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Purpose: To assess the relationship between combined serum lutein and zeaxanthin (L+Z) 

concentration and macular pigment optical density (MPOD), and to investigate the effect of 

L+Z+docosahexaenoic acid (DHA) dietary supplementation on the spatial distribution of 

MPOD.

Methods: Twenty healthy fellow eyes with unilateral wet age-related macular degeneration 

or chronic central serous chorioretinopathy were included. All participants received a dietary 

supplement for 6 months that contained 20 mg L, 1 mg Z, and 200 mg DHA. The best-corrected 

visual acuity and contrast sensitivity (CS) were measured at baseline and at 1, 3, and 6 months. 

Serum L+Z concentrations were measured at baseline and at 3 months. MPOD was calculated 

at each time point using fundus autofluorescent images.

Results: Serum L+Z concentration was correlated with MPOD at 1°–2° eccentricity at baseline 

(r=0.63, P=0.003) and 3 months (r=0.53, P=0.015). Serum L+Z concentration increased by a 

factor of 2.3±1.0 (P,0.0001). At 6 months, MPOD was significantly higher compared to the 

baseline level at 0°–0.25° (P=0.034) and 0.25°–0.5° (P=0.032) eccentricity. CS improved after 

3 or 6 months of L+Z+DHA supplementation (P,0.05).

Conclusion: Juxtafoveal MPOD was associated with serum L+Z concentration. Foveal MPOD 

was increased by L+Z+DHA dietary supplementation.
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Introduction
The human eye contains a macular pigment concentrated at the center of the retina, 

which is thought to protect the retinal photoreceptors and retinal pigment epithelium 

(RPE) from photo-oxidative stress and optimize central vision by pre-receptoral filtra-

tion of blue light.1 The macular pigment is composed of hydroxyl carotenoids lutein 

(L), zeaxanthin (Z), and meso-zeaxanthin (MZ).2 L and Z are obtained from dietary 

intake of certain fruits and vegetables, egg yolks, or supplements,3,4 whereas MZ is 

converted from L. This conversion takes place in the retina.5 Docosahexaenoic acid 

(DHA) is a phospholipid found within the membranes of the outer segments of the 

retinal photoreceptors, and is considered to affect membrane permeability and fluidity, 

as well as properties of the lipid phase.6 Dietary supplements containing hydroxyl caro-

tenoids showed significantly positive effects on both macular pigment optical density 

(MPOD) and visual function, and DHA was found to enhance the augmentation of 

MPOD.7–9 Despite evidence that supplementation with L+Z successfully increases both 

the L+Z serum concentration and MPOD,10,11 it is still being debated whether there is 

an association between MPOD and serum L+Z.12–15 Some observational studies using 
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heterochromatic flicker photometry (HFP) have suggested a 

positive correlation between L+Z serum concentrations and 

MPOD.13,16,17 HFP is a psychophysical method to estimate 

MPOD, which involves “subjective matching” of a flicker 

target with alternating blue and green light stimuli.

Aside from HFP, one potential objective method for esti-

mating MPOD is quantification of the fundus autofluorescence 

(FAF).18 A previous study showed poor agreement between 

the MPOD measured with HFP and FAF.19 Using FAF, a 

previous study had shown no correlation between serum L+Z 

and central peak MPOD; however, juxtafoveal/perifoveal 

MPOD was not mentioned in the study.15 To the best of our 

knowledge, no study has yet investigated the spatial distribu-

tion of MPOD in relation to L+Z serum concentration.

