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Effect of Different Doses of Lutein and Zeaxanthin on Macular
Pigment Optical Density

Makiler Pigment Optik Yogunluguna Farkli Doz Lutein Ve Zeaksantinin Etkisi
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OZET

Amag: Saglikli bireylerde, iki farkl lutein ve zeaksantin dozunun makuler pigment optik yogunluk (MPQOY) tizerindeki etkilerini heterokromatik fliker fotometre (MPS
I1) yontemi ile degerlendirmek.

Gerecler ve Yontemler: 20 saglikli bireyin 20 sag g6zu calisma kapsamina alindi. Olgular esit sayida olmak lizere randomize iki gruba ayrildi. Grup 1'deki olgular 5
mg lutein ve 1 mg zeaksantin takviyesi alirken Grup 2'deki olgular 10 mg lutein ve 2 mg zeaksantin takviyesi aldi. Grup 1 ve Grup 2 olgularda takviye 6ncesi ve takviye
sonrasi 1.ay MPOY degerleri karsilastirildi.

Bulgular: Olgularin yas ortalamasi grup 1'de 34.0+6.9 iken grup 2'de 33.4+6.8 idi. Grup 1'deki olgularin sag go6zlerinin destek tedavisi 6ncesi ve destek tedavisi sonrasi
1.ay MPOY degerleri sirasiyla ortalama 0.41+£0.09 ve 0.41+0.10 olarak 6lctildu. Sol g6zlerinin destek tedavisi 6ncesi ve destek tedavisi sonrasi 1.ay MPOY degerleri ise
sirasiyla ortalama 0.44+0.14 ve 0.42+0.12 olarak 6lclldu. Grup 2'deki olgularin sad gozlerinin destek tedavisi 6ncesi ve destek tedavisi sonrasi 1.ay MPOY degerleri
sirasiyla ortalama 0.39+0.10 ve 0.37£0.11 olarak 6lculdi. Sol g6zlerinin destek tedavisi 6ncesi ve destek tedavisi sonrasi 1.ay MPOY dederleri ise sirasiyla ortalama
0.41+0.12 ve 0.39+0.11 olarak 6lculdii. Degerler istatistiksel olarak anlamli bulunmadi (p>0.05).

Sonug: Saglikli bireylerde, 5 mg lutein ve 1 mg zeaksantin takviyesinin (Grup 1) ve 10 mg lutein ve 2 mg zeaksantin takviyesinin (Grup 2) MPOY lzerine 1.ayda
istatistiksel olarak anlamli etkisi bulunmamistir.

Anahtar Kelimeler: Hetereokromatik fliker fotometre, litein, makuler pigment optik yogunluk, zeaksantin

ABSTRACT

Aim: To evaluate the effects of two different doses of lutein and zeaxanthin on macular pigment optical density (MPOD) in healthy subjects using heterochromatic
flicker photometer (MPS II) method.

Materials and Methods: 20 right eyes of 20 healthy subjects were included in the study. The subjects were randomly divided into two groups with equal numbers.
Group 1 received 5 mg lutein and 1 mg zeaxanthin supplements, while Group 2 received 10 mg lutein and 2 mg zeaxanthin supplements. MPOD values before and 1
month after supplementation were compared in Group 1 and Group 2 subjects.

Results: The mean age was 34.0+6.9 years in group 1 and 33.4+6.8 years in group 2. The mean MPOD values of the right eyes of the subjects in group 1 before and 1
month after supplement treatment were 0.41+£0.09 and 0.41+0.10, respectively. The mean MPOD values of the left eyes of the subjects in group 1 before and 1 month
after supplement treatment were 0.44+0.14 and 0.42+0.12, respectively. The mean MPOD values of the right eyes of the subjects in group 2 before and 1 month
after supplement treatment were 0.39+£0.10 and 0.37+0.11, respectively. The mean MPOD values of the left eyes of the subjects in group 2 before and 1 month after
supplement treatment were 0.41+£0.12 and 0.39+0.11, respectively. The values were not statistically significant (p>0.05).

