidan etkisinden dolay oksidatif stresi engelledigi
icin vitamin ve minerallerin, makula dejenerasyonu tizerindeki spesifik etkisi arastinlmistir. Bu
derlemede, diyet ve yasam tarzi degisikliginin yasa bagh makula dejenerasyonu tizerindeki
etkisi anlatiimaktadir.

Keywords: Makula dejenerasyonu, risk faktorleri, g6z hastaliklari, diyet takviyeleri

However, this numbers are estimated to double in 5-10

years (5). Both the prevalence and incidence of allt ypes of

from age-related

macular degeneration (AMD), which is characterized by
structural changes in the Bruch membrane, deposition
of lipofuscin in the retinal pigment epithelium (RPE)
and is the leading cause of irreversible relative loss (1).
Thickening of the RPE and/or enlargement of the new
blood vessel between the Bruch membrane and retina
can cause both geographic atrophy and choroidal
neovascularization, which are types of AMD (2). AMD, the
main cause of central vision loss, affects approximately
10% of individuals older than 65 years and 25% of
individuals older than 75 years in the world (2). There
is no prevalence data for AMD in Turkey. However, in a
meta-analys is conducted in 2015, the percentage of
AMD for individuals aged 50 and over in North Africa
and Middle East group, including Turkey, was 3.2% (3).
In Europe, it is estimated that the number of individuals
with early AMD will vary between 14.9-21.5 million and
the number of individuals with advanced AMD will vary
between 3.9-4.8 million in 2040 (4). Int he United States,
approximately 9 million individuals over the age of 40
are affected by different types and severity of AMD.

AMD increase in direct proportion with age(6). Although
the exact pathogenesis is still unknown, oxidative stress
is thought to be one of the main components of AMD,
as the retina is susceptible to oxidative processes (7).
Many modifiable and non-modifiable factors cause AMD
risk. Ethnicity, age, gender, and genetic predisposition
can be given as examples of non-modifiable factors, and
lifestyle changes such as diet and smoking can be given
as examples of potentially modifiable risk factors. The
modifiable risk factors are of great importance in the
prevention or treatment of the disease and especially to
reduce vision loss (6).

In the most important Age-Related Eye Disease Studies
(AREDS and AREDS2) investigating therole of nutritioninthe
treatment of AMD, it was seen that red meat consumption
may be a risk factor for AMD depending on the dose. On
the other hand, it was concluded that fruit consumption
may be a protective factor due to its antioxidant effects
such as lutein, zeaxanthin, beta-carotene, vitamin B, C,
D, E, and zinc (9).The AREDS study is the only large-scale
commendationstillwithagrade Aforthe prevention of AMD.
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The AREDS formula, containing beta-carotene, vitamin C,
vitamin E, copper, and zinc, has shown that it slows disease
progression over a 5-year period in patients with moderate or
advanced AMD. In addition, zinc or other antioxidants alone
have less effect on AMD, the effect of the combination of
supplements was observed to be more effective (10).

Although the antioxidant-effective nutritional components
have positive effects in patients with AMD, they do not
eliminate the risk in healthy individuals. Therefore, even
if nutritional supplementation is recommended, people
should be informed about the possibility of AMD risk and
other modifiable risk factors. Additionally, the side effects of
the supplements used in AREDS formulation should not be
forgotten due to the excess amount and the length of time
they are used (6).

1.2.Age-related Macular Degeneration

Age-related macular degeneration, which was previously
overlooked and not well understood despite medical and
surgical interventions, but has now become a major public
health problem, is a disease characterized by mild to moderate
vision loss. This disease, which significantly reduces the quality
of life, is the first cause of blindness in Western countries (11).
On the other hand, it is thought that the number of people
with AMD could increase by 40% worldwide from 2020 to 2040
(12).