Accordingly, the main aim of this study was to: 1) pro-

vide preliminary data on the potential relationship between 

L+Z serum concentration and the MPOD spatial distribution 

using FAF; 2) determine the effect of L+Z+DHA supplemen-

tation on MPOD. In the current analysis, we used the fellow 

eyes of patients with unilateral wet age-related macular 

degeneration (AMD) or chronic central serous chorioreti-

napathy (cCSC) because they are at high risk of developing 

wet AMD.20

Materials and methods
subjects
Subjects were selected among elderly patients (.56 years) 

with unilateral wet AMD or cCSC who were followed up at 

the retina clinic of the University of Tokyo Hospital. A total 

of 17 patients with unilateral wet AMD and 3 patients with 

unilateral cCSC (with no other ocular disease except for early 

AMD in the fellow eye) were enrolled in the study. Only 

healthy fellow eye was used in the current study and included 

for examinations after classification into AMD category 

1, 2, or 3 according to the criteria of the Age-Related Eye 

Disease Study Group.21 Exclusion criteria were as follows: 

1) eyes showing other ocular diseases such as high myopia 

(with a refractive error .−7.0 diopter), glaucoma, diabetic 

retinopathy, significant cataract that could interfere with 

the FAF images, and any other ocular diseases that might 

confound assessment of the ocular outcome measurements; 

2) individuals who had undergone intraocular surgery; 3) 

individuals with serious systemic disease such as heart fail-

ure, severe diabetes (hemoglobin A1c .8.0%), renal failure, 

symptomatic brain infarction, lipid metabolic diseases, and 

any neoplastic disease; 4) individuals taking supplements 

containing L and/or Z in the 3 months prior to the study; 

5) individuals who were unable to understand the details of 

the study and those for whom appropriate informed consent 

could not be obtained. The study was approved by the Insti-

tutional Review Board and the medical ethics committee of 

the University of Tokyo Hospital, and adhered to the tenets 

of the Declaration of Helsinki. All subjects provided written 

informed consent prior to enrollment.

All participants received a daily supplement of 20 mg L, 

1 mg Z, and 200 mg DHA for 6 months. This supplement is 

available commercially under the name Sante Lutax 20 plus 

DHA (Santen Pharmaceutical, Osaka, Japan). The supple-

ment included both DHA and L+Z because previous studies 

have indicated that supplements containing omega-3 fatty 

acids such as DHA conferred a benefit of increasing MPOD 

or preventing wet AMD.7,9 The supplement does not contain 

MZ. Best-corrected visual acuity (BCVA), contrast sensi-

tivity (CS), and MPOD in the study eye were measured at 

baseline and at 1, 3, and 6 months after the initiation of daily 

supplement intake. Serum concentrations of combined L+Z 

were measured at baseline and at 3 months after initiation. We 

could not measure serum L and Z levels separately because 

the high-performance liquid chromatography (HPLC) system 

could only measure their combined concentration. Supple-

ment intake compliance was confirmed by counting the empty 

supplement packages at each visit.

Measurement of MPOD
MPOD was estimated by analyzing the FAF images. The 

macular pigment absorbs light at wavelengths ,550 nm, with 

peak absorption at 460 nm.22 In FAF imaging, the blue excita-

tion light is partially absorbed by the macular pigment, reach-

ing the RPE where it excites lipofuscin, resulting in emitted 

green light. Thus, eyes with more macular pigment will show 

a lower intensity of emitted autofluorescence light.

FAF images were recorded using a confocal scanning laser 

ophthalmoscope (Heidelberg Retinal Angiograph, HRA2; 

Heidelberg Engineering, Heidelberg, Germany). The optical 

and technical principles of the HRA2 ophthalmoscope have 

been described previously.23 This instrument uses blue laser 

light at 488 nm for excitation and a barrier filter wavelength 

of 500 nm to record the emitted light precisely. For quanti-

fication, a 6,000×6,000 μm2 area of the obtained FAF image 

centered on the fovea was processed on a 324×324-pixel 

square grayscale bitmap image, and the gray values were 

measured for each pixel. Commercially available numerical 

computing software (MATLAB R2009a, MathWorks, 

Natick, MA, USA) was used for image analysis.
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Details of the principles and methods used to calculate 

MPOD using the FAF method are described elsewhere.18,24 

We used the one-wavelength method, which employs blue 

excitation light only, rather than the two-wavelength method, 

which requires both blue and green excitations. We chose this 

method because green excitation light was not available with 

the instrument used in this study; a previous report comparing 

one- and two-wavelength methods showed good agreement 

between the results and high repeatability.24 In brief, the 

upper and lower limits of the gray values were defined from 

all 324×324 pixels of each FAF image. Next, we stretched 

the pixel values between these limits to standardize the FAF 

intensities for comparison. The lower limit was determined 

by the gray value of the darkest pixel of the entire image. 

