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The Potential Role of Dietary Antioxidant Capacity in Preventing Age-Related
Macular Degeneration

Sedat Arslana , Sibel Kadayifçilarb, and G€ulhan Samurc

aNutrition and Dietetics, Kastamonu University, Kastamonu, Turkey; bDepartment of Ophthalmology, Hacettepe University, Ankara, Turkey;
cNutrition and Dietetics, Hacettepe University, Ankara, Turkey

ABSTRACT
Objectives: Age-related macular degeneration (AMD) is a progressive disorder among people
aged �50 years. Some dietary factors associated with the susceptibility to AMD include dietary gly-
cemic index and glycemic load, as well as intake of antioxidants and other nutrients, such as vita-
mins, minerals, and dietary fatty acids.
Methods: This case-control study was conducted between July 2015 and February 2016 on 100
case subjects with AMD and 100 healthy controls without AMD. The participants were recruited
from the Department of Ophthalmology of Hacettepe University Hospitals in Ankara, Turkey.
Dietary intake was estimated from a 3-day food intake record and food frequency questionnaire,
and anthropometric measurements were recorded. The relationship between nutritional factors
and AMD was assessed using logistic regression.
Results: Dietary total antioxidant intake of AMD group was found to be lower (p< 0.05) than that
of healthy individuals. In a multivariate analysis, smoking, daily red meat intake, omega-6 intake,
and higher glycemic index were identified as risk factors for AMD development. Meanwhile, daily
fruit intake, daily fish intake, omega-3 intake, and zinc intake were associated with a protective
effect. However, no difference was found in dietary total antioxidant capacity.
Conclusions: In this study, a high dietary intake of carotenoids, vitamins C and E, zinc, and
omega-3, as well as maintaining optimal waist circumference, were found to substantially
reduce the risk of developing AMD in people aged >50 years. By contrast, in addition to smok-
ing and old age, obesity, high red meat intake, and omega-6 intake might increase the risk of
developing AMD. Therefore, a better understanding of nutritional risk factors is necessary for
preventing AMD.
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Introduction

There is an increasing global concern about the issues
related to eye health. In 2010, World Health Organization
(WHO) defined the primary causes of visual impairment:
uncorrected refractive errors (43%), cataract (33%), glau-
coma (2%), age-related macular degeneration (AMD) (3%),
diabetic retinopathy (1%), and undetermined natural reasons
(18%) (1). This report also outlined the three major reasons
for blindness: cataract (51%), glaucoma (8%), and AMD
(5%) (1). AMD is a leading cause of progressive, bilateral
blindness in the elderly, and it can be classified as non-
exudative (dry) or exudative (wet) (2).

Nutrition plays a vital role in sustaining a healthy life.
Researchers with the Age-Related Eye Disease Study
(AREDS) reported in 2001 that a nutritional supplement
called AREDS formulation can reduce the risk of developing
advanced AMD. The original AREDS formulation contained
vitamin C, vitamin E, beta-carotene, zinc, and copper (3). A
subsequent study completed in 2012, AREDS-2, showed that
removing beta-carotene and decreasing the zinc level in the

formulation did not exacerbate the AMD progression rate.
The study also showed that incorporating beta-carotene in a
group of past smokers (who quit at least a year ago) led to a
substantially high rate of lung cancer development. Hence,
the researchers introduced carotenoids, namely, lutein and
zeaxanthin, as substitutes to beta-carotene in the new for-
mulation. Although lutein and zeaxanthin did not further
decrease the risk of AMD progression, they were found to
be safer and appropriate, especially for former smokers to
mitigate the incidence of lung cancer (4).

The findings of some studies on the effect of increased
carotenoid and antioxidant intake on the risk of AMD are
inconsistent (5,6). Likewise, the epidemiological evidence
between dietary fat intake and AMD is inconsistent (7). One
study has shown that consuming fatty fish, which increases
polyunsaturated fatty acid intake, decreases the risk of devel-
oping AMD (8). However, other studies have reported that
a high rate of fat intake is a risk factor for AMD (6,9).
Moreover, another study has found no significant relation-
ship between dietary fat intake and AMD development after
the correction of other variables (10). In addition, the
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interventional AREDS-2 study has reported that the add-
itional intake of long-chain omega-3 polyunsaturated fatty
acids does not confer any beneficial effect against AMD (6).
Despite these disparities, a combination of proper dietary
nutrition intake (e.g., vitamin, mineral, and supplement) and
other precautionary strategies are consequential in the effort
of preventing AMD progression, the risk of which com-
pounds with age.

