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ABSTRACT

Background: To evaluate the macular pigment optical density (MPOD) with age in the 
Korean population using the Macular Pigment Screener II (MPSII®).
Methods: One hundred and twenty-six eyes were retrospectively reviewed. MPOD was 
measured using MPSII®, which uses a heterochromatic flicker photometry method, and the 
estimated values were analyzed. Spearman's correlation test was used to evaluate correlations 
between MPOD and age. The association between MPOD and age was determined using 
a simple linear regression analysis. MPODs among the four groups were compared via the 
post hoc analysis with Bonferroni correction, MPODs between the age-related macular 
degeneration (AMD) group and aged-matched healthy subjects were compared via the Mann-
Whitney U test. Other risk factors for AMD were identified via a logistic regression analysis.
Results: Estimated MPOD decreased significantly with increasing age in the general 
population. In the simple regression analysis, a statistically significant linear regression 
model was observed, and the estimated values of MPOD decreased by −0.005 as age 
increased by 1 year. Aged (> 50 years) showed lower MPOD than younger (30–49 years) 
subjects. But, in the healthy population, the estimated MPOD values exhibited a decreasing 
trend with age, but there were no significant differences according to age, after excluding 
patients with AMD. MPOD was significantly lower in patients with AMD than in aged healthy 
controls. Furthermore, hypertension, dyslipidemia, and smoking were identified as risk 
factors for AMD.
Conclusion: MPOD measured with MPSII® reflects the MP density in healthy individuals and 
patients with dry AMD. Aging was not significantly associated with low MPOD in healthy 
population, but the presence of dry AMD was significantly associated with low MPOD. Then, 
low MPOD may be a risk factor for development of dry AMD. Furthermore, routine screening 
with MPS II® for ages 50 and older is thought to help detect early low MPOD and identify 
individuals who should take supplements.
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INTRODUCTION

Age-related macular degeneration (AMD) is a leading cause of legal blindness among elderly 
individuals in industrialized countries.1 Although the pathogenesis of AMD remains poorly 
understood, the mechanisms believed to be causative include genetic factors, cumulative 
light damage, free radical injury, and hemodynamic processes.2-4 At least in part, the putative 
role of all of these processes can be attributed to oxidative retinal injury.5 The macular 
pigment (MP) is composed of the hydroxy-carotenoids lutein, zeaxanthin, and meso-
zeaxanthin; it is concentrated at the center of the retina and decreases rapidly with increasing 
eccentricity.3 MP is thought to protect the retinal photoreceptors and retinal pigment 
epithelium primarily via its antioxidant properties and role as a filter for short wavelength 
blue light; and is believed to play a beneficial role in visual performance.6-10 Therefore, it has 
been demonstrated that healthy individuals with higher MPs experience less disability glare 
and demonstrate better photo-stress recovery times.8,9

Currently, MP is studied mainly because of the proposed link between low levels of macular 
pigment optical density (MPOD) and an increased risk of developing AMD.3,11 MP protects 
against AMD,12 and the Eye Disease Case-Control Study (EDCC) reported that a high dietary 
intake and high serum levels of lutein and zeaxanthin were associated with a reduced 
risk of developing AMD.13 Furthermore, reduced concentrations of lutein and zeaxanthin 
have been demonstrated in the macula and whole retina of human donor eyes with early 
AMD compared with control subjects.14 Previous reports have described that dietary 
supplementation of carotenoids can increase MPOD,15 which has been shown to be positively 
correlated with MPOD in healthy subjects and also increase MPOD in AMD patients. Thereby, 
they elicit an improvement in visual function including visual acuity, contrast sensitivity, and 
subject glare recovery.16,17 Thus, measurements of MPOD may be beneficial in evaluating the 
risk of AMD and the treatment effects of oral supplementation of carotenoids.

The macular pigment screener II (MPSII®; Elektron Eye Technology, Cambridge, UK), which 
is based on heterochromatic flicker photometry (HFP), is now commercially available. In 
this method, the difference in the intensities of blue (absorbed by the MP) and green (not 
absorbed by the MP) wavelengths of flickering light, which can be recognized in the fovea 
(where MPs accumulate) and para-fovea (where MPs are more scarce), are measured to 
estimate the level of macular pigment that blocks the blue wavelength of light and increases 
the threshold to recognize blue light by photoreceptor cells. Subtraction of the para-foveal 
threshold from the foveal threshold is performed to approximate MPOD.

Previous studies have reported that the estimated MPOD value obtained by MPSII® is 
applicable to not only healthy individuals but also subjects with AMD.18 Ozawa et al.18 
reported that measurements of MPOD using MPSII® may be crucial to better understand the 
role of MP in the pathogenesis of AMD.

