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ABSTRACT.

The aim of this paper is to summarize all available evidence from systematic reviews, randomized controlled trials (RCTs)
and comparative nonrandomized studies (NRS) on the association between nutrition and antioxidant, vitamin, and mineral
supplements and the development or progression of age-related macular degeneration (AMD). The Cochrane Database of
Systematic Reviews, Cochrane register CENTRAL, MEDLINE and Embase were searched and studies published between
January 2015 and May 2021 were included. The certainty of evidence was assessed according to the GRADE methodology.
The main outcome measures were development of AMD, progression of AMD, and side effects. We included 7 systematic
reviews, 7 RCTs, and 13 NRS. A high consumption of specific nutrients, i.e. f-carotene, lutein and zeaxanthin, copper,
folate, magnesium, vitamin A, niacin, vitamin B6, vitamin C, docosahexaenoic acid, and eicosapentaenoic acid, was
associated with a lower risk of progression of early to late AMD (high certainty of evidence). Use of antioxidant
supplements and adherence to a Mediterranean diet, characterized by a high consumption of vegetables, whole grains, and
nuts and a low consumption of red meat, were associated with a decreased risk of progression of early to late AMD
(moderate certainty of evidence). A high consumption of alcohol was associated with a higher risk of developing AMD
(moderate certainty of evidence). Supplementary vitamin C, vitamin E, or f-carotene were not associated with the
development of AMD, and supplementary omega-3 fatty acids were not associated with progression to late AMD (high
certainty of evidence). Research in the last 35 years included in our overview supports that a high intake of specific
nutrients, the use of antioxidant supplements and adherence to a Mediterranean diet decrease the risk of progression of
early to late AMD.
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factors are genetic predisposition, race,

Introduction

Age-related macular  degeneration
(AMD) is the most common cause of
blindness and visual impairment in
industrialized countries (Wong

et al. 2014). As suggested by its name,
its prevalence increases strongly after
the age of 65 years. The pathogenesis
of AMD is multifactorial with many
different pathways implicated in its
pathophysiology. Other important risk

smoking, and nutrition. The disease
affects the macula, which is crucial for
central vision. In the early stages of the
disease, drusen — deposits underneath
the retinal pigment epithelium (RPE) —
and areas of hypopigmentation and
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hyperpigmentation can be observed. In
the later stages of the disease, areas of
the RPE become atrophic, and in
exudative AMD, abnormal new blood
vessels develop from under the RPE
and into the subretinal space. This
causes damage that is largely irre-
versible.

Current pharmacological treatment
strategies are limited to slowing down
the progression of exudative AMD. As
AMD still is an incurable eye disease,
strategies for primary and secondary
prevention are of paramount impor-
tance. For example, smoking cessation
can have a significant impact on the
patients’ prognosis and treatment
response, even at an older age (Vittorio
et al. 2020). In addition, nonpharma-
cological interventions by way of nutri-
tion and supplements have been
investigated. A vast number of studies
have investigated the association
between dietary components, food
groups, antioxidants, and vitamin or
mineral supplementation and the devel-
opment or the progression of AMD.

The aim of this systematic review is
to provide a complete overview of the
current literature on this clinically rel-
evant topic.

Methods

Information sources, search strategy, and
study selection

We conducted a systematic search to
identify eligible systematic reviews in
the electronic databases Epistemonikos
(which contains MEDLINE and
Embase) and The Cochrane Database
of Systematic Reviews. Systematic
reviews published from the 1 January
2015 to 3 May 2021 were eligible.
Original studies published in the same
period of time were identified by a
systematic search in the -electronic
databases MEDLINE, Embase, and
Cochrane register CENTRAL.