Some evidence in America has indicated that the likeli-
hood of developing AMD is more closely associated with
waist-to-hip ratio than with body mass index (BMI) (11). In
a cohort of middle-aged patients, after a 6-year follow-up, a
group of researchers reported that the decrease of waist-to-
hip ratio reduced the risk of AMD; the same trend was
observed for waist circumference reduction, although the
evidence was weak (12). Similarly, another study has
reported that the increase in waist-to-hip ratio or waist cir-
cumference increases AMD progression (13).

This study aimed to evaluate dietary total antioxidant
capacity, food and nutrient intake, and some anthropometric
measurements of individuals with AMD. The possible effect
of nutritional factors on the occurrence of AMD was eval-
uated by comparing the dietary total antioxidant capacity
and some anthropometric measurements of healthy individ-
uals with those of individuals with AMD.

Materials and methods

Participants

This was a descriptive and cross-sectional study including
case and control groups. It was conducted in the
Department of Ophthalmology of Hacettepe University
Hospitals in Ankara, Turkey, between July 2015 and
February 2016. The research sample comprised volunteers
aged >50 years who met the study criteria.

While benefiting from the results of the previous studies,
the sample size of the research was type 1 error level
a¼ 0.05 and type 2 level b¼ 0.20. The power of the test was
taken as 1 � b¼ 0.80, and the power analysis was statistic-
ally calculated using NCCS PAS 11 program. Two hundred
individuals voluntarily participated in this study: 100 case
patients (50 women, 50 men) and 100 control patients (50
women, 50 men). Controls were age matched with the cases
and had general status similar to the cases. Individuals aged
<50 years or who had special nutrition conditions, cardio-
vascular diseases, or eye surgery history were excluded.

A written informed consent was obtained from every par-
ticipant. The proposed research study was evaluated and
ethically approved on July 10, 2015, by the Hacettepe
University Clinical Research Ethical Board with project
number GO 15/628 and decision number GO 15/628-23.

Data on demographics and dietary intake of different
food groups were collected from standardized face-to-face
interviewer-assisted questionnaires. The sociodemographic
attributes of the individuals (gender, age, occupation, educa-
tional status, and health conditions) were recorded, and add-
itional information on whether they smoke or use drugs was
confidentially obtained.

Body weight of each participant was measured using a
calibrated electronic scale with an accuracy of 0.1 kg
(TANITA HD 366) and conducted when the patient was
hungry, wearing lightweight clothes and no shoes. Body
height was measured by a researcher (S.A.) using a tape
measure when each participant was standing upright in the
Frankfurt Plane position (i.e., ear canal and the lower mar-
gin of the orbit are horizontal while facing forward) (14).
BMI was calculated using the formula body weight (kg)/
body length(2) (m2) and categorized based on the WHO
classification (15). According to this classification, a BMI of
<18.5 kg/m2 is thin, 18.5–24.9 kg/m2 is normal,
25.0–29.9 kg/m2 is overweight, and �30 kg/m2 is obese (15).
Waist circumference was also measured using a tape meas-
ure by circling the waist at the midpoint between the lowest
rib and the umbilicus. If the waist circumference is found to
be �88 cm for women and �102 cm for men, this is indica-
tive of high risk of developing chronic diseases (16). Hip cir-
cumference was subsequently measured using a tape
measure at the highest point of the hip while standing at the
left side of the individual. If the waist-to-hip ratio is �0.85
for women and �0.90 for men, the risk of developing
chronic diseases increases (16).

Assessment of dietary intake and dietary total
antioxidant capacity

The dietary intake of participants was assessed using a vali-
dated quantitative food frequency questionnaire (QFFQ)
(17). The QFFQ was designed to measure a “typical” diet by
asking questions about the frequency and amount of food
consumption. It comprised 110 food items. Foods were clas-
sified into the following categories: milk and dairy products,
meat and meat products, fruits, vegetables, bread and cere-
als, beverages, and desserts. Intake frequencies included
eight categories, ranging from never/once a month to more
than one per day. Trained interviewers inquired how often
the participants had consumed one portion of each food
item. To compute the total amount of food intake per day,
the reported frequency of consumption for each food item
was multiplied by the portion size. The total food intake
was then converted to total nutrient intake based on the
food’s nutrient profile. Standardized food recipes for Turkey
(18) and the Nutrition Information System (BEBIS) pro-
gram, (19) which is a food composition database for nutri-
ent estimation, were used to determine the average daily
energy and nutrient intake for each participant. These values
were subsequently compared with the recommended daily
allowance values (20) to determine the status of meeting
energy and nutrient requirements. Thereafter, the percen-
tages meeting the requirements were calculated.