However, to the best of our knowledge, changes in MPOD using MPSII® according to age 
have not yet been investigated, and there have been no reports on the differences in MPOD 
obtained by MPSII® according to the presence and absence of AMD in the Korean population. 
In the present study, we analyzed the changes in MPOD measured by MPSII® according to 
age, and analyzed the differences in MPODs according to the presence or absence of AMD in 
the Korean population.
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METHODS

Subjects
The retrospective review of medical records was performed in the Department of 
Ophthalmology of Busan Paik Hospital (Busan, Korea) with data collected from November 
2018 to January 2019. The subjects were not included if they had a history of glaucoma, 
uveitis, diabetic retinopathy (diabetic patients without diabetic retinopathy were included), 
or neovascular AMD. Other exclusion criteria were the presence of media opacity or vitreous 
opacity that would prevent the examination of the retina and optical coherence tomography 
(OCT) imaging, and a history of prior laser treatment or vitrectomy surgery. We excluded the 
subjects who underwent cataract surgery within a year. The eyes with high myopia (> −6.00 
diopter or an axial length over 26 mm) were also excluded.

We randomly selected a single eye from the subjects who did not meet the exclusion criteria. 
And then, the subjects were divided into four groups according to age: Group 1, 30–39 years; 
Group 2, 40–49 years; Group 3, 50–59 years; and Group 4, 60–79 years. In addition, subjects 
aged > 50 years were further divided into two subgroups according to the presence of dry 
AMD (early or intermediate AMD).19 Each group was further used for statistical analysis.

A detailed ophthalmologic examination, which included a measurement of the best-corrected 
visual acuity (BCVA), slit-lamp examination, and fundus examination, was performed. All 
subjects underwent additional examinations using a retinal camera (Topcon TRC 50DX, 
Topcon Corporation, Tokyo, Japan), Optos California® (Optos PLC, Dunfermline, Scotland, 
UK), and OCT using a Zeiss OCT system (Cirrus HD-OCT 5000, Carl Zeiss Meditec Inc., 
Dublin, CA, USA) to evaluate their retinal status.

The estimated values of MPOD were measured using the MPSII® macular densitometer, 
which uses an HFP technique. The mechanism of estimating MPOD with MPSII® has been 
addressed elsewhere.20,21 The stimulus consists of blue light wavelength (465 nm) and 
green light wavelength (530 nm). The light target has a circular aperture with 1° in diameter; 
then, we can obtain MPOD with this instrument from the 0.5° (ca 150 μm) around foveal 
center.20 The subjects were asked to focus on a light target and to respond to the flickering 
by pushing a button on the machine immediately. The measurement was performed before 
pupil dilation, and when measurement errors were obtained twice, the result was recorded 
as non-measurable and subsequently the subjects were excluded. Before the measurement, 
information of the phakic eye or pseudophakic eye was entered, and the year of the cataract 
surgery was entered for subjects with pseudophakic eyes.

Statistical analysis
The data were analyzed using SPSS ver. 21.0 (IBM Corp., Armonk, NY, USA), and all results 
were expressed as the mean ± standard deviation. Spearman's correlation test was used to 
evaluate the correlations between the MPOD and age. A simple linear regression analysis was 
performed to determine the association between MPOD and age. The post hoc analysis with 
Bonferroni correction was used to compare MPODs among the four groups, and the Mann-
Whitney U test was utilized to compare MPODs between the dry AMD group and the elderly 
controls. Moreover, the effects of diabetes mellitus, hypertension, dyslipidemia, and smoking 
on MPOD were analyzed using a logistic regression analysis. A P value of < 0.05 was accepted 
as statistically significant.
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Ethics statement
Approval for data collection and analysis was obtained from the Institutional Review Board 
at Busan Paik Hospital, Inje University (approval No. 19-0024), and the requirement for 
individual consent was waived due to retrospective study. This study was performed in 
adherence with the tenets of the Declaration of Helsinki.

RESULTS

A total of 126 eyes of 126 individuals (51 men, 75 women; aged 30–79 years; mean age, 56.15 
± 12.33 years) were included. Among the subjects, 19 eyes (15%) were included in Group 1 
(30–39 years of age), 17 eyes (13%) were included in Group 2 (40–49 years of age), 41 eyes 
(33%) were included in Group 3 (50–59 years of age), and 49 eyes (39%) were included in 
Group 4 (60–79 years of age). There were no statistically significant differences in the mean 
BCVA among the groups (P = 0.032). The baseline characteristics of the individuals are 
summarized in Table 1.

The mean estimated MPOD values measured by MPSII® of all subjects was 0.59 ± 0.20, 0.72 
± 0.08 in Group 1, 0.70 ± 0.09 in Group 2, 0.60 ± 0.17 in Group 3, and 0.57 ± 0.23 in Group 
4. Groups 1 and 2 exhibited higher estimated MPOD values compared to Groups 3 and 4 
(Bonferroni correction). There were no significant differences between Groups 1 and 2 (Mann-
Whitney U test, P = 0.528), or between Groups 3 and 4 (Mann-Whitney U test, P = 0.641). 
The details of each group are described in Tables 2, 3, and Fig. 1. According to Spearman's 
correlation analysis, the MPOD significantly decreased with increasing age (Spearman's 
correlation coefficient, −0.239; P = 0.008). In the simple regression analysis, a statistically 
significant linear regression was observed, and the estimated values   of MPOD decreased by 
0.005 as the age increased by 1 year (P = 0.001, estimated MPOD value = 0.884 − 0.005 × age) 
(Figs. 2 and 3).

