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ABSTRACT

Introduction: A prospective study was carried
out in Belgium to determine the proportion of
subjects with a moderate to high risk of devel-
oping age-related macular degeneration (AMD),
identified using the STARS� (Simplified Théa
AMD Risk-Assessment Scale) questionnaire,
who were in need of nutritional supplementa-
tion, by assessing the vitamin D, zinc oxide and
fatty acid profile status.
Methods: This multicentre cross-sectional pilot
study involved 50 Belgian subjects with no or
early AMD, aged[ 55 years who were at mod-
erate to high risk for AMD. Subjects were

assessed using the STARS� questionnaire, visual
acuity assessment, an optical coherence
tomography scan of the macula and fundus
photography. Blood samples were collected,
and serum analyses were performed to deter-
mine the the omega-6:omega-3 (X6:X3) ratio
and the levels of eicosapentaenoic acid (EPA),
docosahexaenoic acid (DHA), zinc and cupric
oxides and vitamin D.
Results: Abnormal serum levels for at least one
of the micronutrients was detected in 94% of
the subjects. Lower than optimal vitamin D
levels were found in 76% of the participants,
and 68% of the subjects demonstrated at least
one abnormal fatty acid profile. The X6:X3 ratio
was above the reference range for normal values
in 54% of the subjects; DHA and EPA levels were
below the reference range in 60 and 46% of the
subjects, respectively; and zinc oxide concen-
tration was below the reference range in 50% of
the subjects. Only 12% of the subjects exhibited
cupric oxide deficiency.
Conclusion: In this study, the STARS� ques-
tionnaire was used for early identification of
patients at moderate to high risk of AMD in real
life. These patients presented a suboptimal
nutritional status. Further research is needed to
determine if specific diet modification or
micronutrient supplement intake delays the
onset or slows down the progression of AMD in
these subjects.
Trial Registration: Trial registration: Clini-
calTrials.Gov, identifier: NCT04482465.

Supplementary Information The online version of
this article (https://doi.org/10.1007/s40123-021-00335-
4) contains supplementary material, which is available
to authorized users.

J. Jacob (&) � A. Leys
Department of Ophthalmology, Universitair
Ziekenhuis Leuven (UZ Leuven), Leuven, Belgium
e-mail: Julie.jacob@uzleuven.be

E. Mangelschots
Oogartsenpraktijk Alken, Alken, Belgium

M. Michez
Cliniques Universitaires Saint Luc, Université
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Key Summary Points

This study evaluated the correlation
between risk factors for age-related
macular degeneration (AMD), identified
using the validated STARS� questionnaire,
with vitamin D status in a Belgium
population.

Early identification of persons at risk for
AMD is linked with better long-term
outcome, emphasizing the need for a
simple and fast tool to identify those at
risk of AMD.

The results of this study confirm the
robustness of the STARS� questionnaire
for early identification of AMD and also
confirm a low vitamin D status in persons
at risk of AMD.

DIGITAL FEATURES

This article is published with digital features,
including a summary slide to facilitate under-
standing of the article. To view digital features
for this article go to https://doi.org/10.6084/
m9.figshare.13615448.

INTRODUCTION

Age-related macular degeneration (AMD), a
degenerative disease of the macula that leads to
progressive visual impairment, is the leading
cause of permanent vision loss among adults
more than 60 years old in the Western World
[1]. The disease’s early stage is characterized by
drusen and pigmentary abnormalities, with
possible progression to a late stage that is fur-
ther categorized into two distinct subtypes:
geographic atrophy or choroidal neovascular-
ization, also known as dry or wet AMD,
respectively [2]. AMD severity can be classified

into four grades using the Age-Related Eye Dis-
ease Study (AREDS) simplified scale based on
examination findings of drusen, atrophy and
neovascularization: no AMD, early AMD, inter-
mediate AMD and advanced AMD [3].