Conclusion: In healthy subjects, 5 mg lutein and 1 mg zeaxanthin supplementation (Group 1) and 10 mg lutein and 2 mg zeaxanthin supplementation (Group 2) had
no statistically significant effect on MPOD at 1 month.
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INTRODUCTION

Lutein and zeaxanthin (L/Z) are two fat-soluble antioxidants
belonging to the carotenoids class (1, 2). Together with their
isomer meso-zeaxanthin, they are the primary components of
macular pigment (MP). Among the more than 1000 carotenoids
found in nature, only L/Z and their metabolites are found in the
human macula (3). Humans can not synthesize L/Z and must
obtain them through dietary sources (4). These carotenoids
are more concentrated in the macular region of the retina and
are responsible for maintaining central vision (1). MP helps to
protect the macula from the phototoxicity of blue light with its
460 nm absorption spectrum (5). Additionally, it acts as a free
radical scavenger, protecting the macula from photochemical
damage and serving an antioxidant function (5). Studies
indicate that low MP levels are a risk factor for age-related
macular degeneration (AMD), the leading cause of blindness
in developed countries (6). Macular pigment optical density
(MPOD) is a measure of L/Z concentrations in the macula (7).
A relationship has been demonstrated between MPOD and
visual function, contrast sensitivity, and photostress recovery
(8). Dietary L/Z intake has been shown to support visual
function by increasing MPOD and reduce the risk of developing
AMD (9, 10). Ma et al. concluded that L/Z supplements could
increase MPOD in patients with AMD and healthy subjects
and reported a dose-response relationship (11). One of the
first comprehensive studies on carotenoids, Eye Disease Case-
Control Study, which compared nutrition with the risk of
developing AMD, demonstrated that individuals with higher
serum L/Z levels had a significantly lower risk of developing eye
diseases (12). Furthermore, those consuming a diet containing
5.8 mg L/Z daily had a lower risk of AMD compared to those
consuming a diet containing 1.2 mg L/Z daily (12).

Following the recognition of L/Z's effects on eye health,
supplementation through dietary means or commercially
available preparations has been considered. There is
no consensus on the appropriate daily dose for L/Z
supplementation. Toxicology studies have shown that L/Z
does not pose health risks even at high doses (4, 40 and 400
mg/kg body weight) (13). The ocular effects of dietary L/Z
intake at doses <5 mg/day are not fully evident (4). Studies
have shown that total L/Z intake of <5 mg/day does not result
in a statistically significant change in MPOD (4).

Further research is necessary to determine the minimum
L/Z dose and duration required to elicit clinically significant
effects on MPOD and visual function. The aim of this study is
to determine whether there is a minimum concentration of
L/Z intake that causes a statistically significant and/or clinically
important change in MPOD over a 1-month period, and to
evaluate the dose-response relationship between L/Z intake
and MPOD.

MATERIALS AND METHODS

The entire study protocol was conducted in accordance
with the Declaration of Helsinki and approved by the local
ethics committee (date/number: 05.06.2023/18362). Patients
who visited the ophthalmology clinic of Konya City Hospital
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between January 2021 and December 2021, underwent MPOD
measurements following routine ophthalmologic examination,
and were prescribed L/Z supplementation were analyzed.
Patients with visual acuity of 10/10 on the Snellen chart and
refractive error with a spherical equivalent value below +2.0
D were included in the study. Patients with any eye disease or
media opacity, intraocular surgery history, pregnancy, smoking
history or systemic disease were excluded. After applying
these criteria, 20 eyes of 20 healthy individuals were included
in the study. The subjects were randomly divided into two
groups with equal numbers. Group 1 consisted of patients who
received 5 mg lutein and 1 mg zeaxanthin supplementation,
while Group 2 consisted of patients who received 10 mg lutein
and 2 mg zeaxanthin supplementation. MPOD values before
and 1 month after supplementation were compared in both
groups.
Examination protocol

MPOD measurements were taken using a device
employing the heterochromatic flicker photometry (HFP)
technique (MPSII®, Elektron Technology, Switzerland). The
device measures the amount of blue light absorbed by the
MP in the patient's retina layer. A small stimulus alternating
between green (530 nm) and blue (465 nm) is seen on a
white background. If the brightness of blue and green light
is not equal or the frequency of alternation is too high, the
stimulus appears to flicker. Initially, the blue brightness is set
to a relatively high value and the frequency is reduced until
flicker is detected. Blue light is absorbed by the MP while green
light is not. Patients are handed a device with a button and
instructed to look at the target in the center. The device starts to
display the alternating lights and the patients are instructedto
press the button when a flicker is noticed. The MPOD value is
automatically calculated by the MPSII device’s software based
on the graph generated from the patient’s button presses
during each flicker event. Normal MPOD values are between
0.00 and 1.00, with higher MPOD values indicating higher MP
levels.
Statistical analysis

Statistical analysis was performed using SPSS 22 (SPSS
Inc, Chicago, lllinois, USA). The Kolmogorov Smirnov test
was used to determine whether the data conformed the
normal distribution. Parametric tests were preferred due to
normal distribution. The Independent Samples Test was used
to compare the parameters between the groups. The Mixed
ANOVA test was used to compare the parameters before and
after supplementation and to compare values between right
and left eyes. P values <0.05 were considered statistically
significant.