After confirming that the MPOD was significantly decreased in subjects over 50 years of age, 
the changes in MPOD according to age were analyzed again, except for patients over 50 years 
of age with dry AMD who had drusen on the macula. After that, the Groups 3 and 4 were 
renamed "healthy Group 3” and “healthy Group 4,” respectively. Subsequently, 14 eyes (34%) 
of Group 3 and 26 eyes (53%) of Group 4 had drusen, and 27 eyes (66%) of Group 3 were 
included in healthy Group 3, and 23 eyes (47%) of Group 4 were included in healthy Group 
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Table 1. Baseline characteristics of all subjects
Groups No. of eyes Lens status  

(Phakic/pseudophakic)
Age, yr BCVA (LogMAR)

Group 1 19 (15) 19/0 34.80 ± 2.60 0.00 ± 0.00
Group 2 17 (13) 17/0 46.44 ± 2.45 0.00 ± 0.00
Group 3 41 (33) 25/16 56.63 ± 2.69 0.10 ± 0.02
Group 4 49 (39) 18/21 67.90 ± 4.73 0.22 ± 0.07
Data are presented as number (%) or mean ± standard deviation.
BCVA = best-corrected visual acuity, Group 1 = 30–39 years of age, Group 2 = 40–49 years of age, Group 3 = 50–59 
years of age, Group 4 = 60–79 years of age.

Table 2. The differences of the estimated values of the MPOD
Variables Group 1 Group 2 Group 3 Group 4
Estimated MPOD values 0.72 ± 0.08 0.70 ± 0.09 0.60 ± 0.17 0.57 ± 0.23
MPOD = macular pigment optical density, Group 1 = 30–39 years of age, Group 2 = 40–49 years of age, Group 3 = 
50–59 years of age, Group 4 = 60–79 years of age.
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4. In Groups 1 and 2, there was no significant lesion of the macula. The estimated values of 
MPOD then exhibited a decreasing trend with increasing age, but there were no statistically 
significant differences among the four groups (Tables 4 and 5). An analysis using Spearman's 
correlation test and simple regression analysis was also performed. As a result of Spearman's 
correlation analysis in healthy subjects, there was no statistically significant correlation 
between MPOD and age (P = 0.201).

To compare the MPOD in patients with dry AMD and in healthy controls, subjects aged > 50 
years were categorized as patients with dry AMD and healthy controls. The mean estimated 
MPOD values that were measured by MPSII® were 0.69 ± 0.18 in the healthy controls and 0.55 
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Table 3. Statistical comparisons by Bonferroni correction were described for each group
Group (I) Group (J) Mean difference (I–J) Standard error Significance 95% CI

Lower bound Upper bound
Group 1 Group 2 0.02083 0.06322 1.000 −0.1488 0.1905

Group 3 0.11983 0.05222 0.032a −0.1293 0.1300
Group 4 0.15646a 0.05086 0.016a 0.0200 0.2929

Group 2 Group 1 −0.02083 0.06322 1.000 −0.1905 0.1488
Group 3 0.09900 0.05443 0.041a −0.0071 0.0851
Group 4 0.13563 0.05312 0.029a −0.0069 0.1182

Group 3 Group 1 −0.11983 0.05222 0.032a −0.1300 0.1293
Group 2 −0.09900 0.05443 0.041a −0.0851 0.0071
Group 4 0.03662 0.03939 1.000 −0.0691 0.1423

Group 4 Group 1 −0.15646a 0.05086 0.016a −0.2929 −0.0200
Group 2 −0.13563 0.05312 0.029a −0.1182 0.0069
Group 3 −0.03662 0.03939 1.000 −0.1423 0.0691

Group 1 = 30–39 years of age, Group 2 = 40–49 years of age, Group 3 = 50–59 years of age, Group 4 = 60–79 years of age, CI = confidence interval.
aStatistically significant difference among the groups.
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Fig. 1. Groups 1 and 2 exhibited higher estimated MPOD values compared to Groups 3 and 4 (Bonferroni 
correction). Group 1, 30–39 years of age; Group 2, 40–49 years of age; Group 3, 50–59 years of age; Group 4, 
60–79 years of age. 
MPOD = macular pigment optical density.
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± 0.17 in patients with dry AMD. The estimated MPOD values in the patients with dry AMD 
were significantly lower than those in the healthy controls (Mann-Whitney U test, P = 0.001).
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Fig. 2. In the simple regression analysis, a statistically significant linear regression was observed, and the 
estimated values of MPOD decreased by 0.005 as the age increased by 1 year (P = 0.001, estimated MPOD value = 
0.884 − 0.005 × age). 
MPOD = macular pigment optical density.
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Fig. 3. Scatterplot showing the correlation between the expected changes in MPOD and the age by simple 
regression analysis. 
MPOD = macular pigment optical density.

https://jkms.org


Additionally, a logistic regression analysis was performed to evaluate the effect of diabetes 
mellitus, hypertension, dyslipidemia, and smoking on the reduction of MPOD and the 
occurrence of dry AMD. A logistic regression analysis was performed to identify significant 
predictors of dry AMD or reduction in MPOD in the presence of hypertension (odds ratio 
[OR], 1.42; 95% confidence interval [CI], 0.67–1.70], dyslipidemia (OR, 2.01; 95% CI, 
1.10–1.84), and smoking history (OR, 2.74; 95% CI, 1.91–3.91). However, diabetes mellitus 
showed no statistically significant association with decreases in MPOD or occurrence of dry 
AMD (Table 6). Because the present study included diabetic patients whose glucose level 
had been well controlled (hemoglobin A1c [HbA1c] < 7.5), no significant correlation was also 
found between HbA1c and MPOD (Spearman's correlation analysis, P = 0.351).