The hallmark of AMD is that the drusen structure accumulates
in clusters (10). Drusen is the yellowish deposit of oxidized lipids,
proteins, and inflammatory residues located between the
basement membrane of the RPE and the Bruch’s membrane.
It has been observed that as people age, the accumulation
of plasma lipids such as cholesterol and triglycerides in the
Bruch membrane can contribute to the formation of drusen,
and drusen may also become calcified with age (6). Drusen are
further classified by size [small (<63 um in diameter), medium
(63-124 pum), and large (> 124 um)]. It may also appear hard
or soft along the edges (13). While the presence of drusen
is a risk factor for blindness, the presence of small (<63 pm)
and hard drusen is not a risk factor for AMD development
alone (2). AMD has two subtypes with different prognoses. It
is mostly classified as neovascular AMD with minimal visual
impact and atrophic AMD. Neovascular AMD, also known
as choroidal neovascularization, is caused by the abnormal
growth of new blood vessels in the retinal tissue, a condition
characterized by subsequent seepage and bleeding of the
vessels. It is associated with a partially reversible rapid vision
loss. Atrophic AMD, which causes a more gradual loss of vision
and for which treatment options are limited, is another subtype
of AMD. In addition, current treatments for atrophic AMD do
not prevent vision loss, they delay disease progression. After
the less serious neovascular and atrophic AMD, the early and
intermediate stages of AMD could occur and cause more
serious impairments. In early AMD, the larger the area of drusen,
the higher the risk of turning late-stage disease. While early
AMD is defined by the presence of soft or in distinct drusen
(14), late-stage AMD consists of a dry form characterized by
central geographic atrophy and a wet form characterized by
the presence of neovascular AMD (15). Approximately 10%
of patients with early AMD progress to the late AMD stage,
which causes severe visual impairment (16). At the same time,
it is known that AMD can switch from the dry (non-exudative)
form to the wet (exudative) form, as well as the opposite (15).
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The visual result of the last period of wet ADM causes
permanent loss of central vision. According to the AREDS study,
the categories of AMD are classified into four 4 categories: 1) If
the number of drusen is less than 5 or less, the individual does
not have AMD, 2) If there is a large number of small drusen or
at least 1 medium-sized drusen, mild AMD in the individual, 3)
Moderate AMD if the individual is classified with medium-sized
drusen intensive, more than one large drusen or decent ralized
geographic atrophy (GA), 4) If there is central GA or choroidal
neovascularization (CNV) causing vision loss in one of the
eyes, the individual has developed AMD (2). This loss of vision
in patients with AMD means that it will prevent daily routine
activities such as reading and writing, using computers,
watching TV, or driving a car, and this disability can cause an
increase in personal costs and a serious increase in the burden
on health care resources (17).

Age-related macular degeneration, its multifactorial nature,
the complexity of the visual system, and the uncertainty of
the aging process make the disease a complex pathology (18).
Although there is no single cause of AMD, there are many rea-
sons such as age, genetic predisposition, ethnic origin, family
history, oxidative stresses and environmental factors (6). The
effort to identify risk factors for AMD is extremely important
to prevent the development or progression of the disease (14).

1.3. AMD Risk Factors
1.3.1. Genetic Predisposition & Ethnicity

Knowledge about the photo-mechanisms of AMD is increas-
ing since genetic risk factors were first identified 10 years
ago (15). About 20 genes have been identified and the most
important ones are component 2 (C2), complement factor B
(CFB), component 3 (C3) genes, complement factor H related
genes (CFHR4, CFHR5),CHF, ARMS2, FB, and F13B.The CHF and
Y402H polymorphism, has been strongly proven to be asso-
ciated with AMD, is thought to play an almost 60% role at the
population level due to the increased risk varying between
two and four times for heterozygous carriers and three to sev-
en times for homozygotes (15, 18). The genetic predisposition
of the individual may also affect the response to treatment (2).
In addition, genetic testing has been reported to be particular-
ly important in individuals with a family history of AMD (18).

Ethnicity greatly influences an individual’s risk of developing
AMD; alltypes of AMD are found most frequently in Caucasians
(39%) and blacks (30%). The prevalence of AMD is the lowest in
Asians (7%) (18).

1.3.2. Age and Gender

The most important unchangeable risk factor for the in-
crease in the incidence and prevalence of AMD is aging. Age
significantly increases the risk of AMD by affecting drusen
due to dyslipidemia, atherosclerosis, and contributing to
theatrophy of photoreceptors (18). While the risk of acquir-
ing AMD is rare in individuals younger than 50 years of age,
this risk increases more than three fold in individuals over
the age of 75. According to a study, the prevalence of late
AMD is 1.4% in individuals aged 70, 10% in individuals old-
er than 80, and increases up to 20% in individuals aged 90
(18). In addition, individuals with a genetic predisposition to
late AMD may be exposed to disease at a younger age (19).
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Researchers have suggested that women have a higher risk
of AMD compared to men, thus, the effect of gender may
also be a risk factor (2). While considering the higher prev-
alence of AMD among women, their longer life expectancy
should also be taken into account (4, 20, 21).

