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Abstract. – OBJECTIVE:  The study was de-
signed to investigate the potential effect of fish 
consumption on macular structure and function 
of healthy individuals. 

PATIENTS AND METHODS: The participants 
were Greek, who used to consume less than one 
portion of fish per week since their childhood. 
All participants underwent body mass index 
(BMI) measurements and ophthalmological ex-
amination. At their first examination, they were 
asked to consume at least 2 portions of fish per 
week over a period of 8 weeks, after which all the 
measurements were repeated. 

RESULTS: Eighteen healthy individuals (36 
eyes) participated in this study. The central mac-
ular thickness was reduced, while the ampli-
tudes in the foveal and parafoveal area were in-
creased after the fish consumption. However, 
all measurements remained within the normal 
range at both visits. 

CONCLUSIONS: Regular fish consumption 
could enhance the structural and functional sta-
tus of the macula.

Key Words:
Body mass index, Central macular thickness, Elect-

roretinography, Fish consumption, Macular responses, 
Polyunsaturated fatty acids.

Introduction

The fovea is the central part of the macula, 
exhibiting the highest concentration of light-sen-
sitive cone photoreceptors, and being responsible 
for detailed central and color vision. The macula 
houses three carotenoid pigments, lutein, zeaxan-

thin, and meso-zeaxanthin, which are collectively 
referred to as macular pigment1. Increasing evi-
dence suggests that macular pigment eliminates 
the adverse impact of glare disability, light scat-
ter and chromatic aberration, improving contrast 
sensitivity, while it exhibits antioxidant and an-
ti-inflammatory properties1,2. The adaptation our 
daily dietary to foods enhancing macular pigment 
could protect the macula from oxidative stress 
and degenerative lesions1-4.

Eggs, colored fruits, and vegetables (such as 
spinach and kale) are the basic dietary sources of 
lutein and zeaxanthin, whereas meso-zeaxanthin is 
derived from the isomerization of lutein1,2. Fish is 
a major dietary source of long-chain n-3 polyun-
saturated fatty acids (n-3 PUFAs), predominantly 
of eicosapentaenoic acid (EPA) and docosahexae-
noic acid (DHA), but it also contains high protein, 
selenium, zinc, vitamin A and D concentrations. 
Long chain n-3 and n-6 PUFAs are important in 
membrane structure and function, including re-
tinal and neural membranes5. The plasma levels 
of omega-3 long-chain PUFAs contained in fish, 
especially docosapentaenoic acid (DPA) and EPA, 
have been significantly and positively correlated 
with macular pigment optical density (MPOD)6. 
DHA represents approximately 50-60% of the to-
tal fatty acid content within the outer segments of 
rod photoreceptors, regulating their renewal and 
differentiation, as well as the regeneration of rho-
dopsin. Moreover, DHA exhibits anti-angiogenetic 
and anti-inflammatory properties, while it prevents 
the selective apoptotic death of photoreceptors7. In-
deed, the regular consumption of DHA, EPA, and 
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fish has been associated with a 35-45% lower risk 
of visually-significant Age-Related Macular Dege-
neration (AMD)6,8. Chong et al9 revealed the lower 
risk of both early and advanced AMD in people 
eating fish at least twice a week.

The implication of fish’s PUFA in membranes 
of photoreceptors and visual signal transduction 
as well as the possible protecting effect against 
AMD were the motives to investigate the impact 
of fish consumption in visual performance of he-
althy individuals. 

Patients and Methods

Participants
Potential participants were recruited for this 

study and were all living in the Attica area, 
Greece. They were eligible to take part if they met 
the following criteria: 1. Age between 30 and 65 
years; 2. Body mass index (BMI) (i.e., weight in 
kg/ height in m2) between 24.0 and 31.0 kg/m2; 
3. Fish consumption less than one portion (i.e. 
150 g of cooked fish) per week since their child-
hood. Exclusion criteria included: 1. Pregnancy; 
2. Weight loss diet; 3. Reception of dietary sup-
plements; 4. Treatment for any medical disorder; 
and 5. Any eye disease or eye surgical procedure. 
All participants underwent anthropometric mea-
surements and ophthalmological examination. At 
their 1st examination, they were asked to consume 
at least 1 portion (500 g) of fish (Greek gilthead) 
twice a week over a period of 8 weeks, after 
which all the measurements were repeated. Fish 
was given to the participants for free, and they 
came to Harokopeio University to get it. Fish was 
prepared, cooked and consumed at Harokopeio 
facilities. No adverse report was reported by the 
participants. Besides the fish consumption, the 
participants were not asked to limit or modify 
their daily diet. 