DISCUSSION

MP may protect against AMD because of its capability to absorb blue light and scavenge 
free radicals.22 Because the MP is entirely of dietary origin, a protective effect would have 
important health care implications.23 A preventive approach involving micronutrient 
supplementation based on the results from large clinical studies, including the Age-related Eye 
Disease Study (AREDS) and AREDS2, is currently attracting attention.24,25 Measuring MP to 
diagnose subjects who need nutritional supplements may be important in preventing AMD.

There are several methods to measure MPOD including fundus reflectance spectroscopy, 
scanning laser ophthalmoscope, and HFP, all of which have been demonstrated to have significant 
bivariate correlation coefficients.22 Among these methods, HFP is the most widely used method 
of assessing MPOD.22 A small visual stimulus emits alternating light of two different wavelengths, 
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Table 4. The differences of the estimated values of the MPOD in the Groups 1, 2, Healthy groups 3 and 4
Variables Group 1 Group 2 Healthy group 3 Healthy group 4
Estimated value of the MPOD 0.72 ± 0.08 0.70 ± 0.09 0.64 ± 0.16 0.61 ± 0.25
There were no statistical differences among the four groups (Kruskal-Wallis test, P = 0.379).
MPOD = macular pigment optical density, Group 1 = 30–39 years of age, Group 2 = 40–49 years of age, Group 3 = 
50–59 years of age, Group 4 = 60–79 years of age.

Table 5. Statistical comparisons by Mann-Whitney U test were described for each group
Intergroup differences Group 1 Group 2 Healthy group 3 Healthy group 4
Group 1 N/A 0.528 0.083 0.298
Group 2 0.528 N/A 0.195 0.412
Group 3 0.083 0.195 N/A 0.738
Group 4 0.298 0.412 0.738 N/A
Group 1 = 30–39 years of age, Group 2 = 40–49 years of age, Group 3 = 50–59 years of age, Group 4 = 60–79 years 
of age, N/A = not applicable.

Table 6. OR (95% CI) for predictors of reduction of MPOD and occurrence of dry AMD among subjects older than 
50 years old
Variables Dry AMD patients

Adjusted OR 95% CI P value
Diabetes mellitus 1.07 0.67–1.70 0.743
Hypertension 1.42 1.10–1.84 0.047a

Dyslipidemia 2.01 1.61–2.51 0.021a

Smoking 2.74 1.91–3.91 0.008a

OR = odds ratio, CI = confidence interval, MPOD = macular pigment optical density, AMD = age-related macular 
degeneration.
aStatistically significant using logistic regression analysis.
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blue light that is absorbed by the MP, and green light which is not absorbed by the MP in the 
retina.26,27 MP has its peak at fovea and decreases with eccentricity, and flicker-based techniques 
typically use a central and peripheral measurement point. The peripheral measurement is used as 
a reference point for the central measurement and is assumed to be zero.

In the era of MPSII®, the reliability of MPSII® as well as the correlation between the absolute 
value and the estimated value of MPSII® have been reported. Obana et al.21 demonstrated that 
using MPSII®, intraclass correlation coefficients (ICC) of the estimated and absolute values 
were almost perfect (ICC: 0.75, 0.80). The mean estimated and absolute MPODs did not 
differ significantly (P = 0.427, paired t-test) and the Pearson correlation coefficient between 
the estimated and absolute MPODs were significant (P < 0.001). Additionally, Ozawa et al.18 
reported that there were significant correlations between both values in all subjects: young 
healthy subjects, aged healthy subjects, AMD-fellow and AMD subjects. Furthermore, both 
values were measurable in 100% of the eyes in young healthy patients; however, in the aged 
groups, absolute MPOD values were measurable in only 56.7% of patients, while estimated 
values were measurable in 88.3% of patients in their study. In contrast, estimated values of 
MPOD using MPSII®, for which the influence of cataract and statue of intraocular lens was 
mitigated, may be more useful for evaluating MPOD over all ages with or without AMD. 
Additionally, MPSII® was previously validated mainly in a white population20 and in an Asian 
population with pigmented skin, especially in Japan.21

In the present study, we also studied MPS, which can be used to measure MPOD regardless of 
age or AMD. We demonstrated the changes in MPOD according to age from 30 to 79 years and 
the difference in MPOD according to the presence of dry AMD in subjects over 50 years of age.