1.3.3. Oxidative Stress

The retina becomes susceptible to oxidative stress and dam-
age, especially due to exposure to intense light and high ox-
ygen concentration. Increasing oxidative damage and other
retinal modifiers during aging are known to be characteris-
tic features of early AMD, which can progress to advanced
AMD-related pathology and visual impairment (4).

1.3.4. Other Risk Factors

In addition to all these known risks, multiple risk factors
are thought to cause the development of AMD. These risks
should be considered modifiable risks. Obesity (BMI >30 kg/
m2) (especially abdominal obesity in men) or being over-
weight (BMI >25 kg/m?2) are associated with body mass in-
dex (BMI) and anthropometric measurements such as waist
circumference are among these modifiable risk factors (18).
In AREDS, individuals with a higher BMI were found to be at
greater risk of geographic atrophy, a type of AMD (5). How-
ever, more studies on this subject need to be designed (14).
In addition to anthropometric measurements, physicalactiv-
ity (PA) was considered another potentially modifiable risk
factor, as both early and late AMD types were lower in indi-
viduals with above-average PA (19).

Some studies have shown that certain diseases may be a risk
for AMD (1,5). Atherosclerotic vascular diseases is thought
to contribute to the development of AMD since it is similar
to drusen accumulation and affects the pathophysiology of
RPE(14). In addition, in a study found that C-reactive protein
was associated with AMD (5). High pulse pressure is thought
to be another factor associated with an increased risk of
AMD, although conclusive evidence is not yet available. Dia-
betes, hyperlipidemia, previous cataract surgery, and hyper-
opia are other risk factors thought to play a role in AMD risk
(18).

A non-negligible, potentially modifiable risk factor for AMD
is smoking. Smoking is known to be the only causative fac-
tor of AMD, as it increases oxidative stress, is associated with
higher fibrinogen levels and decreased antioxidant levels.
According to the report of AREDS, it has been officially prov-
en that individuals who smoke are more likely to progress
to advanced AMD (7). In another study, individuals who cur-
rently smoke found to have an increased risk of AMD by 1.9
fold, while individuals who used to drink but currently do
not have an 1.7 fold increased risk (7).

1.4.The Relationship Between Diet and AMD

While some new drug treatments have proven effec-
tive in controlling neovascular AMD in recent years, the
current cost of these drugs is quite high as patients re-
quire multiple injections. This is why overcoming AMD
with prevention is considered to be more economical
and more reliable (7). Antioxidative measures, known to
both patients and physicians, are of great interest as they
are beneficial in delaying the progression of AMD (22).

It is known that diet and/or dietary supplements will pre-
vent AMD by reducing oxidative stress with its antioxida-
tive effect (11). There are two of the most important studies
looking at the role of nutrients in AMD (6, 23). The first is
AREDS, a multi center randomized trial that showed that
treatment with vitamin and mineral supplementation re-
duced progression to advanced AMD (6). AREDS2, another
multi center and randomized study following this study,
showed that lutein and zeaxanthin supplements rather
than omega-3 fatty acids further reduced the risk of pro-
gression to AMD (23, 24).

The main ingredients of the AREDS formula, which remains
the only A-rated recommendation for AMD, are vitamin C,
vitamin A (the beta-carotene form), vitamin E, and zinc. The
idea that these vitamins and minerals play a role in the pre-
vention of AMD comes from their antioxidant properties,
resulting in a protective effect on retinal cells by resisting
oxidative stress. The result of the study showed that daily
intake of thea mount of antioxidant and zinc included in
the formula reduced the risk of progression to advanced
AMD by 25% (10). It is also of great importance that the
amounts of these supplements are much higher than the
Dietary Reference Intake (DRI), known as the nutritional
recommendation system. For example, the amount of vita-
min C for a healthy adult should only be 90 milligrams ac-
cording to the DRI, while in the AREDS formula this amount
is 500 milligrams (7). At the same time, taking supplements
regularly for a long time comes with some potential risks.
Excessive amounts of vitamin C causing kidney stone for-
mation, decreased thyroid function due to vitamin E, stom-
ach pain due to zinc, and increased lung cancer due to
beta-carotene, especially in smokers, are examples of po-
tential risks in AREDS formula (7). Since the risk of beta-car-
otene-induced lung cancer is 4-5 timeshigher in smokers
than in non-smokers, AREDS formula is not considered suit-
able for AMD patients who are smokers (21). In addition, it
is an inevitable fact that AMD can develop in patients who
apply the AREDS formula (7).