The full search strategies are pre-
sented in Tables S1 and S2 of the
Appendix. The titles and abstracts of
all articles were screened by two inde-
pendent reviewers to identify poten-
tially relevant publications. Relevant
reports were examined full text by two

[Correction added on 16 June 2022, after first online
publication: Tables Al to A6 and Figures Al to A2
were renamed as Tables S1 to S6 and Figures S1 to
S2 in this current version.]

independent assessors for eligibility for
qualitative and quantitative review.
Discrepancies were resolved by involv-
ing a third investigator.

Eligibility criteria

Eligible reviews or studies for this
systematic review included the general
population and patients with early or
late AMD; outcomes of interest were
the development of AMD (from no
AMD to early or late AMD) and
progression of AMD (from early to
late AMD), respectively. No AMD was
defined as no signs of AMD or small
(‘hard’) drusen (less than 63 microme-
tres), early AMD as medium or larger
drusen (more than 63 micrometres)
and/or pigmentary abnormalities, and
late AMD as choroidal neovascular-
ization and/or geographic atrophy. In
addition, reviews or studies that only
evaluated the side effects of nutritional
interventions were also included. The
intervention was standard care in com-
bination with a high intake of specific
nutrition and/or use of supplements,
compared with standard care without
or with a low intake of specific nutri-
tion and/or supplements. Any defini-
tion of high or low intake as provided
by publications was taken into
account. Reviews or studies only
reporting on secondary outcome mea-
sures, such as macular pigment density
or visual acuity, were not included.

Eligible study designs were system-
atic reviews, randomized controlled
trials (RCTs), or comparative nonran-
domized studies (NRS) written in
English, Dutch, German, Spanish, Ital-
ian, and Japanese.

Data extraction and outcome assessment

Data on patient characteristics, inter-
ventions, and outcomes were extracted
from the included reviews or studies.
Results were grouped per dietary pat-
tern, nutrient, vitamin, and supple-
ment. The quality of the retrieved
reviews was assessed using AMSTAR-
2 (Shea et al. 2017), Cochrane Risk of
Bias tool was used for RCTs (Higgins
et al. 2022), and ROBINS-I (Sterne
et al. 2016) for NRS.

Results were expressed as hazard
ratio (HR), odds ratio (OR), or risk
ratio (RR) with corresponding 95%
confidence interval (CI), if provided.
We planned to meta-analyse results

from RCTs evaluating supplements
(or update existing meta-analyses from
identified systematic reviews) when
patients, interventions, and outcomes
were comparable. We used a fixed-
effect model for the meta-analyses. In
case of statistical heterogeneity (judge-
ment based on Chi-square test and /°),
we used a random-effects model. As we
expected much heterogeneity regarding
observational studies on nutrition, we
did not perform a meta-analysis of
these results.

The ‘Grading of Recommendations,
Assessment, Development, and Evalu-
ations’ (GRADE) methodology was
used to assess the certainty of evidence
for the outcomes development and
progression of AMD  (Guyatt
et al. 2011). We adopted the GRADE
assessment from the included system-
atic reviews, if reported. If not or in
case of other study designs, two inde-
pendent investigators graded the cer-
tainty of the evidence. For these
GRADE assessments, in case of more
than one outcome per determinant, we
focused on the overarching outcome,
i.e. on total AMD rather than early
AMD or late AMD (outcome develop-
ment of AMD) and on late AMD
rather than neovascular AMD or geo-
graphic atrophy.

Results

Search results

Systematic reviews

Table SI and Fig. S1  of the
Appendix present the search and the
selection process for identifying sys-
tematic reviews. The electronic data-
bases search yielded 408 references.
After excluding duplicates, 379 were
screened by title and abstract. Three
hundred fifty-one references that were
not relevant to the scope of this review
were removed. Of the remaining 28
full-text articles, seven articles were
included based on the date of search,
the research question, and inclusion
criteria (Chapman et al. 2019; Dinu
et al. 2019; Evans & Lawrenson 2017a,
b; Lawrenson & Evans 2015; Waugh
et al. 2018; Zhong et al. 2021).