Oxidative stress, inflammation and angio-
genesis in the retinal pigment epithelium (RPE)
and choriocapillaries are key processes in AMD
pathogenesis, progressively leading to photore-
ceptor loss [4]. The multifactorial pathogenesis
of AMD results from the interaction of envi-
ronmental, genetic, metabolic, diet and lifestyle
factors. Numerous epidemiological studies have
investigated associations of various risk factors
with the development and progression of AMD.
A meta-analysis of 24 studies demonstrated that
age, smoking and family history of AMD are the
risk factors that show the strongest and most
consistent associations with AMD, with mod-
erate associations reported for body mass index
(BMI), history of hypertension and history of
cardiovascular disease [5]. Other proposed risk
factors for AMD include gender, ethnicity, dia-
betes, hypercholesteraemia, iris colour [5], his-
tory of atherosclerosis [6], refractory errors
[7, 8], diet and nutrition [9, 10].

The multifactorial epidemiology of AMD is
still a subject of investigation. Identifying the
AMD risk of an individual in clinical practice is
difficult. Building on that difficulty, the Sim-
plified AMD Risk-Assessment Scale (STARS�)
[11] questionnaire was developed as a scoring
system to easily and rapidly screen people with
moderate-to-high risk for AMD in routine clin-
ical practice. The STARS� questionnaire com-
prises 13 items covering family history of AMD,
demographic, medical history and ocular risk
factors (Table 1; Electronic Supplementary
Material Fig. 1). It is self-administered and
enables ophthalmologists to assess the person-
alized risk for AMD, with the purpose of deliv-
ering appropriate early clinical management in
eye-care practice [11]. The STARS� question-
naire was validated in two large patient samples,
one sample of 12,639 patients in Italy and one
sample of 6837 patients in France. The score
showed good discrimination in both samples
(area under the receiver operating characteristic
[ROC] curve of 0.78 and 0.72 in the Italian and
French samples, respectively) [11].
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Establishing a risk prediction algorithm is
equally important to the early identification of
modifiable risk factors for AMD, allowing for
the appropriate interventions to modify the risk
for development or progression of the disease.
Some lifestyle modifications linked to associ-
ated risk factors include smoking cessation [12]
and diet modification to lower the BMI,
decrease the risk of cardiovascular disease and
increase micronutrient intake [9]. The protec-
tive effect of such modifications on AMD
development and progression has been clini-
cally demonstrated for several micronutrients
with anti-inflammatory and/or anti-oxidant

Table 1 Demographic characteristics of the participants
in the study

Subjects (n/
50)

Subjects
(%)

Sex

Male 21 42

Female 29 58

Age

Age 55–65 20 40

65–75 22 44

75–85 6 12

85 2 4

Ethnicity

Caucasian/Asian 49 98

Subsaharan African 0 0

North African/Middle

east

1 2

AMD family history

No 30 60

Yes 20 40

Smoking history

Never smoked 28 56

Current or former

smoker

22 44

Body Mass Index (BMI)

BMI\ 25 24 48

BMI 25–30 19 38

BMI[ 30 7 14

History of myocardial infarction (MI)

No 47 94

Yes 2 4

Missing data 1 2

History of hypertension (HT)

No 32 64

Yes 18 36

History of atherosclerosis (AthScl)

Table 1 continued

Subjects (n/
50)

Subjects
(%)

No 41 82

Yes 8 16

Missing data 1 2

History of hypercholesterolemia (Hyperchol)

No 23 46

Yes 27 54

Cataract surgery

No 34 68

Yes 16 32

Refractive errors

C 1 Myopia 19 38

C 1 Hypermetropia 18 36

No errors 13 26

Risk for AMD

Moderate (10–19) 49 98

High (C 20) 1 2

The 13 characteristics presented are the age-related mac-
ular degeneration (AMD) risk factors identified in the
Simplified Théa AMD Risk-Assessment Scale (STARS�)
questionnaire
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and/or anti-angiogenic properties in the AREDS
[3] and other studies [3, 10, 13–16]. These
include carotenoids (lutein and zeaxanthin, b-
carotene), vitamins A, C, E, D, minerals (zinc
oxide, cupric oxide) and dietary polyunsatu-
rated fatty acids (PUFAs).