Previously, the mean absolute MPOD of more than 5,000 participants was reported to be 
0.33 ± 0.19 in patients aged 20 to 60 years, most of whom appeared to be Caucasians from 
the Netherlands.20 Abell et al.28 reported that the mean absolute MPOD in an Australian 
population was 0.41 ± 0.20. The mean estimated MPODs with MPSII® in our study subjects 
was 0.59 ± 0.20, which was higher than those of previous studies. However, unlike the 
Western reports, MPOD studies on Asian populations have demonstrated that Asians tend 
to have higher MPODs than Caucasian populations.29 MPOD measurements in the Japanese 
population showed high values both in absolute MPOD (0.63 ± 0.18) and estimated MPOD 
(0.64 ± 0.17) compared to a previous study with Caucasian populations. These results 
suggest that the differences in MPOD were influenced by the ethnic differences. Our MPOD 
measurement of the Korean population was also similar to the estimated values of Asian 
populations, supporting our assumption that MPOD differs according to race. However, 
there has been no inter-racial study comparing MPODs, and a large-scaled study including 
different races is warranted to confirm the differences of MPODs between the ethnicities.

We found that significantly lower MPODs were observed in the population aged ≥ 50 years of 
age than in the population aged < 50 years of age, and a negative correlation was indicated by 
Spearman's correlation analysis. However, there was no significant decrease in MPOD with 
age among healthy subjects after excluding AMD patients. To analyze the correlation between 
AMD and MPOD in patients older than 50 years, the MPOD was significantly lower in the 
subjects with AMD compared to the subjects without AMD.

In 2000, Hammond and Caruso–Avery reported a statistically significant inverse relationship 
between the optical density of MP and age.30 However, most other studies that used HFP 
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found no age effect.31-33 Ciulla and Hammond34 have reported that MPOD decreases with 
age, even in subjects with cataracts and AMD. In a recent study, Ozawa et al.18 demonstrated 
that there was no significant change in MPOD with age in healthy subjects, and there was 
a significantly lower MPOD in the eyes with AMD and AMD-fellow eyes compared with 
aged healthy eyes. In the current study, the reason for the significant decrease in MPOD in 
patients older than 50 years was thought to be the inclusion of patients with AMD. Except for 
AMD patients, there was no significant difference in MPOD with age, consistent with most 
previous studies. Among the subjects aged 50 years or older, patients with AMD showed 
significantly lower MPODs compared to heathy controls, which was also consistent with 
other previous reports.

Recently, there is a growing interest in the potential role of MP including lutein and 
zeaxanthin. MP protects the macula from photooxidation via its light-screening capacity and 
antioxidant activity35 to help prevent the development and progression of AMD. And, based 
on the results of this study, patients with dry AMD showed a significant lower MPOD, which 
meant that the patients lost the protective ability of MP, thereby lower MPOD may be the risk 
in the development of AMD. Many studies including EDCC have demonstrated that low MP 
is a risk factor for developing dry AMD, and dietary supplements with lutein and zeaxanthin 
have been recommended for decreasing the risk of dry AMD. Because the foveal MPOD is 
increased by dietary supplementation of lutein, zeaxanthin, and docosahexaenoic acid,36 a 
sufficient intake of these supplements is important, especially for patients with AMD. Risk 
factors for dry AMD include age, smoking, cardiorespiratory disease, diet, dyslipidemia, 
exposure to ultraviolet rays, race, and decreased MP.37-40 Similar to the previous study, 
hypertension, dyslipidemia, and smoking were risk factors for dry AMD or reduction of 
MPOD in AMD patients in the present study. Among these, MPOD is one of the modifiable 
factors and can be calculated. Measurement of MPOD using MPS II is expected to increase 
the macular protective effect by allowing subjects with low MPOD to take supplements.

Our study has some limitations. First, the study sample was relatively small, and further 
research with a larger sample is required. Second, because the focus was exclusively on 
AMD, the applicability of this technique to other diseases remains unclear. Third, analyses 
of the relationship between serum or dietary carotenoid levels and MPOD were not 
conducted. Finally, we haven't revealed a significant correlation between MPOD reduction 
and the occurrence of AMD. However, to the best of our knowledge, this study was the 
first to demonstrate the changes in MPOD according to age and difference in MPOD with 
and without AMD in Korean populations. Additionally, estimated values using MPSII® 
were measurable in all ages, especially old patients who might have dry AMD. The results 
of this study may lead to an increased use of MPSII® in practice and to identify the need 
of dietary supplementation in patients with lower MPOD. Future studies are needed to 
evaluate the effect of MPOD on the pathogenesis of AMD and MPOD levels in other diseases. 
Further information regarding the MPOD changes according to the amount of dietary 
supplementation would contribute to patient care.

In conclusion, the MPOD measured with MPSII® reflects the MP density in healthy individuals 
and in patients with dry AMD. Our results showed that aging was not significantly associated 
with low MPOD, but the presence of dry AMD was significantly associated with low MPOD. 
Therefore, we hypothesized that low MPOD may be a risk factor for developing dry AMD, and 
thus dietary supplementation of lutein and zeaxanthin is important in patients with lower 
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MPOD. Furthermore, routine screening with MPS II® for ages 50 and older is thought to help 
detect early low MPOD and identify individuals who should take supplements.