Meanwhile, to assess dietary antioxidant capacity from
the QFFQ, each food’s contribution to Ferric Reducing
Antioxidant Power (FRAP) was calculated based on the
Antioxidant Food Table published by the Institute of
Nutrition Research at the University of Oslo, which com-
prises data on >3,000 food items (21).
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Statistical analysis

For statistical evaluation of data obtained in this study, the
Statistical Package for Social Science 22.0 program (IBM,
USA) was used. The average, standard deviation, lowest value,
and highest value of the data set collected were computed.
The data distribution by numbers was given as number–
percentage tables. For evaluation of the continuous data, the
Kolmogorov–Smirnov test was used to determine whether the
set followed a normal distribution. The normally distributed
data were analyzed using parametric statistical tests (inde-
pendent two-sample t-test and Pearson correlation), whereas
nonnormally distributed data were analyzed using nonpara-
metric statistical tests (Pearson chi-squared, Mann–Whitney
U, and Spearman correlation). Odds ratios (OR) and 95%
confidence intervals (CI) were calculated using a univariate
logistic regression analysis independently for each criterion
(food group, BMI, adjusted age, and gender) before combin-
ing them in a multivariate logistic regression. The OR and
95% CI values were then used to determine the risk factors
for developing AMD. Furthermore, a stepwise multivariate
regression analysis was also performed, with strict inclusions
of the set with p< 0.05 in the model.

Results

A summary of the study population’s characteristics and
statistical information is shown in Table 1. The age

distribution of the participants was found to be 38.5% in the
50–65 years age group and 61.5% in the �65 eyars age
group (p> 0.05). The average age of the case group was
68.09 ± 8.41 years and that of the control group was
67.29 ± 8.45 years, with no statistically significant difference
between the groups (p> 0.05). However, a statistically sig-
nificant difference was noted between these two groups in
terms of marital status (p< 0.05). The average education
period in the case group (7.0 ± 4.9 years) was significantly
higher than that in the control group (5.3 ± 4.7 years;
p< 0.05). No statistically significant difference was found
between the two groups in terms of occupation (p> 0.05).

The case group comprised 54.0% smokers and 46.0%
nonsmokers, whereas the control group comprised 24.0%
smokers and 76.0% nonsmokers. The two groups were stat-
istically different in terms of smoking, and the smoking
period was higher in the case group than in the control
group (p< 0.001).

In the study, 66.0% of women had wet-type AMD and
34.0% had dry-type AMD. Meanwhile, 74.0% men had wet-
type AMD and 26.0% had dry-type AMD. In total, 70.0% of
participants with AMD had wet-type AMD and 30.0% had
dry-type AMD. In this study, the average time for AMD
diagnosis was 4.7 ± 2.8 years in women and 5.3 ± 2.2 years in
men in the case group.

An overview of the anthropometric measures is given in
Table 1. The average BMI in the case group was significantly
higher than that in the control group (p< 0.001). Further,

Table 1. General Characteristics and Statistical Information of Participants.

Sociodemographic characteristics

Case group (n¼ 100)
Control

group (n¼ 100) Total (n¼ 200)

n % n % N % p

Gender
Female 50 50.0 50 50.0 100 50.0
Male 50 50.0 50 50.0 100 50.0

Age groups (years)
50–65 38 38.0 39 39.0 77 38.5 0.884a

�65 62 62.0 61 61.0 123 61.5
Age (mean) (years) 68.1 ± 8.4 67.3 ± 8.5 67.7 ± 8.4 0.503b

Marital status 0.020a

Married 74 74.0 87 87.0 161 80.5
Single/divorced/widowed 26 26.0 13 13.0 39 19.5

Education
<High school 65 65.0 75 75.0 140 70.0 0.123a

�High school 35 35.0 25 25.0 60 30.0
Total education period (mean; years) 7.0 ± 4.9 5.3 ± 4.7 6.2 ± 4.9 0.012c

Occupation
Retired 85 85.0 78 78.0 163 81.5 0.202a

Still working 15 15.0 22 22.0 37 18.5
Smoking status
Ever 54 54.0 24 24.0 78 39.0 0.000a

Never 46 46.0 76 76.0 122 61.0
Smoking period (mean; years) 30.6 ± 14.6 29.3 ± 12.2 30.2 ± 13.9 0.673b

Body mass index (BMI; �X± SD) (kg/m2)
Female BMI 30.4 ± 4.9 27.8 ± 4.3 29.1 ± 4.8 0.005b

Male BMI 27.8 ± 2.9 26.0 ± 3.5 26.9 ± 3.3 0.006b

Waist circumference (WC; �X± SD) (cm)
Female WC 100.2 ± 9.7 96.5 ± 10.0 98.4 ± 9.9 0.066b

Male WC 99.2 ± 9.1 94.0 ± 11.7 96.6 ± 10.7 0.016b

Waist-to-hip ratio (W/H; �X± SD) (cm)
Female W/H 0.95 ± 0.08 0.94 ± 0.05 0.94 ± 0.06 0.354c

Male W/H 0.99 ± 0.06 0.98 ± 0.06 0.99 ± 0.61 0.257c

aPearson chi-squared test.
bIndependent two-sample t-test.
cMann–Whitney U test (p< 0.05).
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the average waist circumference was significantly higher in
the case group than in the control groups, particularly
among the men (p< 0.05). Meanwhile, no statistically sig-
nificant difference was observed between the two groups in
terms of waist-to-hip ratio (p> 0.05).