These pixels were localized over a retinal blood vessel in all 

cases. The upper limit was determined by the gray value of the 

brightest pixel. We then subtracted the lower limit value from 

all pixels because the autofluorescent intensity of the blood 

vessels should be zero. The subtracted gray values inside the 

circle of 0.25° eccentricity, and those of the annular zone within 

0.25°–0.5°, 0.5°–1°, 1°–2°, and 7° eccentricity were averaged, 

and the mean gray value (I) was calculated separately for each 

zone as I
0.25°, I0.5°, I1°, I2°, and I

7°, respectively (Figure 1). Here, 

I
7° was used as a reference in MPOD calculations because it 

was previously shown that the macular pigment spatial profile 

generally reaches a plateau at eccentricities .4°, and 6° or 7° 

eccentricity was used as a reference in previous studies.24,25

MPOD in each area was defined as follows, according 

to Trieschmann et al:24
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where K(488) is the known extinction coefficient of the 

macular pigment at 488 nm relative to the extinction coeffi-

cient at 460 nm22 and is reportedly equal to 0.781.24 Therefore, 

each MPOD value at each eccentricity was generated based 

on the ratio calculated within one eye.

Contrast sensitivity
CS was measured with a CSV-1000E Contrast Testing Instru-

ment (Vector Vision, Greenville, OH, USA) at a distance of 

2.4 m under standard brightness (85 cd/m2). This test consisted 

°

°

°

°
°

Figure 1 Schematic diagram of macular pigment optical density measurements taken using fundus autofluorescence images.
Notes: First, the lowest gray value in the entire image was subtracted from the gray values of all pixels. next, the subtracted gray values inside the circle of 0.25° eccentricity, 
and the annular zone within 0.25°–0.5°, 0.5°–1°, 1°–2°, and 7° eccentricity were averaged to obtain the mean gray values of I0.25°, I0.5°, I1°, I2°, and I7°, respectively.
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of the following four spatial frequencies: 3, 6, 12, and 

18 cycles per degree (cpd). If the eye showed refractive error, 

refractive correction was performed during the CS test.

Measurement of serum l+Z levels
Peripheral blood samples were collected from each patient at 

baseline and at 3 months after initiation of supplement intake. 

The samples were collected in 6-mL serum separator tubes 

and protected from direct light exposure during processing. 

Shortly afterward, the serum was separated by centrifuga-

tion at 1,500× g for 15 min at room temperature, distributed 

among cryovials, and shipped on dry ice to a commercial 

clinical laboratory testing company (SRL, Tokyo, Japan). 

HPLC was used to quantify the combined serum concentra-

tion of L and Z. The principles and details of HPLC have 

been described elsewhere.11,26

statistical analyses
The paired t-test was used to compare differences in MPOD at 

baseline and at each time point after initiation of the study. The 

Wilcoxon signed-rank test was used to compare differences 

in non-parametric values such as CS at baseline and at each 

time point. The Pearson product-moment correlation coeffi-

cient was used to quantify the correlation between L+Z serum 

concentrations and MPOD values at each eccentricity.

Results
Baseline characteristics
The mean age ± SD of the subjects (14 men, 6 women) was 

66±4 years, ranging from 57 to 71 years. The study eye was 

the right eye in 10 cases and the left eye in 10 cases; 12 were 

fellow eyes of cases with unilateral polypoidal choroidal 

vasculopathy, 5 were fellow eyes of unilateral typical AMD, 

and 3 were fellow eyes of cCSC. Ten (50%), 8 (40%), and 

2 (10%) of all study eyes were classified as AMD categories 

1, 2, and 3, respectively. No geographic atrophy was observed 

in any of the study eyes. The mean spherical equivalent of all 

study eyes was −0.21±2.39 diopter, and the mean logMAR of 

BCVA was −0.06±0.04 (Snellen equivalent: 20/17).