RESULTS

Group 1 and Group 2 each comprised 5 males (50%) and
5 females (50%). The mean age of the patients was 34.0+6.9
years (min:29, max:40 years) in Group 1 and 33.4+6.8 years
(min:30, max:39 years) in Group 2. In Group 1, mean MPOD
values for right eyes of the patients before and 1 month after
supplemenatation were 0.41+£0.09 and 0.41+0.10, respectively
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Figure 1. Box-plots of the groups before and after
supplement treatment

(Figure 1).Forlefteyes, thevalueswere 0.44+0.14and 0.42+0.12,
respectively. In Group 2, mean MPOD values for right eyes of
the subjects before and 1 month after supplementation were
0.39+0.10 and 0.37+0.11, respectively. The mean MPOD values
for left eyes before and 1 month after supplement treatment
were 0.41£0.12 and 0.39+0.11, respectively.

The changes in MPOD values for right eyes of the subjects
in Group 1 before and 1 month after the supplementation were
not statistically significant (p=0.768) (Table 1). The changes in
MPOD values for right eyes of the subjects in Group 2 before
and 1 month after the supplementation were not statistically
significant (p=0.559). The changes in MPOD values for left
eyes of the subjects in Group 1 before and 1 month after the
supplementation were not statistically significant (p=0.494).
The changes in MPOD values for left eyes of the subjects in
Group 2 before and 1 month after the supplementation were
not statistically significant (p=0.349).

The mean spherical equivalent values for patients in Group
1 and Group 2 were -0.67+0.22D and -0.62+0.19D, respectively
(p=0.802). There was no significant correlation between
spherical equivalent value and MPOD (p=0.873, r=0.32 for
male, p=0.914, r=0.37 for female). When right and left eyes
of the patients in Group 1 were compared, mean MPOD
values were 0.41+0.09 and 0.4410.14 (p=0.303), respectively.

When the right and left eyes of the patients in Group 2 were
compared, the mean MPOD values were 0.41+0.10 and
0.4240.12 (p=0.716), respectively.

DISCUSSION

AMD is a multifactorial disease and oxidative stress caused
by short wavelength blue lightis considered to be an important
factor in the disease (1). Numerous studies have investigated
the relationship between MP and AMD, as MP protects against
blue light hazards (1). Some studies have found significantly
lower MPOD levels in AMD patients compared to normal eyes
(6). Supplementation with macular xanthophyll carotenoids
and antioxidants has been associated with delaying
progressive macular diseases such as AMD (1). The large-scale
clinical study investigating the effects of lutein and zeaxanthin
supplements on preventing AMD (Age-Related Eye Disease
Study 2 Research Group 2013) recommended antioxidant
supplements containing L/Z (14). These AMD-preventive
effects of carotenoids are due to their biochemical (anti-
oxidant) and photochemical (blue light filtration) properties
(5).

Studies have demonstrated that dietary L/Z intake is
associated with the amount of MPOD (15, 16). However, the
precise dosage required to increase MPOD remains unclear.
Randomized, placebo-controlled studies investigating the
effects of dietary L/Z intake of <5 mg/day on MPOD, have not
shown statistically significant increases in MPOD (17, 18). In
these studies, dietary L/Z intake was between 0.5 and 4.5 mg/
day and participants were followed up for 3 to 6 months (17,
18). Whereas, studies using L/Z supplements between 5-20
mg/day for 3-12 months have shown statistically significant
increases in MPOD (19, 20). Similarly, a statistically significant
increase in MPOD value was also observed in studies in which
L/Z supplementation was higher than 20 mg/day (21, 22).

MPOD is expected to increase by 0.003 optical density units
(95% Cl: 0.001 to 0.006) for every 1 mg increase in total daily L/Z
intake (4). The increase in MPOD value was significantly higher
in studies with =5 mg/day L/Z supplementation compared
to those using <5 mg/day L/Z supplementation (4). There is
a lack of literature evaluating MPOD effects using total daily
L/Z doses between 5 and 10 mg. Comparing studies where L/Z
was provided through dietary sources with those using L/Z-
containing supplements, it is evident that patients can achieve
higher L/Z doses with supplements (4). The total daily L/Z
dose in dietary intervention studies typically remains <5 mg,

Table 1. Macular Pigment Optical Density Changes Before and After Supplement Treatment