The study was performed in accordance with 
the tenets of the Declaration of Helsinki and the 
protocol used was approved by the Ethics Com-
mittee of the General Hospital of Athens G. Gen-
nimatas. Informed consent was obtained from all 
individual participants included in the study.

Anthropometric Measurements
Anthropometry was carried out on both visits. 

Weight was measured to the nearest 0.1 kg using a 
digital scale and height to the nearest 0.1 cm using 
a stadiometer with head in horizontal Frankfurt 
plane. Both measurements were taken with the 

subject in light clothing and without shoes. Body 
mass index was then calculated as weight (kg) di-
vided by height squared (m2). The anthropometric 
measurements were performed in the Department 
of Science of Nutrition and Dietetics of Haroko-
peio University.

Ophthalmological Examination
All participants submitted to ocular examina-

tion based on visual acuity evaluation (use of Snel-
len chart), optical coherence tomography (OCT) 
retinal thickness measurements, and multifocal 
electroretinography (mfERG) records at 1st visit 
and 2nd (8 weeks after the fish consumption) vi-
sit. All measurements were carried out in the 1st 
Department of Ophthalmology in the General Ho-
spital of Athens G. Gennimatas. We studied both 
eyes (36 eyes) of eighteen healthy individuals. The 
BCVA in each visit was calculated as the mean 
best-corrected visual acuity (BCVA) of both eyes.

The OCT examination was performed by 
the same well-trained and experienced ope-
rator, using Heidelberg Spectralis (Spectra-
lis HRA+OCT, Heidelberg Engineering Inc., 
München, Germany). During the procedure on 
the Spectralis OCT, subjects were asked to fixa-
te on an internal fixation target to increase the 
chance of a well-centered scan at the fovea. The 
subjects were not repositioned nor the instrument 
realigned during the whole scanning procedure, 
in order to keep the measurement conditions as 
constant as possible. Before the examination, the 
pupils were dilated with drops containing 0.5% 
tropicamide and 2.5% phenylephrine. The central 
macular thickness (CMT) in the Spectralis OCT 
was calculated as the distance between the first 
signal from the vitreoretinal interface and the si-
gnal from the outer border of the RPE. To analyze 
CRT, a software algorithm of the Spectralis OCT 
interpolating thickness of the area between the 
scans was used. It provides a circular map analy-
sis in which the average thickness is displayed as 
a color code or numeric values in nine ETDRS 
(Early Treatment Diabetes Retinopathy Study). 
The ETDRS map consists of three concentric rin-
gs with diameters 1, 3, and 6 mm, known from 
Stratus OCT. CMT was measured for both eyes 
at the 1st and 2nd visit, and the mean value of both 
eyes (in each visit) was used in statistical analysis.

The mfERG records were carried out accord-
ing to the guidelines for a basic mfERG by the 
International Society for Clinical Electrophysi-
ology of Vision ISCEV10, based on the EP-1000 
model (Tomey, Nagoya, Japan). The pupils of the 
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patients were dilated with tropicamide 0.5% and 
phenylephrine 5% and the eyes were optically 
corrected for near vision so that the patients could 
see clearly the small fixation spot in the center of 
the stimulus matrix. For the signal acquisition, a 
bipolar contact lens was used, in which the active 
and the reference electrodes were incorporated 
in the contact lens. The ground electrode was at-
tached to the earlobe. The fellow eye was closed 
and the duration of the data acquisition was 8 
minutes, divided into eight sessions of 60 seconds. 
Retinal irritation was performed by an array of 61 
hexagonal elements that were displayed on a cath-
ode ray tube color monitor, driven at a frame of 75 
Hz. These hexagons were scaled in size (central 
hexagons are smaller than peripheral) to produce 
approximately the same signal intensity in all ar-
eas of the retina and each of their elements has a 
50% chance of being illuminated every time the 
frame changes. Each stimulus element flickered 
between black and white at a rate of 75 Hz, con-
trolled by a predetermined m-sequence. The fix-
ation point was located at the center (in a 20°-25° 

radius) and within a field of 40°-50° diameter, in 
order to include the blind spot. 