Correlation between serum l+Z and 
MPOD
There was no significant correlation between the combined 

L+Z serum concentration and MPOD
0.25°, MPOD

0.5°, or 

MPOD
1°; however, there was a significant positive correlation 

between the serum L+Z concentration and MPOD
2°, both at 

baseline and at 3 months after supplement initiation (r=0.63, 

P=0.003; and r=0.53, P=0.015, respectively) (Figure 2).

effect of l+Z+Dha supplementation
No subject dropped out during the 6-month study period, 

and the absolute supplemental intake compliance was 92%. 

Although the BCVA remained unchanged throughout 

the study (mean ± standard deviation (SD) of logMAR 

was −0.06±0.04, −0.08±0.04, and −0.07±0.06 at 1, 3, and 

6 months, respectively), CS at 6 cpd was significantly ele-

vated at 3 and 6 months after initiation (P=0.005 and 0.02, 

respectively), and CS at 18 cpd was significantly elevated at 

6 months after initiation (P=0.038) (Figure 3). The mean ± 

SD of combined serum L+Z concentration at 3 months after 

Figure 2 Correlation between combined serum l+Z concentration and juxtafoveal MPOD.
Notes: The serum concentration of l+Z was significantly and positively correlated with MPOD at 1°–2° eccentricity (MPOD2°), both at baseline (A; r=0.63, P=0.003) and at 
3 months after initiation of supplemental intake (B; r=0.53, P=0.015).
Abbreviations: DU, density units; l+Z, lutein + zeaxanthin; MPOD, macular pigment optical density.
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initiation (142±72 μg/dL) significantly increased compared 

with the baseline level (70±49 μg/dL), representing an 

increase of 2.3±1.0 fold (P,0.0001). MPOD
0.25° and MPOD

0.5° 

were significantly increased at 6 months after initiation 

(P=0.034 and 0.032, respectively). However, there was no 

change observed at any time point compared with the baseline 

at .0.5° eccentricity (MPOD
1° and MPOD

2°) (Figure 4).

Discussion
In this study, we have provided the first report of a sig-

nificant positive correlation between serum L+Z and jux-

tafoveal MPOD (MPOD
2°), but not central foveal MPOD 

(ie, MPOD
0.25°, MPOD

0.5°, or MPOD
1°) in the fellow eyes 

of unilateral AMD or cCSC patients, confirming previous 

reports.14,15 Although intraretinal L+Z is transported to the 

foveal center through systemic circulation, MZ is not present 

in human serum.2 On the other hand, retinal MZ is produced 

primarily by isomerization of retinal L, as demonstrated by an 

experiment using primate retinas.5 Of all the carotenoids that 

make up the macular pigment, Z and MZ are predominant 

in the foveal region, with L predominant in the parafoveal 

region.27,28 Therefore, the results of the current study may 

indicate that interindividual variation in the serum com-

bined L+Z level is largely correlated with the juxtafoveal 

L concentration.

In contrast, MPOD in the central fovea (MPOD
0.25° and 

MPOD
0.5°), but not the juxtafoveal MPOD (MPOD

1° and 

MPOD
2°), was found to increase following oral supplemen-

tation of L+Z+DHA. Of note, the supplement we used in 

the current study did not contain MZ. Thus, the observed 

change in the macular pigment might indicate that increas-

ing the combined serum L+Z level by supplementation could 

induce accumulation of foveal MZ, whereas concentration 

of parafoveal L remains relatively stable. We speculate that 

parafoveal or juxtafoveal L might change much more slowly 

in response to the serum L+Z concentration compared to 

foveal MZ, although longer follow-up study is needed to 

prove this hypothesis.