Serum analysis for measuring the levels of
micronutrients that are proposed to contribute
to decreasing the risk for AMD is expensive and
not performed as part of routine practice in
ophthalmological clinics. We have conducted
this prospective study in Belgium to estimate
the proportion of subjects at moderate to high
risk of AMD based on the STARS� questionnaire.
The serums of those identified to be at risk for
AMD were then assessed for vitamin D, zinc
oxide, cupric oxide and fatty acid levels to
evaluate the prevalence of suboptimal nutri-
tional status. This investigation may provide
evidence indicating the need for patients pre-
dicted to be at risk of developing AMD, as
assessed by the STARS� questionnaire, to
increase or adjust relevant micronutrient
intake.

METHODS

Study Population

This pilot study is a multicentre cross-sectional
study of an exploratory nature, hence no power
calculation was performed; the aim was to
demonstrate trends. The study includes 50
subjects without a control group.

Fifty people were enrolled in the study. The
inclusion criteria were: age C 55 years with a
STARS� score C 10 (moderate-to-high risk for
AMD). Individuals were excluded from the
study if they had a STARS� score\10, were
already taking nutritional supplements con-
taining vitamin D or trace nutrients in the
4 months prior to enrolment or had grade-3 or
grade-4 AMD scores according to the AREDS
simplified scale. Patients were recruited in two
centres between April and June 2017, namely
the Alken Eye Clinic (25 patients) and the
Ophthalmology Department of the University
Hospitals Leuven (25 patients). Patients con-
sulting for routine eye care or individuals

accompanying patients were invited to partici-
pate in the study.

Study Design and Procedures

The study was conducted in accordance with
the principles of Good Clinical Practice (GCP)
and the Helsinki Declaration of 1964 and its
later amendments. The study protocol and all
relevant study documents were submitted for
review and approved by the Ethics Committee
Research UZ/KU Leuven (Ref. number: S59711).
Informed consent was obtained from the sub-
jects prior to their enrolment in the study and
before the start of any study related procedures.
All information collected was kept confidential
and anonymized and used exclusively for the
purposes of this study in compliance with the
applicable personal data protection and pro-
cessing laws.

The study was completed within a single
visit. Outcome data were collected during a one-
time subject interview comprising clinical eye
examinations (typically visual acuity), the
STARS� questionnaire, visual acuity assessment,
an optical coherence tomography scan of the
macula and fundus photography. Blood sam-
ples were collected using a Vacutainer system,
with one purple ethylenediaminetetraacetic
acid (EDTA) tube and two red tubes to assay for
the omega-3 fatty acids eicosapentaenoic acid
(EPA) and docosahexaenoic acid (DHA) and
omega-6 fatty acids for the calculation of the
omega-6:omega-3 (X6:X3) ratio, vitamin D
[25(OH)D], zinc oxide and cupric oxide. Sam-
ples were analysed by the RP Lab, Mont-Saint-
Guibert, Belgium (http://www.rplab.be). The
fatty acid profile was assessed using gas chro-
matography with the use of a flame ionization
detector after an esterification process. Vitamin
25(OH)D was determined by competitive
immunoassay testing, and zinc and cupric oxi-
des were determined using atomic absorption
spectroscopy.

Data Analysis

Data were tested for normality using the chi-
squared goodness-of-fit test. Data distribution
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was not normal for some of the assayed
micronutrients, thus all data were analysed to
identify trends using subject proportions (%)
and descriptive statistics for not normally dis-
tributed data (median and interquartile range
[IQR, 25–75%]). There are no missing data for
the micronutrients analysed.

Vitamin D Definition

The definition of optimal vitamin D levels is key
in shaping the recommendation for vitamin D
intake. However, the guidelines for optimal
vitamin D serum levels lack consistency
between different organizations. The Institute
of Medicine (IOM) [17] and Global Consensus
[18] recommendations set the limit for optimal
vitamin D levels at 20 lg/L. The Endocrine
Society recommendations set the minimal tar-
get value for optimal vitamin D levels at 30 lg/
L, and the values of\ 30 and\ 20 lg/L were
labeled as insufficient or deficient, respectively
[19]. The study populations on which these
different recommendations are based vary.
However, the majority of patients with AMD
tend to be older and are, therefore, by default at
higher risk for vitamin D deficiency; as such,
they resemble more the population of the
Endocrine Society. In the present study we have
used the ranges recommended by the Endocrine
Society.