Based on the WHO’s BMI classification, (15) in the case
group, 12.0% participants were normal, 55.0% were slightly
obese, 28.0% were class I obese, 3.0% were class II obese,
and 2.0% were class III obese. Furthermore, in the control
group, 25.0% participants were normal, 54.0% were slightly
obese, 17.0% were class I obese, 2.0% were class II obese,
and 1.0% were class III obese. Thus, no statistically signifi-
cant difference was found between the control and case

groups in terms of the BMI distributions (p> 0.05). The
average BMI was 30.4 ± 4.9 in women and 27.8 ± 2.9 in men
in the case group and 29.1 ± 4.8 in women and 26.9 ± 3.3 in
men in the control group, indicating a statistically significant
difference between the groups (p< 0.05).

Similarly, the waist circumference was analyzed according
to WHO guideline (16). Both groups had a significant por-
tion of participants in the AMD-risky category: 69.0% in the
case group and 54.0% in the control group, but the differ-
ence was statistically significant between the two groups
(p< 0.05). Meanwhile, the evaluation of waist-to-hip ratio
showed that 67.0% of participants in the case group and
62% in the control group were in the AMD-risky category,
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Figure 1. The dietary total antioxidant capacity and contribution of each nutrient groups to dietary total antioxidant capacity (dTAC) values calculated by Ferric
Reducing Antioxidant Power (FRAP1) (Carlsen et al.) (% and mmol/d).

Figure 2. Schematic representation of development of AMD and protective mechanism of antioxidants. AMD: Age-related macular degeneration.
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indicating no statistically significant difference between the
groups (p> 0.05).

The mean and 95% CI of dietary antioxidant status for
each nutrient group in both case and control groups are
shown in Figure 1. The antioxidant capacity levels from the
nutrients obtained from fish and water products, egg and
egg products, fresh legumes, dry legumes, Mediterranean
fruits, olives, vegetables, white bread, whole-wheat bread,
cake, pasta, cookies, coffee, tea, herbal tea, wine and similar
drinks, sugar, honey, and candies were not statistically dif-
ferent between the case and control groups (p> 0.05).
Meanwhile, the antioxidant capacity levels from the nutrient
groups of fruits and olive and beverages were significantly
higher in the control group than in the case group
(p< 0.05): 1.7 ± 0.9 and 5.2 ± 2.9mmol/d, respectively, in the
case group and 3.5 ± 1.7 and 5.9 ± 4.0mmol/d, respectively,
in the control group. The antioxidant capacity levels from
oils, cereals, and potatoes were significantly lower in the
control group than in the case group (p< 0.05). However,
the antioxidant capacity levels from meat, dairy, legume,
sugar, and chocolate products were not significantly differ-
ent between the groups (p> 0.05).

The approximate dietary total antioxidant capacity levels
were determined based on the food intake records. The diet-
ary total antioxidant capacity was statistically higher in the
in the control group (14.9 ± 5.0mmol/d) than in the case
group (12.3 ± 3.4mmol/d; p< 0.05; Figure 1).

In Table 2, the relationships between dietary total antioxi-
dant capacity and anthropometric measures (i.e., BMI, waist
circumference, and waist-to-hip ratio) are summarized. No
significant relationship was found between the dietary total
antioxidant capacity and any anthropometric measure in the
case group (p> 0.05). However, the relationship between
dietary total antioxidant capacity and BMI in the control
group was an “unimportant correlation” (p< 0.05).
Moreover, the relationship of dietary total antioxidant cap-
acity with waist circumference in the control group was a
“mid-level correlation” (p< 0.001).

Table 3 presents the results of logistic regression analysis
of dietary antioxidant capacity, energy and nutrient intake,
dietary glycemic index/load, and some risk factors for AMD
in both case and control groups. It was found that the indi-
viduals who consumed fruits every day (OR: 0.56, p< 0.05)
or 3–5 times in a week (OR: 0.75; p< 0.05) and those who
consumed vegetables every day (OR: 0.80, p> 0.05) or 3–5
times in a week (OR: 0.96, p> 0.05) had a low risk of

developing AMD. Similarly, the likelihood of developing
AMD was lower in individuals who consumed fish every
day (OR: 0.35, p< 0.05) or 3–5 times in a week (OR: 0.68,
p< 0.05) than in those who consumed it only once in a
week or less often. By contrast, the participants who con-
sumed red meat every day had 1.2 times higher risk of
developing AMD than the individuals who consumed it
once in a week or less often (p< 0.05). No difference was
observed in the risk of developing AMD between individuals

Table 3. Univariate Binary Logistic Regression Analysis for AMD Versus No
AMD, Adjusted for Age and Gender.