Variations in the spatial profiles of MPOD obtained by 

the FAF method have been investigated in previous studies 

and were generally classified into two patterns.18,29 The first 

is characterized by the typical single central peak of MPOD, 

and the other shows an atypical ring-like pericentral peak. 

A study demonstrated that 8 weeks after subjects with an 

atypical spatial profile were provided with macular caro-

tenoid supplementation, only central, and not pericentral, 

MPOD showed a statistically significant increase after 

supplementation.30 Although this atypical ring-like pattern 

was not observed in this study, our results are generally 

compatible with their results.

The macular pigment is considered to enhance good 

visual performance, including CS, by reducing chromatic 

aberrations and the “blue haze” caused by small particles in 

the atmosphere.31 In the current study, significant increases 

in CS were observed at spatial frequencies of 6 and 18 cpd 

after L+Z+DHA supplementation, consistent with previ-

ous studies showing positive effects of L+Z or L+Z+MZ 

supplementation on CS.10,32–34 These findings have potentially 

important implications with respect to the preservation of 

visual performance in individuals with AMD because low CS 

is highly predictive of poor vision.32 Scattered light mainly 

due to short-wavelength light is a primary cause of glare 

vision. It is generally considered that a significant amount of 

short-wavelength light, with a peak absorbance at 460 nm, 

Figure 3 Change in contrast sensitivity with l+Z+Dha dietary supplementation.
Note: *Indicates a significant change from baseline (Wilcoxon signed-rank test, P,0.05).
Abbreviations: Dha, docosahexaenoic acid; l, lutein; Z, zeaxanthin.

° °

° °

Figure 4 Change in MPOD with lutein + zeaxanthin dietary supplementation.
Note: *Indicates a significant change from baseline (paired t-test, P,0.05).
Abbreviations: DU, density units; MPOD, macular pigment optical density.
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is screened out by the macular pigment before the incoming 

light reaches the foveal photoreceptors, and increased macu-

lar pigment is associated with reduced scattering. This study 

also supports this hypothesis by showing improvement in CS 

with concomitant increase in central foveal MPOD.

The L+Z supplement used in the current study also 

contained 200 mg DHA, an ingredient deemed important 

not only for normal metabolism of the photoreceptor outer 

segments but also for increasing MPOD. A previous study 

of DHA supplementation showed that DHA intake could 

increase the high- and low-density lipoprotein subfractions 

in the serum.35 Given that the transport of carotenoids is 

carried out by lipids such as high-density lipoprotein,36 

DHA supplementation could increase transport to the retina, 

subsequently increasing MPOD.

Limitation
One of the limitations of our current study is that the effects 

of L, Z, and DHA on changes in MPOD and CS were not 

identified separately. To evaluate the effects of each com-

ponent, additional studies using L and Z supplements alone 

and a combined L+Z supplement compared with DHA 

would be desirable. In addition, use of a more specific 

experimental device to measure the serum concentration 

of L and Z separately would also be recommended. The 

relatively small number of participants in the current study 

is another limitation worth mentioning; however, this was 

conducted as a pilot study to preliminarily examine the 

relationship between serum L+Z and MPOD and the effect 

of dietary L+Z+DHA supplementation on MPOD and CS 

improvement in the elderly population. It might be difficult 

to conclude a definite association between the serum L+Z 

and juxtafoveal MPOD due to the presence of an outlier (with 

highest concentration of serum L+Z) at baseline; however, a 

significant correlation between serum L+Z and juxtafoveal 

MPOD was also shown at the time point of 3 months after 

the supplement intake. Therefore, we assume that interindi-

vidual variability of serum L+Z correlates with juxtafoveal 

MPOD. Nevertheless, the study protocol was well planned 

and compliance with supplemental intake was good (.90% 

overall). Furthermore, no subjects were lost to follow-up 

during the 6-month study period.

Conclusion
In conclusion, this study showed positive effects of 

L+Z+DHA supplementation on MPOD and CS, and a posi-

tive correlation between serum concentrations of L+Z and 

juxtafoveal MPOD. Only foveal MPOD changed in response 

to supplementation.
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