Original studies

Table S2 and Fig. S2 of the
Appendix present the search and the
selection process for the original stud-
ies. The electronic database search




resulted in 3216 references. After
excluding duplicates, 2496 were
screened by title and abstract of which
2330 references were excluded. Of the
remaining 166 references, after reading
the full-text article, a total of 20 rele-
vant studies were included (Akuffo
et al. 2017; Lin et al. 2017; Merle
et al. 2017, 2019; Broadhead
et al. 2018; Joachim et al. 2018; Gopi-
nath et al. 2018a,b, 2020; de Koning-
Backus et al. 2019; Dighe et al. 2019;
Tisdale et al. 2019; Jones et al. 2020;
Keenan et al. 2020; Machida
et al. 2020; Piatti et al. 2020; Christen
et al. 2020a,b; Agrén et al. 2021;
Garcia-Layana et al. 2021).

Study characteristics

Systematic reviews

Characteristics of the included system-
atic reviews can be found in Table 1.
Three systematic reviews studied nutri-
tion (Chapman et al.2019; Dinu
et al. 2019; Zhong et al. 2021), two
systematic reviews by the same authors
included studies on the use of supple-
ments (Evans & Lawrenson 2017a,b),
and two systematic reviews included
studies on both supplements and nutri-
tion (Lawrenson & Evans 2015;
Waugh et al. 2018). The studies
included in the systematic reviews were
published between 1984 and 2017 and
were mostly conducted in Europe,
Australia, and the USA.

Original studies

Characteristics of the included original
studies can be found in Table 2. The 20
original studies consisted of 7 RCTs on
supplements and 13 NRS investigating
nutrition. The studies were published
between 2017 and 2021. Exposure dif-
fered highly between the included stud-
ies, with different dosages and different
dietary patterns, food components, and
supplements. With regard to study
population and outcomes, some studies
did not clarify the classification used to
distinguish between no AMD, early
AMD, and late AMD.

Risk of bias assessment

Table 3 shows the results of the critical
appraisal of the seven included system-
atic reviews by the AMSTAR-2 tool.
Table 4 shows a summary of the risk of
bias assessment of the 13 included NRS
by the ROBINS-1 tool. Four studies

scored an overall serious risk of bias,
seven studies a moderate risk, one
study a low risk, and in one study
there was a lack of information to
perform the risk of bias assessment. In
Table 5, a summary of the risk of bias
of the seven included randomized con-
trolled trials can be found. The major-
ity of the studies scored a low risk of
bias on most domains. Two studies
scored on the majority of the domains
an unclear risk of bias (Piatti
et al. 2020; Christen et al. 2020a). The
complete risk of bias assessments,
including support for the judgements
provided, are available on request.

The association of nutrition with the
development and progression of AMD

A summary of the results can be found
in Table 6. Results with a high or
moderate certainty of evidence will be
discussed here. All results including the
OR, HR, or RR and corresponding
95% CI and the graded certainty of
evidence can be found in Tables S3 and
S4 of the Appendix.

Nutrition associated with a decreased risk
of development and progression of AMD
A high dietary intake of P-carotene,
lutein and zeaxanthin, copper, folate,
magnesium, vitamin A, niacin, vitamin
B6, vitamin C, docosahexaenoic acid
(DHA) and/or eicosapentaenoic acid
(EPA), or alcohol was associated with
a lower risk of progression of AMD
(high certainty of evidence) (Agrén
et al. 2021). A high dietary intake of
DHA and/or EPA was also associated
with a lower risk of development of
early AMD (Zhong et al. 2021).

A Mediterranean diet is character-
ized by a high intake of vegetables,
fruit, legumes, grains, and nuts; a
moderate consumption of fish, poultry,
dairy, and red wine; use of olive oil
instead of butter; and a limited con-
sumption of red meat. Adherence to
this diet was associated with a lower
risk of developing AMD (moderate
certainty  of  evidence) (Merle
et al. 2019). This association was also
found for the progression to late AMD
(moderate certainty of evidence)
(Chapman et al. 2019).