Applying the ring pattern, the mfERG stimuli 
location and anatomic areas corresponded rough-
ly as follows: ring 1 to the fovea (0°-2°) and ring 
2 to the parafovea (2°-7°). The responses were 
summed with increased eccentricity from the fo-
vea and the amplitude of the summed responses 
was divided by the total area of the hexagons in 
that ring. Cross-correlation between the m-se-
quence for a particular area and the single raw 
trace recording was performed. The stretch factor 
that was used was equal to 10.5, which is the most 
widely used figure. These averages give a more 
accurate view of the relative response densities 

of each group. The response amplitude per unit 
area or response density (nV/deg2) is the measure 
of expression and it appears the maximum value 
in the fovea. The mfERG recordings, consisting 
of the retinal response density (nV/deg2) and P1 
latency (ms), were evaluated in ring 1 and 2 of 
both eyes at the 1st and 2nd visit. The mean value of 
amplitude and latency for both eyes (in each visit) 
was used in statistical analysis.

Statistical Analysis
The statistical program IBM SPSS Statistics 

22.0 (IBM Corp. IBM SPSS Statistics for Win-
dows, Armonk, NY, USA) was used for the anal-
ysis. Descriptive analysis of all parameters was 
first carried out, while non-parametric analy-
sis Kolmogorov-Smirnov was used to check the 
normal distribution. The paired two-tailed t-test 
and the non-parametric Wilcoxon matched-pairs 
signed-rank test were used to calculate the signif-
icance of the mean differences between baseline 
values and those after the fish consumption. Bi-
variate correlation techniques were used to assess 
the relation between age, anthropometric and oc-
ular measurements. Linear mixed-effects models 
were used to detect any relation between the cen-
tral macular thickness and the mfERG recordings 
(amplitude). A p-value less than 0.05 was consid-
ered to indicate statistical significance.

Results

Anthropometric Measurements and 
Blood Profile

Eighteen healthy individuals (36 eyes) with 
mean age 45.3±8.7 years, including 8 males and 
10 females, participated in this study. The mean 

Table I. The data of retinal responses amplitudes (mfD, in nV/deg2) and latencies (mfT, in ms) at 1st and 2nd visit (after fish 
consumption), as recorded by mfERG. 
  Mean SD p

mf1D1 (nV/deg2) 225.667 129.943 <0.001
mf1D2 (nV/deg2) 267.806 118.448
mf1T1 (ms) 41.592 0.6196 0.292
mf1T2 (ms) 41.653 0.6328
mf2D1 (nV/deg2) 57.639 36.332 <0.001
mf2D2 (nV/deg2) 88.250 39.192
mf2T1 (ms) 39.903 22.614 <0.001
mf2T2 (ms) 39.617 20.972

SD = standard deviation; mf1D1 = amplitude in ring 1 at 1st visit; mf1D2 = amplitude in ring 1 at 2nd visit; mf1T1 = latency in 
ring 1 at 1st visit; mf1T2 = latency in ring 1 at 2nd visit; mf2D1 = amplitude in ring 2 at 1st visit; mf2D2 = amplitude in ring 2 
at 2nd visit; mf2T1 = latency in ring 2 at 1st visit; mf2T2 = latency in ring 2 at 2nd visit.
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BMI, as calculated in the 1st visit and 2nd visit, 
was 29.1±3.6 kg/m2 and 29.4±3.7 kg/m2, respec-
tively. No statistically significant difference was 
detected between the two measurements of BMI 
(p = 0.112). 

Visual Acuity Measurements
No significant differences in BCVA were ob-

served between the two visits (1st visit: 0.03±0.03 
logMAR, 2nd visit: 0.03±0.03 logMAR, Wilcoxon 
matched-pairs signed-rank test: p = 1.000). The 
visual acuity was significantly, positively and 
strongly correlated with age at both visits (Spear-
man’s correlations, 1st visit: r = 0.865, p < 0.001, 
2nd visit: r=0.865, p < 0.001). 