OR 95% Cl p

Energy 1.01 1.0–1.02 0.015
Protein 0.96 0.88–1.05 0.297
Carbohydrates 1.37 1.13–1.62 0.030
Fiber 0.96 0.76–1.10 0.694
Fat 1.41 1.09–1.81 0.009
Omega-3 0.12 0.04–0.35 0.000
Omega-6 1.65 1.35–2.0 0.000
Vitamin A 1.0 0.99–1.0 0.011
Luteinþ zeaxantin 1.0 0.99–1.0 0.003
Carotenoids 0.70 0.61–0.93 0.036
Vitamin C 0.97 0.80–1.03 0.000
Vitamin E 0.76 0.63–0.88 0.130
Vitamin B12 0.87 0.48–1.10 0.017
Folic acid 0.99 0.98–1.05 0.583
Vitamin B6 0.77 0.55–0.91 0.124
Zinc 0.38 0.20–0.50 0.002
Selenium 1.49 0.22–98.3 0.853
Glycemic index
<70� 0.371
�70 2.03 0.30–2.21 0.040

Glycemic load
<120 0.145
�120 2.76 0.43–17.87 0.286

Dietary antioxidant capacity 1.0 0.99–1.00 0.094
Fruit intake
Everyday 0.56 0.40–0.76 0.028
3–5 times a week 0.75 0.60–0.93 0.020
<Once a week� 0.183

Vegetable intake
Everyday 0.80 0.71–1.01 0.060
3–5 times a week 0.96 0.92–0.99 0.125
<Once a week� 0.415

Fish intake
Everyday 0.35 0.2–0.50 0.010
3–5 times a week 0.68 0.55–1.00 0.002
<Once a week� 0.083

Red meat intake
Everyday 1.2 0.80–1.40 0.042
3–5 times a week 1.0 0.97–1.00 0.315
<Once a week 0.615

Tobacco use
Non-smoker� 0.019
Smoker 6.59 1.34–32.5 0.021
Given up 1.48 0.2–11.3 0.703

Body mass index (BMI) (kg/m2)
18.5–24.9 (normal)� 1.000
25.0–29.9 (Overweight) 6.46 0.03–17.36 0.213
30.0–34.9 (Obese class I) 3.37 0.01–7.26 0.295
35.0–39.9 (Obese class II) 15.2 0.1–23.26 0.142
>40 (Obese class III) 25.24 0.02–32.236 0.233

Waist circumference
Female <88 (Normal)� 0.186
�88 (Risky) 1.09 0.99–1.20 0.03

Male <102 (Normal)� 0.04
�102 (Risky) 1.12 1.06–1.30 0.012

Note. Boldface data show significant difference. OR: odds ratio; CI: confi-
dence interval.�Because the “reference” category for the categorical variables was the first
category, their values were not calculated.

Table 2. Relationships Between Dietary Total Antioxidant Capacity and
Anthropometric Measurements.

Dietary total antioxidant capacity

Case group Control group

r p r p

Body mass index (kg/m2) 0.058 0.569a 0.222 0.027a*

Waist circumference 0.072 0.478b 0.370 0.000b**

Waist-to-hip ratio 0.035 0.731b 0.044 0.661a

Note. Boldface data show significant difference.
aSpearman correlation.
bPearson correlation.�p< 0.05.��p< 0.001.
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who consumed red meat 3–5 times in a week and those
who consumed less (OR: 1.0, p> 0.05).

Compared with the disease risk of individuals with nor-
mal BMI, slightly obese people had 6.46 times higher risk,
class I obese people had 3.37 times higher risk, class II obese
people had 15.2 times higher risk, and class III obese people
had 25.24 times higher risk; however, these results were not
statistically significant (p> 0.05). Furthermore, compared
with healthy women, women who were classified at risk in
relation to the waist circumference analysis had 1.09 times
higher risk of developing AMD (p< 0.05). Similarly, com-
pared with healthy men, men who were at risk in terms of
waist circumference had 1.12 times higher risk of developing
AMD (p< 0.05). Meanwhile, participants who consumed
high glycemic index and glycemic load diet had 2.3 times
(p< 0.05) and 2.76 times (p> 0.05) higher risk of develop-
ing AMD, respectively. Nonetheless, no significant associ-
ation was found between dietary total antioxidant capacity
and the likelihood of AMD development (OR: 1.0, p> 0.05).