RESULTS

Subject Characteristics

A total of 50 subjects were enrolled in this
study. The demographic characteristics of these
subjects are presented in Table 1. At University
Hospitals Leuven, 102 subjects were screened,
and 25 were ultimately assessed to be eligible to
participate in the study. Of those excluded from
the study, 55 had a STARS� score\10, 17 had a
history of nutritional supplement intake in the
4 months prior to enrolment and five were
classified with AMD grade 3 or 4 upon clinical
examination. At the Alken Eye Clinic, 51 sub-
jects were screened, of whom 25 were assessed

to be eligible for participation in the study. Of
those excluded, ten had a STARS� score\10, 13
had a history of nutritional supplement intake
in the 4 months prior to enrolment and three
were classified with AMD grade 3 or 4 on the
clinical examination.

Micronutrient Levels

Of the 50 subjects included in this study, 47
(94%) had abnormal serum levels for at least
one of the micronutrients analysed. The per-
centage of patients with abnormal results for
each micronutrient analysed is presented in
Fig. 1a–c.

Vitamin D
The median serum concentration of vitamin
25(OH)D in the study population was 23.9 (IQR
15.3–29.8) lg/L (Fig. 1b). Of the 50 participants,
lower than optimal vitamin D levels (\30 lg/L)
[19] was evidenced in 38 (76%), with 40 and
36% exhibiting vitamin D deficiency (\20 lg/
L) [19] and vitamin D insufficiency (20–30 lg/L)
[19], respectively (Fig. 1b, c). Most of the
remaining participants (92%, n = 11/12) had
borderline optimal values. This is reflected by a
median concentration of 31.3 (IQR 30.6–37.7)
lg/L vitamin D for the subjects who had levels
of vitamin D within the optimal range (Table 2).
The median concentration of vitamin D among
subjects who exhibited lower than optimal val-
ues was within the range of deficiency, esti-
mated at 19.0 (IQR 13.9–26.5) lg/L (Table 2).

Subgroup analysis for vitamin D median
concentration suggested a trend for certain
groups to exhibit a median concentration of
vitamin D marginally below the deficiency
threshold of 20 lg/L. These groups and their
corresponding median concentration of vita-
min D were: males (18.4 [IQR 12.9–27.8] lg/L);
overweight (18.4 [13.4–27.1] lg/L) and obese
(17.7 [11.1–24.3] lg/L) and subjects with a his-
tory of hypertension (18.9 [1IQR 4.8–29.0] lg/
L), atherosclerosis (17.7 [15.6–27.8] lg/L) and
cataract surgery (19.0 [15.5–28.3] lg/L). The
vitamin D concentration of the only subject
identified as being at high risk of AMD was
12.9 lg/L (Fig. 2).
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Fatty Acid Levels
Of the 50 subjects, 68% had at least one
abnormal fatty acid (X6:X3 ratio, EPA or DHA)
profile, (Fig. 1c). The X6:X3 ratio was above the
reference range (normal range of X6:X3 1–4) in
54% of the subjects, and the median X6:X3 ratio
in the study population was 4.12 (IQR
3.43–4.74) (Fig. 1a, c). The median X6:X3 ratio

among subjects who had values above the ref-
erence range was 4.71 (IQR 4.35–5.10) (Table 2).
DHA levels were below reference range (normal
range of DHA 5.27–8.87%) in 60% of the sub-
jects, with the median concentration in the
study population being 4.93% (IQR
4.32–5.52%) (Fig. 1a, c). The median DHA con-
centration among subjects with levels below the