A high intake of the combination of
grains, fish, steamed/boiled chicken,
vegetables, and nuts was associated
with a lower risk of the development
of AMD (moderate certainty of

evidence) (Chapman et al. 2019). Addi-
tionally, pB-cryptoxanthin or fish as
solitary food product was associated
with a lower risk of developing AMD
(moderate certainty of evidence)
(Waugh et al. 2018; Dinu et al. 2019).
A high intake of calcium or lycopene
was associated with a lower risk of
progression of AMD (moderate cer-
tainty of evidence) (Merle et al. 2017;
Tisdale et al. 2019; Agrén et al. 2021).

Nutrition associated with an increased risk
of development and progression of AMD
A high dietary intake of linoleic
acid, monounsaturated fat, oleic
acid, or saturated fat was associated
with a higher risk of progression of
AMD (high certainty of evidence)
(Agrém et al. 2021). A high intake of
alcohol was associated with a higher
risk of development of AMD (mod-
erate certainty of evidence) (Dinu
et al. 2019).

Nutrition not associated with the develop-
ment and progression of AMD

No association was found between a
high dietary intake of total fatty acids,
saturated fatty acids, monounsaturated
fatty acids, polyunsaturated fatty acids,
or o-linolenic acids and the develop-
ment of early or late AMD (moderate
certainty of evidence) (Zhong
et al. 2021). A high dietary intake of
DHA and/or EPA was not associated
with the development of late AMD
(Zhong et al. 2021). Additionally, no
association was found between a high
dietary intake of a-carotene, f-
cryptoxanthin, iron, lactose, thiamine,
retinol, riboflavin, vitamin B12, vita-
min E, zinc, arachidonic acid, choles-
terol, o-linolenic acid, or vegetables
and the progression of AMD (moder-
ate certainty of evidence; Keenan
et al. 2020; Agron et al. 2021).

The association of supplements with the
development and progression of AMD

Supplements associated with a decreased
risk of development and progression of
AMD

Daily use of a formula, containing a
high dose of vitamin C, vitamin E, f-
carotene, zinc as zinc oxide, and copper
as cupric oxide (also known as the
AREDS formula), was associated with
a decreased risk of progression of
AMD (moderate certainty of evidence)
(Evans & Lawrenson 2017D).
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Study type
All study
types
Prospective
cohort
studies

RCTs

Nutrition /
supplements
Both
Both
Nutrition

Prevention /
secondary
prevention
prevention

Secondary

Both
Both

Search
date
Feb-15
Jul-17
May-20

and confirmed by
medical record

and confirmed by
review

Method of detecting
the outcome

Fundus photographs

Fundus photographs
or self-reported
medical record
review

Fundus photographs
or self-reported

Outcome(s)
of AMD; quality of
life; adverse
outcomes
reverse of complaints
advanced AMD

AMD; progression
AMD, progression,

Developing incident
AMD or new visual
loss attributed to

Incidence of early or

Comparator
Placebo or no
intervention
comparator
Low intake of
dietary fatty
acids

Any
docosahexaenoic acid; EPA = eicosapentaenoic acid; RCT = randomized controlled trial.

Intervention
dietary intake. Focus

capsules or dietary
manipulation
on AREDS, lutein
and zeaxanthin
fatty acids and
antioxidants,
homocysteine, folic
acid and vitamins;
ginkgo biloba
extract; HESA-A;
saffron; curcumin;
zinc

Dietary fatty acid intake

either as fish oil
supplementation,

Omega 3 fatty acids,

Any supplement or

Population

General
population
with or
without
AMD

Patient with dry
age-related
macular
degeneration,
general
population

General
population
with or
without
AMD

Evans (2015)

AMD = age-related macular degeneration; DHA

Table 1 (Continued)
Lawrenson and
Waugh et al. (2018)
Zhong et al. (2021)

Reference

Supplements associated with an increased
risk of development and progression of
AMD

Use of multivitamins, containing zinc
(15 mg), vitamin E (45 TU), vitamin C
(60 mg), p-carotene (5000 TU), vitamin
A, folic acid (2.5 mg), vitamin B6
(50 mg), and vitamin B12 (1 mg), was
associated with an increased risk of
development of AMD (moderate cer-
tainty of evidence) (Evans & Lawren-
son 2017a).