Discussion

Age is the primary risk factor for AMD development.
According to the International Classification System,
50 years was the minimum age for investigating drusen
occurrence and other abnormalities for diagnosing AMD
(22). In a meta-analysis, a definite correlation was found
between increasing age and AMD in all studies (23).
Although AMD incidence increases by 0.21% in the 55–64
years age group and by 0.85% in the 60–74 years age group,
it substantially increases by 4.59% in the 75–84 years age
group and by 13.05% in the �85 years age group (24). In
this study, by eliminating age as the risk factor, the average
age values between the groups were found to be similar; the
average age of AMD patients was 68.09 ± 8.41 years.

The socioeconomic conditions and education have not yet
been determined as risk factors for AMD (25). In the Beaver
Dam Eye Study, no correlation was noted between income
level, education level, marital status, and AMD development
(26). However, our study discovered a statistically significant
difference between the case and control groups in terms of
marital status (p¼ 0.042). Nevertheless, this could be because
of the small number of participants, only two of whom were
single in the case group and none in the control group.

Although the pathophysiological mechanism between
obesity and AMD is still unclear, researchers have hypothe-
sized that both systematic oxidative stress and hyperleptine-
mia cause AMD (27,28). Moreover, the relationship between
AMD and BMI has been analyzed in several population-
based studies, which have produced inconsistent results. In
the Blue Mountains Eye Study (BMES) and Physicians
Health Study research, the risk of developing early dry-type
AMD was increased in the individuals who did not have
normal BMI (29,30). In the POLA study conducted in
France, comparison between obese individuals (BMI �30 kg/
m2) and thin individuals revealed a relationship between
wet-type AMD and pigment abnormalities (31). Although
the Beaver Dam Eye Study reported a connection between

early development of AMD and BMI in women, no such
relationship was found in men (30). At the same time, the
AREDS cohort study reported a correlation between high
BMI and the prevalence of wet-type AMD (32). In a case-
control study of 130 participants in Iran, no statistical differ-
ence in BMI was observed between the groups (33). In
another POLA study (34), the risk of developing AMD was
2.29 times higher in obese individuals than in normal indi-
viduals. In addition, the Blue Mountains Eye Study (35)
showed that this risk was 1.78 times higher for early AMD
and 1.92 times higher for late AMD. Meanwhile, our results,
which are consistent with the previous findings, showed that
the average BMI was considerably higher in the case group
than in the control group (p< 0.001). Compared with the
disease risk of the individuals with normal BMI, slightly
obese people had 6.46 times higher risk, class I obese people
had 3.37 times higher risk, class II obese people had 15.2
times higher risk, and class III obese people had 25.24 times
higher risk; however, these results were not statistically sig-
nificant (p> 0.05).

In the study by Seddon (36) wherein 1198 patients were
examined for an average of 4.6 years, it was found that high
waist circumference doubled the progression rate of the dis-
ease, whereas high waist-to-hip ratio increased it by 1.84
times. Furthermore, in our study, the average waist and hip
circumferences were significantly higher in the control
group than in the case group (p< 0.05). However, the waist-
to-hip circumference ratio was not significantly different
between the two groups (p> 0.05). Moreover, the results of
logistic regression analysis revealed that in terms of waist
circumference, the women who were categorized at risk had
1.09 times higher risk of developing AMD than healthy
women (p< 0.05). Similarly, the men who were categorized
as at risk had 1.12 times higher risk of developing AMD
than the healthy men (p< 0.05).

In another study, fruits were shown to contribute to a
lower risk of developing AMD, particularly in the individu-
als who consumed 3 or more portions daily compared with
those who consumed 1.5 portions or less. The study
reported a similar trend in men and women in terms of
vegetable intake, although the difference was not significant
(37). Similarly, our study revealed that consuming more
fruits and vegetables lowered the risk of developing AMD in
both men and women. The individuals in the case group
who consumed fruits every day or 3–5 times in a week as
well as those who consumed vegetables every day or 3–5
times in a week had a low risk of developing AMD.
Moreover, a daily intake of pome fruits, citrus fruits, and
green leafy vegetables proved to be beneficial in lowering
the disease risk in individuals in the case group.

Zinc and copper are essentıal trace metals that are packed
in the photoreceptors and the retinal pigment epithelium
(RPE) of the human eye. Zinc and copper work as cofactors
in a few visual chemicals, including copper-zinc superoxide
dismutase, a part of the primary antioxidant system used to
regulate oxidative stress. Oxidative stress and decreased anti-
oxidant capacity have been implicated in the pathogenesis
and progression of several age-related disorders, including
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age-related macular degeneration (AMD); however, no
definitive link has been established. The retina and the RPE
are especially vulnerable to oxidative stress as a result of
raised oxygen tension, high polyunsaturated lipid substance,
and high exposure to sun and light. Although there is no
reliable systemic index of intracellular zinc and copper sta-
tus, several lines of evidence suggest that an accumulated
zinc and copper deficiency in ocular tissue is involved in
AMD, possibly by increasing oxidative stress (Figure 2). Our
results show that individuals with higher intake of zinc have
lower risk of developing AMD (OR: 0.20–0.50, p< 0.05).