68%
54%

50%

46%

76%

60%

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

% of subjects with abnormal ranges in blood tests analysed

Vitamin D

DHA
Fatty 
Acids

Zinc Oxide

EPA
©6:©3

36% Insufficiency40% Deficiency

OPTIMAL 
RANGE

Median (IQR*) values                          
(subjects n=50)

Below optimal Vitamin D 
(<30 µg/L) Sufficiency (>30 µg/L) Toxicity (>100 µg/L)

Subjects 
(n/50)

Subjects 
(%)

Subjects 
(n/50)

Subjects 
(%)

Subjects 
(n/50)

Subjects 
(%)

25-OH Vitamin D 30-50 µg/L 23.9 (15.3-29.8) 38 76% 11 22% 1 2%

NORMAL 
RANGE

Median (IQR*) values                          
(subjects n=50)

Below Reference Normal Above Reference
Subjects 

(n/50)
Subjects   

(%)
Subjects 

(n/50)
Subjects 

(%)
Subjects 

(n/50)
Subjects 

(%)
Zinc oxide 84-135 µg/L 83.0 (75.3-90.8) 25 50% 25 50% 0 0%

Cupric oxide 86-148 µg/L 105.5 (96.0-115.8) 6 12% 43 86% 1 2%
©6:©3 1-4 4.12 (3.43-4.74) 0 0% 23 46% 27 54%
EPA 0.75-2.34% 0.79 (0.60-1.05) 23 46% 27 54% 0 0%
DHA 5.27-8.87% 4.93 (4.32-5.52) 30 60% 20 40% 0 0%

(b)

(a)

Below optimal Vitamin D (<30 µg/L)
Deficiency (<20 µg/L) Insufficiency (20-30 µg/L)

Subjects (n/50) Subjects (%) Subjects (n/50) Subjects (%)
20 40% 18 36%

(c)

Fig. 1 a Number (n) and proportion (%) of subjects
presenting with levels of zinc oxide, cupric oxide,
eicosapentaenoic acid (EPA) and docosahexaenoic acid
(DHA) below the range of reference values and with an
omega-6:omega-3 (X6:X3) ratio above the range of
reference values. Asterisk indicates interquartile range
(25–75%). b Number (n) and proportion (%) of subjects

presenting with vitamin D levels below the optimal range.
These subjects were further analysed to identify the
number and proportion of them exhibiting vitamin D
insufficiency or vitamin D deficiency (36 and 40%,
respectively). c Graph representation of the percentage of
subjects with abnormal serum levels of micronutrients
tested
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reference range was 4.48% (IQR 3.99–4.74%)
(Table 2). EPA levels were lower than the refer-
ence range (normal range of EPA 0.75–2.34%) in
46% of the subjects, with the median concen-
tration in the study population being 0.79 (IQR
0.60–1.05) % (Fig. 1a, c). The median EPA con-
centration among subjects with levels below the
reference range was 0.58% (0.48–0.67%)
(Table 2).

Zinc Oxide and Cupric Oxide
Zinc oxide concentration was found to be below
the reference range (normal range of zinc oxide
84–135 lg/L) in 50% of the subjects, and the
median concentration in the study population
was 83.0 (IQR 75.3–90.8) lg/L (Fig. 1a, c). In
those subjects whose median zinc oxide con-
centration was lower than the reference values,
the median zinc oxide level was 75.0 (IQR
72.0–78.0) lg/L (Table 2). Cupric oxide levels
were within the normal range (86–148 lg/L) for
the majority of the tested population (86%),
with the median concentration in the study
population being 105.5 (IQR 96.0–115.8) lg/L

(Fig. 1a). In those subjects with cupric oxide
levels below reference range (12%), the median
cupric oxide concentration was 81.5 (IQR
80.0–83.0) lg/L (Table 2).

DISCUSSION

In this study we used the STARS� questionnaire
in a Belgian population aged C 55 years who
had either no AMD or early AMD to identify
people at moderate-to-high risk for developing
AMD or AMD progression. The STARS� ques-
tionnaire has been compiled from validated risk
factors for AMD and can be used to screen and
identify healthy or early-stage AMD patients,
such as the subjects of this study, who are at risk
of AMD development or progression. Early
detection of those individuals is of utmost
importance as it will enable ophthalmologists
to put in place an early strategy of prevention
[11, 20].