Evaluation of the Central Macular 
Thickness

The values (median ± SD) of CMT, as recorded 
by OCT for both eyes, seem to be reduced after 
8 weeks of fish consumption (1st visit: CMT1 = 
192.0±13.3 μm and 2nd visit: CMT2 = 188.4±9.2 
μm). A significant decrease in central macu-
lar thickness was found after the fish diet, but 
the CMT values remained within normal range 
(paired 2-tailed t-test: t(17) = 3.078, p = 0.007). 
Also, a significant, strong, and positive correla-
tion of CMT values between the two visits was 
noted (Pearson correlation, r = 0.969, p < 0.001). 
The central macular thickness at both visits were 
significantly, positively and moderately correlat-
ed with amplitude in ring 1 at 1st visit (Pearson 
correlation, CMT1-mf1D1: r = 0.487, p = 0.041, 
CMT2-mf1D1: r = 0.511, p = 0.030). 

Records of mfERG
The amplitudes of mfERG responses, which 

were elevated after the fish consumption, as well 
as the latencies of the responses for both rings (fo-
veal and parafoveal area), are displayed in Table 
I. The improved amplitudes of retinal responses 
were assessed to be statistically significant for 

both retinal areas (foveal and parafoveal area) 
after the fish consumption (paired 2-tailed t-test, 
ring 1: t(17) = -15.537, p < 0.001, ring 2: t(17) = 
-24.333, p < 0.001). On the other hand, the differ-
ences in latencies were not found to be significant 
between the two visits (paired 2-tailed t-test, ring 
1: t (17) = -1.087, p = 0.292, ring 2: t(17) = 0.808, 
p = 0.430). A significant, moderate, and positive 
correlation of amplitude in ring 1 values between 
the two visits was found (Pearson correlation, r = 
0.574, p = 0.013). Besides the observed alterations 
in retinal responses, all the values in both rings 
and at both visits were within normal range. 

A moderately significant equitation was found 
in Model 1, where the outcome variable was the 
amplitude in the foveal area after the fish con-
sumption and the explanatory variables were the 
amplitude in the foveal area at the 1st visit (mf1D2) 
and the central macular thickness at both visits 
(CMT1, CMT2). However, only mf1D2 was esti-
mated to be a significant predictor (Table II).

Discussion

Assessing the impact of fish consumption on 
macular morphology and function, we noted that 
the CMT was reduced after the fish consumption, 
but it remained within normal range. Moreover, the 
values of CMT in both visits were strongly correla-
ted, while they both related to amplitude in ring 1 
at 1st visit. Although the retinal responses were wi-
thin normal range at both visits, the amplitudes in 
the foveal and parafoveal area were increased after 
the fish consumption. The amplitudes at both visits 
were significantly correlated, while the amplitude 
in the foveal area after the fish diet was associated 
with the corresponding one at the 1st visit and the 
CMT at both visits. Our results are consistent with 
previous studies. It has been already referred that 
macular pigment optical density is positively corre-
lated with the plasma levels of omega-3 long-chain 

Table II. Association of the amplitudes between the retinal responses in the foveal area at 2nd visit (mf1D2) and the baseline amplitude 
(mf1D1), the baseline central macular thickness (CMT1) and the central macular thickness after the fish consumption (CMT2).

 Explanatory variables b coefficients p-value 95% CI

mf1D1 0.513 0.028 0.065-0.960
CMT1 -1.299 0.088 -2.820-0.223
CMT2 1.818 0.103 -0.417-4.053
Significance of regression equation  F (3,14) = 3.963, p = 0.031
R2  0.459

CI = confidence interval; CMT1 = central macular thickness at 1st visit; CMT2 = central macular thickness at 2nd visit; mf1D1 = 
amplitude in ring 1 at 1st visit; mf1D2 = amplitude in ring 1 at 2nd visit.
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ch evaluates the impact of fish consumption on 
macular structure and function of healthy indivi-
duals, based on OCT and mfERG recordings.

Conclusions

This is the first study in the literature which 
evaluates the impact of fish consumption on macu-
lar structure and function of healthy individuals, 
based on OCT and mfERG records. Although the 
number of the participants was small in our study, 
we concluded that the CMT was reduced, while 
the amplitudes of retinal responses were incre-
ased after the fish consumption. However, both 
macular thickness and retinal responses were 
within normal range. Furthermore, a significant 
correlation was found between the CMT and the 
amplitudes at the 1st visit, which disappeared after 
the fish consumption. Although more studies are 
needed to investigate the role of fish in the visual 
performance of healthy individuals, regular fish 
consumption seems to enhance the structural and 
functional status of the macula.
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