REFERENCES

 1. Yasuda M, Kiyohara Y, Hata Y, Arakawa S, Yonemoto K, Doi Y, et al. Nine-year incidence and risk factors 
for age-related macular degeneration in a defined Japanese population the Hisayama study. Ophthalmology 
2009;116(11):2135-40. 
PUBMED | CROSSREF

 2. Cruickshanks KJ, Klein R, Klein BE. Sunlight and age-related macular degeneration. The Beaver Dam Eye 
Study. Arch Ophthalmol 1993;111(4):514-8. 
PUBMED | CROSSREF

 3. Beatty S, Murray IJ, Henson DB, Carden D, Koh H, Boulton ME. Macular pigment and risk for age-
related macular degeneration in subjects from a Northern European population. Invest Ophthalmol Vis Sci 
2001;42(2):439-46.
PUBMED

 4. Friedman E. A hemodynamic model of the pathogenesis of age-related macular degeneration. Am J 
Ophthalmol 1997;124(5):677-82. 
PUBMED | CROSSREF

 5. Cai J, Nelson KC, Wu M, Sternberg P Jr, Jones DP. Oxidative damage and protection of the RPE. Prog Retin 
Eye Res 2000;19(2):205-21. 
PUBMED | CROSSREF

 6. Ozawa Y, Sasaki M, Takahashi N, Kamoshita M, Miyake S, Tsubota K. Neuroprotective effects of lutein in 
the retina. Curr Pharm Des 2012;18(1):51-6. 
PUBMED | CROSSREF

 7. Wooten BR, Hammond BR. Macular pigment: influences on visual acuity and visibility. Prog Retin Eye Res 
2002;21(2):225-40. 
PUBMED | CROSSREF

 8. Stringham JM, Garcia PV, Smith PA, McLin LN, Foutch BK. Macular pigment and visual performance in 
glare: benefits for photostress recovery, disability glare, and visual discomfort. Invest Ophthalmol Vis Sci 
2011;52(10):7406-15. 
PUBMED | CROSSREF

 9. Hammond BR Jr, Fletcher LM, Elliott JG. Glare disability, photostress recovery, and chromatic contrast: 
relation to macular pigment and serum lutein and zeaxanthin. Invest Ophthalmol Vis Sci 2013;54(1):476-81. 
PUBMED | CROSSREF

 10. Trieschmann M, van Kuijk FJ, Alexander R, Hermans P, Luthert P, Bird AC, et al. Macular pigment in the 
human retina: histological evaluation of localization and distribution. Eye (Lond) 2008;22(1):132-7. 
PUBMED | CROSSREF

 11. Bone RA, Landrum JT, Mayne ST, Gomez CM, Tibor SE, Twaroska EE. Macular pigment in donor eyes 
with and without AMD: a case-control study. Invest Ophthalmol Vis Sci 2001;42(1):235-40.
PUBMED

 12. Beatty S, Boulton M, Henson D, Koh HH, Murray IJ. Macular pigment and age related macular 
degeneration. Br J Ophthalmol 1999;83(7):867-77. 
PUBMED | CROSSREF

 13. Seddon JM, Ajani UA, Sperduto RD, Hiller R, Blair N, Burton TC, et al. Dietary carotenoids, vitamins A, 
C, and E, and advanced age-related macular degeneration. JAMA 1994;272(18):1413-20. 
PUBMED | CROSSREF

 14. Landrum JT, Bone RA, Kilburn MD. The macular pigment: a possible role in protection from age-related 
macular degeneration. Adv Pharmacol 1997;38:537-56. 
PUBMED | CROSSREF

 15. Stringham JM, Hammond BR. Macular pigment and visual performance under glare conditions. Optom Vis 
Sci 2008;85(2):82-8. 
PUBMED | CROSSREF

 16. Nagai N, Izumi-Nagai K, Suzuki M, Shinoda H, Koto T, Uchida A, et al. Association of macular pigment 
optical density with serum concentration of oxidized low-density lipoprotein in healthy adults. Retina 
2015;35(4):820-6. 
PUBMED | CROSSREF

10/12https://jkms.org https://doi.org/10.3346/jkms.2020.35.e30

Macular Pigment Optical Density in the Korean Population

http://www.ncbi.nlm.nih.gov/pubmed/19744734
https://doi.org/10.1016/j.ophtha.2009.04.017
http://www.ncbi.nlm.nih.gov/pubmed/8470986
https://doi.org/10.1001/archopht.1993.01090040106042
http://www.ncbi.nlm.nih.gov/pubmed/11157880
http://www.ncbi.nlm.nih.gov/pubmed/9372722
https://doi.org/10.1016/S0002-9394(14)70906-7
http://www.ncbi.nlm.nih.gov/pubmed/10674708
https://doi.org/10.1016/S1350-9462(99)00009-9
http://www.ncbi.nlm.nih.gov/pubmed/22211688
https://doi.org/10.2174/138161212798919101
http://www.ncbi.nlm.nih.gov/pubmed/12062535
https://doi.org/10.1016/S1350-9462(02)00003-4
http://www.ncbi.nlm.nih.gov/pubmed/21296819
https://doi.org/10.1167/iovs.10-6699
http://www.ncbi.nlm.nih.gov/pubmed/23211814
https://doi.org/10.1167/iovs.12-10411
http://www.ncbi.nlm.nih.gov/pubmed/17401321
https://doi.org/10.1038/sj.eye.6702780
http://www.ncbi.nlm.nih.gov/pubmed/11133874
http://www.ncbi.nlm.nih.gov/pubmed/10381676
https://doi.org/10.1136/bjo.83.7.867
http://www.ncbi.nlm.nih.gov/pubmed/7933422
https://doi.org/10.1001/jama.1994.03520180037032
http://www.ncbi.nlm.nih.gov/pubmed/8895823
https://doi.org/10.1016/S1054-3589(08)60998-9
http://www.ncbi.nlm.nih.gov/pubmed/18296924
https://doi.org/10.1097/OPX.0b013e318162266e
http://www.ncbi.nlm.nih.gov/pubmed/25473786
https://doi.org/10.1097/IAE.0000000000000382
https://jkms.org