Blood serum samples of the subjects identi-
fied to be at risk of AMD were analysed for

Table 2 Serum concentrations of micronutrients in the study population

Normal
range

Total
population

Population below
reference

Population within
normal range

Population above
reference

Zinc oxide 84–135

lg/L

83.0 (75.3–90.8) 75.0 (72.0–78.0) 91.0 (86.0–99.0) N/A**

Cupric oxide 86–148

lg/L

105.5 (96.0–115.8) 81.5 (80.0–83.0) 108.0 (98.0–116.5) N/A**

X6:X3 1–4 4.12 (3.43–4.74) N/A** 3.41 (3.23–3.77) 4.71 (4.35–5.10)

EPA 0.75–2.34% 0.79 (0.60–1.05) 0.58 (0.48–0.67) 1.04 (0.85–1.13) N/A**

DHA 5.27–8.87% 4.93 (4.32–5.52) 4.48 (3.99–4.74) 5.58 (5.28–5.79) N/A**

25-OH

vitamin D

30–50

lg/L

23.9 (15.3–29.8) 19.0 (13.9–26.5) 31.3 (30.6–37.7) N/A**

Values are presented as the median concentration and IQR (25–75%, as a measure of variability) of all nutrients analysed for
subjects who presented with values below the reference range, within the normal range and above the reference range
EPA Eicosapentaenoic acid, DHA docosahexaenoic acid, IQR interquartile range (25–75%), N/A not applicable, X6:X3
omega-6:omega-3 ratio
The bold values are median concentration of vitamin D in the subjects presenting with values below optimal was in the
spectrum of vitamin D deficiency (\ 20 lg/L) and median concentration in those subjects within optimal vitamin D range
(30–50 lg/L) was borderline within range
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vitamin D, fatty acids, zinc oxide and cupric
oxide levels, with the results showing that the
vast majority (94%) of the subjects presented
abnormal levels of at least one of these
micronutrients.

Poor diet and lack of micronutrients with
anti-oxidant, anti-inflammatory and anti-an-
giogenic properties are considered to be risk
factors for AMD [9, 11]. The beneficial effect of
adopting specific diet patterns rich in nutrients
associated with a reduced risk for AMD has been
previously demonstrated [21, 22]. However,
identification of the appropriate beneficial diet
pattern and adherence to it pose issues that
render the importance of micronutrient sup-
plement intake unequivocal. The importance
for additional intake of micronutrient supple-
ments in AMD is especially highlighted in the
elderly who are at higher risk of micronutrient
deficiency and show low adherence to specific
diet patterns. It has been demonstrated by
Koning et al. that only 3.7% of elderly patients

followed the recommended nutrient intake
[21].

The benefit of micronutritional diet supple-
ments for AMD has been established by
numerous studies [3, 13, 23]. Micronutrients
that make up the currently existing AREDS
proposed formulation of dietary supplements
are lutein/zeaxanthin, b-carotene (contraindi-
cated for smokers) [24], vitamin C, vitamin E,
zinc oxide and cupric oxide [3, 23]. There is
increasing interest in boosting the synergistic
action of supplements already being used by
adding other anti-oxidant micronutrients and
components with plausible biological effect,
such as omega-3 PUFAs [25], resveratrol [26],
and vitamin D [4].

Zinc Oxide

The concentration of zinc in the serum has been
found to be significantly lower in AMD patients
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levels (30 lg/L). Asterisk indicates that data were not
available for 1 out of 50 subjects
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than in healthy subjects [27]. In our study, only
half of the subjects in this study exhibited
normal levels of zinc oxide, potentially indi-
cating the need to increase their intake. The
protective effect of zinc supplementation for
early and late AMD is supported by numerous
studies [3, 13, 25, 28]. Zinc has key anti-oxidant
and anti-apoptotic properties and is abundant
in the RPE and photoreceptor layers. Zinc levels
decrease in the retina due to aging, possibly
contributing to AMD development by causing
impaired cellular metal homeostasis, thereby
inducing RPE and photoreceptor degradation
and promoting oxidative stress [29]. The daily
zinc supplement of 80 mg recommended by
AREDS 2001 [3] is much higher than the rec-
ommended upper tolerance level for zinc intake
[30]. This recommendation was reduced to
25 lg in AREDS2 (2013) [13], and the Blue
Mountains Eye Study indicated a threshold
dosage of 15.8 mg to avoid any side effect [28].