Age-Related Eye Disease Study 2 was designed to maket
he AREDS formula more effective. AREDS2 is a study de-
signed to evaluate whether adding lutein/zeaxanthin and
omega-3 fatty acids (EPA and DHA) to the original AREDS
formula would be effective on the risk of developing AMD
(25). However, as a result of the study, the addition of lu-
tein+zeaxanthin, EPA, and DHA to the AREDS formula did
not reduce the risk of patients developing advanced AMD.
Also, in AREDS2, lutein, and zeaxanthin were not associated
with this increase, unlike beta-carotene in the AREDS for-
mula, which was associated with lung cancer in smokers.
Although the high intake of DHA found in oilyfish was as-
sociated with a decrease in the risk of neovascular AMD, it
was observed that the addition of DHA and EPA to the orig-
inal AREDS formulation did not alter the risk of develop-
ing AMD (9). Some researchers have criticized the fact that
they could not detect the effect of omega-3 supplemen-
tation due to factors such as patient selection, insufficient
treatment time, insufficient dose (11). Another possible
explanation for these inconsistent results is the complex
interaction between nutritional components and other
environmental factors (9). Despite all this, researchers think
that, given the available evidence, it makes sense for AMD
patients to consume dietary fatty fish or fish oil supplements

(11).
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In both studies (AREDS and AREDS2), it was concluded that
consumption of red meat may be a risk factor for AMD, de-
pending on the dose, while fruit consumption may be a
protective factor because it contains components such as
vitamin C, vitamin E, beta-carotene and zinc. Again, both
studies emphasized the importance of modifiable risk fac-
tors for late AMD and proved a good distinction between
the absence of AMD and advanced AMD, with a diet tai-
lored to age, gender, body mass index, alcohol, and ciga-
rette intake (2, 9).

1.4.1. Dietary Micronutrients

Carotenoids (lutein+zeaxanthin, beta-carotene), vitamins
(vitamin A, E, C, D, B) with antioxidant effect; dietary fatty
acids (omega-3, omega-6, PUFA, etc.), and minerals such as
zinc are the dietary components that are thought to affect
on AMD (2). In a study, it was investigated whether a diet
rich in vitamins and minerals had an effect on AMD, and
it was found that an above-average intake of vitamin C,
vitamin E, beta-carotene, and zinc reduced the risk of AMD
by 35% (12). The literature shows that the combination of
other nutritional components with antioxidant effects and
antioxidants further increases the effect on AMD (13).

The increase in the intake of lutein and zeaxanthin, which
are the most studied carotenoids for AMD, reduces the risk
of developing AMD by protecting the retinal tissue from
photo-oxidative damage (13). However, as the human
body cannot synthesize lutein, the only source of lutein
is foods (vegetables such as kale, spinach) and/or sup-
plements (12). As a result of the AREDS study, it has been
shown that a higher intake of lutein + zeaxanthin from
foods reduces the risk of developing early or neovascular
AMD within 5-10 years (21).

Beta-carotene, which is the most common serum carot-
enoid, is called provitamin A because it is broken down by
some enzymes after absorption and contributes to vitamin
A activity in humans (13). It has been suggested that be-
ta-carotene, which is found in green leafy vegetables and
fruits, can be included in multivitamin supplements due to
its antioxidant effect and may reduce the risk of AMD (26).
However, according to the epidemiological findings, it was
seen that beta-carotene supplements did not provide any
protection against oxidative stress-related AMD or even
cancer(26). However, its use is not recommended for the
prevention of AMD because of its potential side effects,
such as lung cancer, especially in smokers (13).