 17. Liu R, Wang T, Zhang B, Qin L, Wu C, Li Q, et al. Lutein and zeaxanthin supplementation and association 
with visual function in age-related macular degeneration. Invest Ophthalmol Vis Sci 2014;56(1):252-8. 
PUBMED | CROSSREF

 18. Ozawa Y, Shigeno Y, Nagai N, Suzuki M, Kurihara T, Minami S, et al. Absolute and estimated values 
of macular pigment optical density in young and aged Asian participants with or without age-related 
macular degeneration. BMC Ophthalmol 2017;17(1):161. 
PUBMED | CROSSREF

 19. Ferris FL 3rd, Wilkinson CP, Bird A, Chakravarthy U, Chew E, Csaky K, et al. Clinical classification of age-
related macular degeneration. Ophthalmology 2013;120(4):844-51. 
PUBMED | CROSSREF

 20. van der Veen RL, Berendschot TT, Hendrikse F, Carden D, Makridaki M, Murray IJ. A new desktop 
instrument for measuring macular pigment optical density based on a novel technique for setting flicker 
thresholds. Ophthalmic Physiol Opt 2009;29(2):127-37. 
PUBMED | CROSSREF

 21. Obana A, Gohto Y, Moriyama T, Seto T, Sasano H, Okazaki S. Reliability of a commercially available 
heterochromatic flicker photometer, the MPS2, for measuring the macular pigment optical density of a 
Japanese population. Jpn J Ophthalmol 2018;62(4):473-80. 
PUBMED | CROSSREF

 22. Berendschot TT, van Norren D. On the age dependency of the macular pigment optical density. Exp Eye Res 
2005;81(5):602-9. 
PUBMED | CROSSREF

 23. Malinow MR, Feeney-Burns L, Peterson LH, Klein ML, Neuringer M. Diet-related macular anomalies in 
monkeys. Invest Ophthalmol Vis Sci 1980;19(8):857-63.
PUBMED

 24. Age-Related Eye Disease Study Research Group. A randomized, placebo-controlled, clinical trial of 
high-dose supplementation with vitamins C and E, beta carotene, and zinc for age-related macular 
degeneration and vision loss: AREDS report no. 8. Arch Ophthalmol 2001;119(10):1417-36. 
PUBMED | CROSSREF

 25. Age-Related Eye Disease Study 2 Research Group. Lutein + zeaxanthin and omega-3 fatty acids for age-
related macular degeneration: the Age-Related Eye Disease Study 2 (AREDS2) randomized clinical trial. 
JAMA 2013;309(19):2005-15. 
PUBMED | CROSSREF

 26. Snodderly DM, Auran JD, Delori FC. The macular pigment. II. Spatial distribution in primate retinas. 
Invest Ophthalmol Vis Sci 1984;25(6):674-85.
PUBMED

 27. Wu J, Seregard S, Algvere PV. Photochemical damage of the retina. Surv Ophthalmol 2006;51(5):461-81. 
PUBMED | CROSSREF

 28. Abell RG, Hewitt AW, Andric M, Allen PL, Verma N. The use of heterochromatic flicker photometry 
to determine macular pigment optical density in a healthy Australian population. Graefes Arch Clin Exp 
Ophthalmol 2014;252(3):417-21. 
PUBMED | CROSSREF

 29. Howells O, Eperjesi F, Bartlett H. Macular pigment optical density in young adults of South Asian origin. 
Invest Ophthalmol Vis Sci 2013;54(4):2711-9. 
PUBMED | CROSSREF

 30. Hammond BR Jr, Caruso-Avery M. Macular pigment optical density in a Southwestern sample. Invest 
Ophthalmol Vis Sci 2000;41(6):1492-7.
PUBMED

 31. Werner JS, Donnelly SK, Kliegl R. Aging and human macular pigment density. Appended with 
translations from the work of Max Schultze and Ewald Hering. Vision Res 1987;27(2):257-68. 
PUBMED | CROSSREF

 32. Delori FC, Goger DG, Hammond BR, Snodderly DM, Burns SA. Macular pigment density measured by 
autofluorescence spectrometry: comparison with reflectometry and heterochromatic flicker photometry. 
J Opt Soc Am A Opt Image Sci Vis 2001;18(6):1212-30. 
PUBMED | CROSSREF

 33. Mellerio J, Ahmadi-Lari S, van Kuijk F, Pauleikhoff D, Bird A, Marshall J. A portable instrument for 
measuring macular pigment with central fixation. Curr Eye Res 2002;25(1):37-47. 
PUBMED | CROSSREF