Fatty Acids

Patients with AMD have been previously
reported to have significantly lower levels of
DHA and EPA than healthy subjects [31].
Abnormal levels of at least one fatty acid profile
was found in 68% of our study subjects. DHA
and EPA insufficiency was observed in 60 and
46% of the subjects, respectively. DHA and EPA
are abundantly found in the retina and their
anti-oxidative, anti-apoptotic and anti-inflam-
matory effects are of particular interest in AMD.
PUFAs may increase the retinal density of the
macular pigment which has local anti-oxidant
and anti-inflammatory function. A disruption
of their balance in the retina leads to photore-
ceptor degradation and an accumulation of
lipid and lipoprotein debris in the RPE layer
[32]. Given that continued regeneration of the
retinal membrane requires constant supply of
omega-3 fatty acids from RPE cells, an EPA/
DHA-rich diet, such as fish, should improve
retinal function and slow the development of
AMD, as demonstrated in the Blue Mountains
Eye Study for wet AMD [33]. Several longitudi-
nal studies have also demonstrated associations
of decreased AMD risk for early or late AMD

development with the highest consumption of
omega-3 PUFAs, some just for DHA [14, 34, 35]
and others for both DHA and EPA [25, 36].

Low levels of omega-3 fatty acids may have
clinical implications in conjunction with high
levels of omega-6 fatty acids leading to a higher
than normal ratio of X6:X3, which was found in
54% of our subjects. A high ratio of omega-
6:omega-3 ratio and a high dietary intake of the
monounsaturated fatty acid omega-6, known
for its pro-inflammatory and pro-angiogenic
properties, have been previously to be associ-
ated with an increased risk for AMD [37]. In
addition, one study found that AMD risk
reduction due to omega 3 intake occured
mainly in individuals with low levels of omega
6 intake [38].

Vitamin D

Our data analysis revealed an overwhelming
majority (76%) of the subjects to be insufficient
or deficient in vitamin D. Strikingly, the
remaining subjects with levels within the opti-
mal range had borderline values despite having
been screened in the summer when vitamin D
concentrations are the highest. Over 50% of the
world’s population is at risk of vitamin D defi-
ciency [39]. The elderly in particular are
exposed to dietary vitamin D deficit, reduced
mobility leading to reduced exposure to sun-
light and renal function impairment—all fac-
tors that converge to vitamin D deficiency [40].

In support of our results, it has been previ-
ously reported that 87.3% of patients with AMD
exhibited low levels of vitamin D intake, which
was correlated with a higher risk of AMD pro-
gression [16]. The association of vitamin D
shortage [assessed based on serum 25(OH)D]
with early or late-type AMD has been reported
in several cross-sectional studies, but remains
under debate, as demonstrated in subsequent
meta-analyses. Wu et al. concluded that there
was no consistent evidence proving an inverse
association between serum vitamin D levels and
risk for AMD [41], in agreement with a recent
meta-analysis by Ferreira et al., although the
latter demonstrated a trend for late AMD among
patients with vitamin D deficiency [42]. On the