Supplements not associated with develop-
ment and progression of AMD

No association was found between
supplementary p-carotene and vitamin
C and the development of AMD
(Evans & Lawrenson 2017a). We
updated a meta-analysis regarding sup-
plementary vitamin E and the develop-
ment of AMD, which can be found in
Tables S5 and S6 of the
Appendix (Evans & Lawrenson 2017a;
Christen et al. 2020a). No association
was found between vitamin E and the
development of AMD. Additionally,
no association was found between
supplementary omega-3 fatty acids
and the progression of AMD (high
certainty of evidence) (Lawrenson &
Evans 2015).

Adverse events of nutrition and
supplements

The included studies did not report any
adverse effects of nutrition. Supplemen-
tary B-carotene was associated with an
increased risk of lung cancer in smokers
(Evans & Lawrenson 2017a). One RCT
reported an increased risk of haemor-
rhagic strokes in persons using vitamin
E. However, two other RCTs did not
find any difference between the group
using vitamin E and the group using
placebo (Evans & Lawrenson 2017a).
Persons using multivitamin supplements
were more likely to have skin rashes
compared to persons using placebo
(Evans & Lawrenson 2017a).

In the studies comparing zinc and
placebo, gastrointestinal symptoms
were reported in both groups (Evans
& Lawrenson 2017b). One RCT
reported a higher prevalence of anae-
mia in the group using zinc versus the
placebo group. Other RCTs did not
find a difference (Evans & Lawren-
son 2017b).

The included systematic reviews and
RCTs related to supplements, i.e.
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(combinations of) carotenoids, omega-
3 fatty acids, vitamin C, ginkgo biloba,
and saffron, reported a low and equal
distribution of serious adverse events
between the groups (Lawrenson &
Evans 2015; Evans &  Lawren-
son 2017b; Broadhead et al. 2018;
Waugh et  al. 2018; Machida
et al. 2020).

Discussion

The present systematic review was
designed to provide a complete over-
view of the current literature on the
association between nutrition and sup-
plements and the development or pro-
gression of AMD. We included 7
systematic reviews, 7 RCTs, and 13
cohort studies published between 2015
and 2021.

The main findings were that a high
consumption of specific nutrients, i.e.
B-carotene, lutein and zeaxanthin, cop-
per, folate, magnesium, vitamin A,
niacin, vitamin B6, vitamin C, docosa-
hexaenoic acid, and eicosapentaenoic
acid, was associated with a lower risk
of progression of early to late AMD
(Agrém et al. 2021). Moreover, use of
antioxidant supplements and adher-
ence to a Mediterranean diet, charac-
terized by a high consumption of
vegetables, whole grains, and nuts,
and a low consumption of red meat
were associated with a decreased risk of
progression of early to late AMD
(Evans & Lawrenson 2017b; Merle
et al. 2019). A high consumption of
alcohol was associated with a higher
risk of developing AMD (Dinu
et al. 2019). Supplementary vitamin
C, vitamin E, or p-carotene was not
associated with the development of
AMD, and supplementary omega-3
fatty acids were not associated with
progression to late AMD (Lawrenson
& Evans 2015; Evans & Lawren-
son 2017a; Christen et al. 2020a).

Strengths and limitations

To the best of our knowledge, this is
the first systematic review that
addressed the association between
nutrition and supplements with both
the development and the progression of
AMD. The consequence of this com-
prehensive design is a vast and rather
complex amount of data. From this
data, we have tried to distil the most
reliable results. For this purpose, the

GRADE system was used to assess and
categorize the certainty of the evidence.