 34. Ciulla TA, Hammond BR Jr. Macular pigment density and aging, assessed in the normal elderly and those 
with cataracts and age-related macular degeneration. Am J Ophthalmol 2004;138(4):582-7. 
PUBMED | CROSSREF

11/12https://jkms.org https://doi.org/10.3346/jkms.2020.35.e30

Macular Pigment Optical Density in the Korean Population

http://www.ncbi.nlm.nih.gov/pubmed/25515572
https://doi.org/10.1167/iovs.14-15553
http://www.ncbi.nlm.nih.gov/pubmed/28851319
https://doi.org/10.1186/s12886-017-0557-5
http://www.ncbi.nlm.nih.gov/pubmed/23332590
https://doi.org/10.1016/j.ophtha.2012.10.036
http://www.ncbi.nlm.nih.gov/pubmed/19236582
https://doi.org/10.1111/j.1475-1313.2008.00618.x
http://www.ncbi.nlm.nih.gov/pubmed/29594609
https://doi.org/10.1007/s10384-018-0588-3
http://www.ncbi.nlm.nih.gov/pubmed/16024015
https://doi.org/10.1016/j.exer.2005.03.019
http://www.ncbi.nlm.nih.gov/pubmed/7409981
http://www.ncbi.nlm.nih.gov/pubmed/11594942
https://doi.org/10.1001/archopht.119.10.1417
http://www.ncbi.nlm.nih.gov/pubmed/23644932
https://doi.org/10.1001/jama.2013.4997
http://www.ncbi.nlm.nih.gov/pubmed/6724837
http://www.ncbi.nlm.nih.gov/pubmed/16950247
https://doi.org/10.1016/j.survophthal.2006.06.009
http://www.ncbi.nlm.nih.gov/pubmed/24390399
https://doi.org/10.1007/s00417-013-2554-6
http://www.ncbi.nlm.nih.gov/pubmed/23471890
https://doi.org/10.1167/iovs.12-10957
http://www.ncbi.nlm.nih.gov/pubmed/10798668
http://www.ncbi.nlm.nih.gov/pubmed/3554735
https://doi.org/10.1016/0042-6989(87)90188-X
http://www.ncbi.nlm.nih.gov/pubmed/11393613
https://doi.org/10.1364/JOSAA.18.001212
http://www.ncbi.nlm.nih.gov/pubmed/12518242
https://doi.org/10.1076/ceyr.25.1.37.9961
http://www.ncbi.nlm.nih.gov/pubmed/15488784
https://doi.org/10.1016/j.ajo.2004.05.057
https://jkms.org


 35. Widomska J, Subczynski WK. Why has nature chosen lutein and zeaxanthin to protect the retina? J Clin 
Exp Ophthalmol 2014;5(1):326. 
PUBMED | CROSSREF

 36. Fujimura S, Ueda K, Nomura Y, Yanagi Y. Preliminary analysis of the relationship between serum lutein 
and zeaxanthin levels and macular pigment optical density. Clin Ophthalmol 2016;10:2149-55. 
PUBMED | CROSSREF

 37. Ambati J, Fowler BJ. Mechanisms of age-related macular degeneration. Neuron 2012;75(1):26-39. 
PUBMED | CROSSREF

 38. Klein R, Cruickshanks KJ, Nash SD, Krantz EM, Nieto FJ, Huang GH, et al. The prevalence of age-related 
macular degeneration and associated risk factors. Arch Ophthalmol 2010;128(6):750-8. 
PUBMED | CROSSREF

 39. Hyman LG, Lilienfeld AM, Ferris FL 3rd, Fine SL. Senile macular degeneration: a case-control study. Am J 
Epidemiol 1983;118(2):213-27. 
PUBMED | CROSSREF

 40. Klein BE, Klein R. Cataracts and macular degeneration in older Americans. Arch Ophthalmol 
1982;100(4):571-3. 
PUBMED | CROSSREF

12/12https://jkms.org https://doi.org/10.3346/jkms.2020.35.e30

Macular Pigment Optical Density in the Korean Population

http://www.ncbi.nlm.nih.gov/pubmed/24883226
https://doi.org/10.4172/2155-9570.1000326
http://www.ncbi.nlm.nih.gov/pubmed/27826180
https://doi.org/10.2147/OPTH.S119251
http://www.ncbi.nlm.nih.gov/pubmed/22794258
https://doi.org/10.1016/j.neuron.2012.06.018
http://www.ncbi.nlm.nih.gov/pubmed/20547953
https://doi.org/10.1001/archophthalmol.2010.92
http://www.ncbi.nlm.nih.gov/pubmed/6881127
https://doi.org/10.1093/oxfordjournals.aje.a113629
http://www.ncbi.nlm.nih.gov/pubmed/7073566
https://doi.org/10.1001/archopht.1982.01030030573002
https://jkms.org

	Macular Pigment Optical Density in the Korean Population: a Cross Sectional Study
	INTRODUCTION
	METHODS
	Statistical analysis
	Ethics statement

	RESULTS
	DISCUSSION
	REFERENCES