Although low intake of vitamin C, which is found in the
entire retina and was thought to reduce the risk of AMD,
was associated with a higher risk of AMD, adequate con-
sumption did not significantly affect the risk of AMD
(26). In addition, vitamin E, which is the most effective
scavenger of freeradicals, is known as a vitamin whose
deficiency increases with age. Because its deficiency
causes photoreceptor loss and retinal damage, research-
ers speculated that consumption of vitamin E would
have a positive effect on the progression of AMD (26). In
addition to conflicting results in studies, it has been ob-
served that vitamin E consumption has no adverse or
protective effect on the prevention of AMD (13). Since
vitamin D has anti-inflammatory properties, it has been
investigated whether it has a specific effect on AMD.

Erik and Seylam Kusumler, Age-related macular degeneration and nutrition

One study found that high doses of dietary vitamin D were
associated with smallerdrusensize andless severe AMD (13).
B group vitamins that play an important role in cell metabo-
lism and change homocysteine levels when taken with diet are
folic acid, vitamin B6, and vitamin B9. High plasma homocyste-
ine has been seen in people with exudative AMD, also called
dry AMD (13).In a study, homocysteine, vitamin B12, and folate
levels were compared and a relationship was found between
serum homocysteine and AMD (21). A similar relationship is
seen when vitamin B12 intake is low, but this is not the case for
folate levels. In another study conducted later, it was seen that
folicacid and B12 deficiencies, followed for 10 years, increas-
ing the risk of developing AMD, and this was supported (13).

Zinc is an essential trace element with an important role in
retinal pathophysiology and is also these cond most abun-
dant metal in the retina afteriron (26). According to the Food
and Drug Administration in the United States, the daily zinc
intake is 11 milligrams for men; 8 milligrams for women (11).
However, although sea food such as clams contains more zinc
perserving than other nutrients, it is known that there com-
mended amount of zinc is difficult to obtain from diet alone
(22). While zinc concentration in the human retina decreases
with age, zinc concentrations influence the progression of
AMD (26). Taking 80 mg of zincoxide alone or in combination
with antioxidants was seen in the AREDS study, which reduced
the risk of progression to advanced AMD in individuals with
moderate AMD (11). Although the results of some studies have
found mixed results regarding the effect of zinc on AMD, the
value of zinc supplementation has generally been supported
(13).

Another nutritional component associated with the reduc-
tion of AMD is polyunsaturatet fattyacids (6). In a cohort study
conducted in Australia, which included a large population, it
was observed that consuming one portion of fish per week
or consuming 2 servings of nuts per week, due to its EPA and
DHA content, reducedthe risk of AMD after 10 years in patients
(23). In a study, although an inverse relationship was found
between EPA and DHA intake and AMD, it was observed that
the risk of advanced AMD (geographicatrophy and neovas-
cularatrophy) increased in patients with high dietary total fat
intake (4). Foods such as pork, beef, and especially those con-
taining a-linolenic acid are the foods most associated with an
increased risk of AMD. In the AREDS study, although EPA and
DHA added to the AREDS formulation did not have a protec-
tive effect on AMD, the opposite was seen in a subsequent
study on the AREDS population (27).

2. Conclusion and Recommendations

In conclusion, a healthy dietary pattern was found to be
effective in preventing or delaying the progression of
AMD. While no specific dietary supplement is available as
primary prevention for AMD in healthy individuals and in-
dividuals at moderate to severe risk of AMD, the most re-
liable evidence exist for the supplements included in the
AREDS formulation. Although more studies are needed
for daily servings of clinically recommended supplements,
many observational studies show that increased dietary
or supplemental intake of nutritional components such as
carotenoids, B vitamins, zinc, omega-3 fattyacids is benefi-
cial. As seen in recent studies, it has been proven that the
consumption of vegetables and fruits reduce sthe risk of
developing AMD as they contain vitamins and minerals.
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Recommended dietary supplements should be part of a
healthy and varied diet. For example, for a daily intake of 10
mg of lutein, the US Department of Agriculture states that
the patient should eat half a cup of cooked kale or 1 cup of
cooked spinach every day. Despite all this, it is an inevitable
fact that the possibility of AMD risk should not be forgotten
even in individuals who apply AREDS formulation and the
patient should be warned about potentially modifiable risk
factors (smoking, etc.) that may cause AMD.

3. Contribution to the Field

In this review, the nutrition was considered a modifiable
risk factor for AMD, which is one of the biggest causes of
blindness, and that nutrition or nutritional supplementa-
tion could have a positive effect. it will offer new ideas to
researchers in ophthalmology studies.
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