Observational studies on nutrition
have different methodological limita-
tions. First, questionnaires on dietary
intake are associated with measure-
ment error, for example, due to the
tendency of participants to underreport
their energy intake (Maki et al. 2014).
Also, one-time assessment may not
represent the complex, time-dependent
exposure to diet. Secondly, the strong
correlation between food products and
nutritional/food components makes it
difficult to untangle the data and to
interpret the results. Thirdly, the sub-
stitution effect may play a role, which
means that the observed association
could be due to the displacement of
other nutrients. Finally, there is a
healthy or unhealthy consumer bias;
the intake of a category of food may be
associated with other nondietary vari-
ables, which is difficult to adjust for in
statistical modelling. In addition, recall
bias and selection bias may play a role.

Reflection on the results

With the highest certainty of evidence,
we found that specific carotenoids,
vitamins, and amino acids were associ-
ated with a decreased risk of progres-
sion of AMD. We also found that a
Mediterranean diet was associated with
less progression of AMD. One could
speculate that these carotenoids, vita-
mins, and amino acids are in a higher
quantity present in the Mediterranean
diet. Immunological factors, such as
complement and oxidative stress, are
important in the pathogenesis of AMD
(Guillonneau et al. 2017). Therefore, it
is plausible that antioxidants which
decrease the risk of AMD modulate
the immune and inflammatory
responses. The finding that a high
consumption of alcohol is associated
with a higher risk of development of
AMD is probably due to the pro-
oxidant effect of alcohol and its ability
to modify mechanisms that protect
against oxidative stress (Wu & Ceder-
baum 2003; Jarrett & Boulton 2012).
The detrimental effect of alcohol can
also be found in many other disease
categories, for example cancer and
cardiovascular diseases (Rehm
et al. 2009). In contrast to this, a high
intake of alcohol was associated with a
lower risk of progression of AMD
(Agrén et al. 2021). This unexpected

o

—_
W
5
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Table 4. Risk of bias assessment of the included observational studies (ROBINS-I tool) (n = 13).

Acta OPHTHALMOLOGICA 2022 —

Bias in Bias in
selection of Bias in Bias due to selection
participants classification ~ deviations from Bias in of the
Bias due to into the of intended Bias due to  measurement reported Overall
Reference confounding study interventions  interventions missing data  of outcomes  result risk of bias
Studies which studied the association of nutrition with the development of AMD
de Koning-Backus Low Low Low Moderate Serious Low Low Serious
et al. (2019)
Dighe et al. (2019) Low Low Low Moderate Serious Low Low Serious
Gopinath et al. (2018a) Low Low Low Moderate Moderate Low Low Moderate
Gopinath et al. (2018b) Low Low Low Moderate Serious Low Serious  Serious
Gopinath et al. (2020) Low Low Low Moderate Serious Low Low Serious
Jones et al. (2020) Low Low Low Moderate Moderate Low Low Moderate
Lin et al. (2017) Low Low Low Moderate Moderate Low Low Moderate
Merle et al. (2019) Low Moderate Low Moderate Moderate Low Low Moderate
Studies which studied the association of nutrition with the progression of AMD
Agroén et al. (2021) Low Low Low Low Low Low Low Low
Joachim et al. (2018) Moderate Moderate Low Low No information Low Low Moderate
Keenan et al. (2020) Low Low Low No information Moderate Low Low Moderate
Merle et al. (2017) Low Low Low No information No information Low Low No information
Tisdale et al. (2019) Low Low Low Moderate Low Low Low Moderate
Table 5. Risk of bias assessment of the included RCTs (Cochrane Risk of Bias tool) (n = 7).
Blinding of Incomplete
Blinding of  outcome Incomplete outcome
Blinding of outcome assessment outcome data -
Random participants  assessment - Outcome: data - Outcome:
sequence Allocation and — Outcome: Adverse Outcome: Adverse Selective
Reference generation concealment  personnel AMD events AMD events reporting  Other
Akuffo et al. (2017) Low Low Low Low Low Low Low Low Low
Broadhead et al. (2018) Low Low Low Unclear Unclear Low Low Low Low
Christen et al. (2020a) Unclear Unclear Unclear Unclear NA Unclear NA Low Low
Christen et al. (2020b) Low Unclear Low Low NA Low NA Low Low
Garcia-Layana et al. (2021) Low Low Low NA Unclear NA Low Low Low
Machida et al. (2020) Low Low Low NA Unclear Na Low Unclear Low
Piatti et al. (2020) Unclear Unclear Low Low Unclear Unclear Unclear Unclear  Low