For a long time, taking dietary antioxidants has been rec-
ommended because they are helpful in preventing AMD
development and progression. However, in one study, a diet
consisting of A-C-E vitamins, zinc, lutein, zeaxanthin, alpha-
carotene, beta-carotene, lycopene, and beta-cryptoxanthin
was analyzed, which revealed that apart from vitamin E
(OR: 0.83, 95% CI: 0.69–1.01), other nutrients had minimal
effect (OR: 0.91–1.11) or no effect in AMD prevention (38).
Meanwhile, our results, which are consistent with the
AREDS results, showed a clear difference in dietary total
antioxidant capacity between the case and control groups,
wherein the latter exhibited higher capacity (p< 0.001). The
dietary total antioxidant capacity was 12.3 ± 3.4mmol/d in
the case group and 14.9 ± 5.0mmol/d in the control group.
In addition, the relationship between dietary total antioxi-
dant capacity and waist circumference in the control group
was a “positively low and mid-level correlation” (p< 0.001)
(Table 2). Based on that, further work is needed to better
understand the relationship between waist circumference
and dietary total antioxidant capacity in the development
of AMD.

Lipids and lipid metabolites have for some time been
known to playing biological roles that go past energy store
and membrane structure. In AMD, dysregulation of lipid
digestion is nearly connected with malady beginning and
progression. The points of lipoprotein adjustment and
omega-3 unsaturated fat admission get extraordinary consid-
eration. Omega-6 and omega-3 are polyunsaturated unsatur-
ated fats and they are fundamental in light of the fact that
our living being can’t deliver them and we must get them
from sustenance. More often than not while humans have
been on earth we have eaten sustenance containing an
omega-6/omega-3 proportion of around 1– 2:1. Be that as it
may, in the course of the most recent 50 years in Western
eating routine, the proportion has changed to 10–20:1 (39).
Our eating routine presently incorporates colossal measures
of oils that are separated from plants and utilized for cook-
ing or in arranged nourishment. These oils (e.g., sunflower
and corn oil) are principally omega-6. Omega-3 is found in
fatty fish, and in entire grains and beans. In this way, today
we have exorbitant measures of omega-6 unsaturated fats
contrasted and eat fewer carbohydrates, on which individu-
als involved and their hereditary examples were built up.
Intemperate measures of omega-6 and a high omega-6/
omega-3 proportion, as is found in the present Western
diet, advance the pathogenesis of numerous endless ail-
ments, including cardiovascular, malignancy, and immune

system sicknesses, while expanded levels of omega-3 apply a
suppressive impact. In our organism, omega-6 has proin-
flammatory and omega-3 anti-inflammatory impact. It is
conceivable that ideal proportion may differ with the disease
underthought. AMD is likewise a chronic illness, and it is
multigenic and multifactorial. In our study we found that
the omega-6/omega 3 ratio was 1:7 in the AMD group and
1:12 in the control group. Moreover, the results of logistic
regression analysis revealed that in terms of higher omega-6
intake, the individuals who were categorized at risk had 1.65
times higher risk of developing AMD (p< 0.05). Contrary,
in terms of higher omega-3 intake, individuals who were
categorized as at risk had 0.12 times lower risk of
developing AMD (p< 0.05).

A dietary constituent that may have remediating conse-
quences for chronic illness is the polyunsaturated fatty acids
(PUFA) in the omega-3 (n-3) class. Supplementation with the
long-chain n-3 PUFA has appeared to diminish insulin
obstruction, triglyceride levels, pulse, and circulatory strain,
and increment HDL cholesterol levels. On the other hand,
omega-6 (n-6) PUFA, which contend with n-3s for a few
physiological procedures and are copious in the Western eat-
ing regimen, can increment inflammatory signals and have
been related with AMD. Given the many restricting impacts
of n-3s contrasted with n-6s, recent examinations have started
to examine how the dietary proportions of these PUFA
impact health and illness. While numerous n-6 inferred eico-
sanoids engender inflammatory signals, numerous n-3 deter-
mined eicosanoids are less incendiary and even mitigating by
rivalry. Therefore, diets with higher n-6 to n-3 ratios may
contribute to the pathology of metabolic syndrome through
inflammatory processes and other currently unrecognized
mechanisms. There should be attention to the fact that the
connection between n-3 and n-6 PUFA is unpredictable and
they are not generally in restriction. For instance, the n-6
determined lipoxins have anti-inflammatory impacts. In any
case, the dietary-affected tissue proportions of n-3 to n-6
PUFA are vital in their connection to health and illness.