Ophthalmol Ther (2021) 10:299–311 307



contrary, Annweiler et al. concluded in their
meta-analysis that vitamin D dietary intake has
a protective effect against AMD [15]. The latter
view is supported by the results of a longitudi-
nal prospective study performed by Merle et al.
[16]. The association between vitamin D intake
and AMD requires further assessment in
prospective randomized controlled trials, as
cross-sectional studies are not designed to
determine causality. Recent data from the first
randomized clinical trial evaluating vitamin D
in AMD prevention did not exhibit a significant
effect of vitamin D supplementation on AMD
onset or progression [43]. Several limitations of
this study, which was predominantly designed
to evaluate vitamin D intake for the prevention
of cancer and cardiovascular diseases, include
the well-nourished study population, the lack of
stratification by clinical manifestation of AMD,
the small number of events per subgroup, the
short follow-up, the self-reported AMD diagno-
sis, the lack of adjustment for multiple com-
parisons and reduced statistical power. These
limitations should be taken into account in the
design of future randomized trials that aim to
further elucidate the potential effect of vitamin
D intake on AMD risk in the general population
and distinct clinical subgroups of AMD patients.

The fact remains that both experimental
in vitro and in vivo evidence support a protec-
tive role of vitamin D in AMD through the
inhibition of oxidation, inflammation and
angiogenesis and fibrosis pathogenic processes
in the RPE and choroid [4, 44]. Consistently, of
particular interest is the observation that vita-
min D insufficiency is associated with an
increased likelihood to develop subretinal
fibrosis (SF) in patients with neovascular AMD.
Preventing subretinal fibrosis is of vital impor-
tance to preclude subsequent irreversible retinal
damage and subsequent vision loss, as in con-
trast to neovascularization, SF does not respond
well to treatment and becomes steadily more
prominent [45, 46]. Thus, it would be interest-
ing to further assess the effect of vitamin D
supplementation on AMD in large population
randomized trials, analysed in a stratified by
clinical manifestation of AMD manner, includ-
ing neovascular AMD with or without SF.

Vitamin D multifunctional bioactivity
should not be overlooked when considering the
potential clinical significance of its intake in
AMD. Vitamin D deficiency has also been linked
to conditions associated with AMD risk,
including obesity [47], myocardial infarction
[48], hypertension and coronary disease [49]
and cataract [50]. It is conceivable that this is
reflected in the trend for deficiency (\20 lg/L)
we observed for overweight and obese subjects,
and subjects with a history of hypertension,
atherosclerosis, myocardial infarction and cat-
aract surgery; however, these trends were mar-
ginal in our study, and their significance should
be tested in larger populations. Consequently,
the recommendation for vitamin D intake to
AMD patients may prove beneficial in a cumu-
lative manner.

The clinical implication of this study is that
ophthalmologists may use the STARS� ques-
tionnaire to identify patients at risk for AMD
and offer advice for a diet rich in relevant
nutrients, as well as recommend, when neces-
sary, micronutrient supplements. The potential
limitations of the study arise from the small
sample size of the study and the lack of a con-
trol group. The study was not powered to test
the statistical significance of the detected
abnormalities, to evaluate the extent of
micronutrient deficiency for different levels of
AMD risk or to detect all of the potential asso-
ciations of abnormal nutrient levels with
specific AMD risk factors. In addition, only a
small number of nutrients was included, pro-
viding a very crude assessment of the overall
nutritional status for these patients. It would be
interesting to assess a more extensive nutri-
tional profile in a follow-up study. Future
investigations addressing all of these issues in a
large population could potentially provide
insights for a personalized and comprehensive
nutrient supplementation plan.

CONCLUSIONS

Assays for serum micronutrient values are
expensive and not routinely performed in clin-
ical practice by ophthalmologists. It is perfectly
rational to advocate a healthy diet and daily
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exposure to sunshine and outdoor light with
the aim to optimize the nutritional status of
people at risk for AMD. Many studies have
shown the potential benefit of micronutrient
supplementation against AMD progression. Our
data collectively suggest that Belgians at mod-
erate-to-high risk of AMD development or pro-
gression, identified using the inexpensive
STARS� questionnaire, present with a subopti-
mal nutritional status. Increasing the intake of
omega 3 fatty acids, vitamin D and zinc could
potentially delay the onset or slow down the
progression of this condition but this needs to
be confirmed by further research, particularly
large randomized trials assessing the association
of vitamin D intake and distinct clinical mani-
festations of AMD.
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