AMD = age-related macular degeneration; NA = not applicable; RCT = randomized controlled trial.

finding could be due to study design or
confounding factors, such as age
(Grant et al. 2021). Higher age is
strongly associated with AMD pro-
gression, while high alcohol consump-
tion may be more prevalent in younger
age groups. Important to realize is that
this finding was based on observational
and not interventional studies. Another
striking finding, based on one random-
ized controlled trial, is the higher risk
of developing AMD when using mul-
tivitamins  (Evans &  Lawren-
son 2017a). The RCT that found this
result was not designed to study AMD
as a primary outcome, with medical
record review only. This may have
affected the reliability of this particular
outcome.

The association between dietary and
supplementary omega-3 fatty acids and

their potential health benefits have been
studied extensively. A high intake of
two components of omega-3 fatty acids,
EPA and DHA, was associated with a
lower risk of development and progres-
sion of AMD (Chapman et al. 2019). In
contrast to this, in two RCTs, including
AREDS 2, no association was found
between supplementary omega-3 fatty
acids and the progression of AMD
(Lawrenson & Evans 2015).

Special  attention  should  be
addressed to the AREDS and AREDS
2 studies. These RCTs have included
the largest number of participants to
study the effect of diet and supplements
on the risk of AMD. Regarding the use
of only the combination of lutein and
zeaxanthin, we concluded with a low
certainty of evidence that there is no
association between the use of these

carotenoids and the progression of
AMD. However, the authors of the
RCT of AREDS 2 suggest that lutein
in combination with zeaxanthin could
be an appropriate carotenoid substitu-
tion instead of f-carotene in the
AREDS formula, as B-carotene could
increase the incidence of lung cancer in
smokers (Chew et al. 2013).

Implications for clinicians and patients

Based on this systematic review, we
would recommend persons without
AMD a low consumption of alcohol.
For patients with early AMD who do
not smoke, we recommend taking the
AREDS 1 formula, containing vitamin
C (500 mg), vitamin E (400 IE), p-
carotene (15 mg), zinc as zinc oxide
(80 mg), and copper as cupric oxide
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(2 mg). In addition, the preventive
effect of lutein (10 mg/day) and zeax-
anthin (2 mg/day) as supplements is
plausible, making them a good alter-
native for p-carotene. Secondly, for
persons with early AMD, we would
recommend a Mediterranean diet,
characterized by a high intake of veg-
etables, fruit, legumes, grains, and nuts;
a moderate consumption of fish, poul-
try, dairy, and red wine; the use of olive
oil instead of butter; and a limited
consumption of red meat.

Future research

AMD is a multifactorial disorder with
multiple genetic and environmental
risk factors, of which diet is an impor-
tant modifiable component (Mitchell
et al. 2018). CFH is one of the main
genes implicated in AMD and is a key
regulator of complement. Different
studies have found that a Mediter-
ranean diet in persons with the CFH
protective alleles is associated with a
decreased risk of late AMD (Keenan
et al. 2020). It is plausible that adher-
ence to a Mediterranean diet modulates
immune and inflammatory responses.
Future research should therefore focus
on personalized therapeutic and pre-
ventive approaches, for example on the
association between nutrition and
immunological parameters.
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