Our study concluded that BMI waist and hip circumfer-
ences of the individuals with AMD were higher and dietary
total antioxidant intake was lower than those of healthy
individuals. AMD is a multifactorial disorder, yet nutritional
intake is one of the most modifiable risk factors. Our study
demonstrated that excess body weight might act as a poten-
tial risk factor for AMD development. With the increasing
prevalence of obesity, it is important to realize that an effort
for reducing the risk of AMD development in terms of con-
trolling body weight, especially in obese patients, can be an
additional benefit.

Transparency declaration

The lead author affirms that this article is an honest, accur-
ate, and transparent account of the study being reported.
The reporting of this work is compliant with STROBE
guidelines. The lead author affirms that no important
aspects of the study have been omitted and that any discrep-
ancies from the study as planned have been explained.

430 S. ARSLAN ET AL.



Ethics statement

The proposed research study was evaluated and ethically approved on
July 10, 2015, by the Hacettepe University Clinical Research Ethical
Board with project number GO 15/628, decision number GO 15/628-
23, and clinical trials registration number NCT03326401. Data collec-
tion from the patients followed ethical standards by obtaining their
written informed consent.

Conflicts of interest

The authors declare that they have no conflict of interests.

ORCID

Sedat Arslan http://orcid.org/0000-0002-3356-7332

References

1. Mariotti SP. Global data on visual impairments 2010. Germany:
World Health Organization. 2012;20.

2. Zampatti S, Ricci F, Cusumano A, Marsella LT, Novelli G,
Giardina E. Review of nutrient actions on age-related macular
degeneration. Nutrit Res. 2014;34(2):95–105.

3. Group A-REDSR. Potential public health impact of Age-Related
Eye Disease Study results: AREDS report no. 11. Arch
Ophthalmol. 2003;121(11):1621.

4. Chew EY, Clemons T, SanGiovanni JP, Danis R, Domalpally A,
McBee W, Sperduto R, Ferris FL. The Age-Related Eye Disease
Study 2 (AREDS2): study design and baseline characteristics
(AREDS2 report number 1). Ophthalmology. 2012;119(11):
2282–2289.

5. Sin HP, Liu DT, Lam DS. Lifestyle modification, nutritional and
vitamins supplements for age-related macular degeneration. Acta
Ophthalmol. 2013;91(1):6–11.

6. Chew EY, Clemons TE, SanGiovanni JP, Danis R, Ferris FL,
Elman M, et al. Luteinþ zeaxanthin and omega-3 fatty acids for
age-related macular degeneration. JAMA. 2013;309(19):
2005–2015.

7. Weikel KA, Chiu CJ, Taylor A. Nutritional modulation of age-
related macular degeneration. Mol Asp Medicine. 2012;33(4):
318–375.

8. SanGiovanni JP, Chew EY, Agron E, Clemons TE, Ferris FL,
Gensler G, et al. The relationship of dietary x-3 long-chain poly-
unsaturated fatty acid intake with incident age-related macular
degeneration: AREDS Report No. 23. Arch Ophthalmol. 2008;
126(9):1274–1279.

9. Swenor BK, Bressler S, Caulfield L, West SK. The impact of fish
and shellfish consumption on age-related macular degeneration.
Ophthalmol. 2010;117(12):2395–2401.

10. Heuberger RA, Mares-Perlman JA, Klein R, Klein BE, Millen
AE, Palta M. Relationship of dietary fat to age-related maculop-
athy in the Third National Health and Nutrition Examination
Survey. Arch Ophthalmol. 2001;119(12):1833–1838.

11. Peeters A, Magliano DJ, Stevens J, Duncan BB, Klein R, Wong
TY. Changes in abdominal obesity and age-related macular
degeneration: the Atherosclerosis Risk in Communities Study.
Arch Ophthalmol. 2008;126(11):1554–1560.

12. Seddon JM, Cote J, Rosner B. Progression of age-related macular
degeneration: association with dietary fat, transunsaturated fat,
nuts, and fish intake. Arch Ophthalmol. 2003;121(12):1728–1737.

13. Adams MKM, Simpson JA, Aung KZ, Makeyeva GA, Giles GG,
English DR, Hopper J, Guymer RH, Baird PN, Robman LD,
et al. Abdominal obesity and age-related macular degeneration.
Am J Epidemiol. 2011;173((11):1246–1255.

14. Pekcan G, ve di�g. Beslenme durumunun saptanması. Ayşe
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