Group 1 Group 2
Before After p* Before After p*
Treatment Treatment Treatment Treatment
MPOD right 0.41+0.09 0.41+0.10 0.768 0.39+0.10 0.37+0.11 0.559
MPOD left 0.44+0.14 0.42+0.12 0.494 0.41+0.12 0.39+0.11 0.349
Group 1 Group 2
SE -0.67+0.22D -0.62+0.19D 0.802*

MPOD, Macular Pigment Optical Density; SE, Spherical Equvalan; *Mixed ANOVA ‘Independent samples test
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while studies using supplements often reach levels =12 mg
(4). When comparing studies using supplements containing
only L/Z with those using preparations that include L/Z along
with vitamin C, vitamin E, zinc, copper, and w-3 fatty acids, no
significant difference was observed in their effects on MPOD
(20, 23).

Cardinault et al. (24) investigated MPOD changes in two
groups aged 20-35 years and 60-75 years by giving 9 mg
lutein and 0.45 mg zeaxanthin daily for 5 weeks and found no
significant change in both groups. Similarly, our study showed
no significant changes in MPOD levels in the right eye at either
doses (p=0.168 for Group 1, p=0.559 for Group 2). This may
be due to the relatively low additional L/Z dose and short
supplementation period. A review of 46 studies suggested that
L/Z intake for 23 months and at doses above 5 mg/day could
increase MPOD concentrations by 0.04 to 0.11 optical density
units in healthy adults (4). It has been observed that L/Z intake
increases the MPOD value in healthy adults, especially at doses
>10 mg/day. In our study, an increase in MPOD may not have
been observed because low doses of L/Z were given. There
seems to be a dose-response relationship in which higher
doses of L/Z have a greater effect on MPOD. Since most studies
of low doses of L/Z have evaluated dietary supplementation, it
is difficult to determine the dose of L/Z, the effect of the dose
of L/Z given and other effects of the dietary source.

CONCLUSION

Our study found no statistically significant change in
the amount of MPOD after 1 month in patients taking 5 mg
lutein 1 mg zeaxanthin supplementation and 10 mg lutein 2
mg zeaxanthin supplementation. With the expected increase
in AMD incidence due to global population aging, the
optimal L/Z dosage and its relationship with MPOD remain
unclear. Our study contributes to preventing unnecessary
L/Z supplementation and ensuring adequate dosing. Future
research is needed to determine the L/Z dose and duration
that causes clinically significant increases in MPOD.

Conflict of interest: The authors declared no conflicts of interest with
respect to the authorship and/or publication of this article.

Financial confiict of interest: Author declares that he did not receive
any financial support in this study.

Address correspondence to: Osman Sayin, Saglik Bilimleri
Universitesi, Konya Sehir Hastanesi, Géz Hastaliklari Klinigi,
Konya, Tiirkiye

e-mail: drosmansayin@gmail.com

REFERENCES

1. Eisenhauer B, Natoli S, Liew G, et al. Lutein and Zeaxanthin-
Food Sources, Bioavailability and Dietary Variety in Age-
Related Macular Degeneration Protection. Nutrients. 2017;9(2).
doi:10.3390/nu9020120

2. Edanur Arslan AMG. Lutein ve Zeaksantin. Saglk ve
Yasam  Bilimleri  Dergisi.  2022;4(1):201-8.  https://doi.
0rg/10.33308/2687248X.202241233

169

Macular Pigment and Lutein/Zeaxanthin

Yabuzaki J. Carotenoids Database: Structures, chemical
fingerprints and distribution among organisms. Database
(Oxford). 2017;2017(1). doi: 10.1093/database/bax004

Wilson LM, Tharmarajah S, Jia Y, et al. The Effect of Lutein/
Zeaxanthin Intake on Human Macular Pigment Optical Density: A
Systematic Review and Meta-Analysis. Adv Nutr. 2021;12(6):2244-
54. doi: 10.1093/advances/nmab071

Beatty S, Boulton M, Henson D, et al. Macular pigment and age
related macular degeneration. Br J Ophthalmol. 1999;83(7):867-
77.doi: 10.1136/bjo.83.7.867

Beatty S, Murray |J, Henson DB, et al. 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.

Bernstein PS, Delori FC, Richer S, et al. The value of measurement
of macular carotenoid pigment optical densities and distributions
in age-related macular degeneration and other retinal disorders.
Vision Res. 2010;50(7):716-28. doi: 10.1016/j.visres.2009.10.014
Johnson EJ, Avendano EE, Mohn ES, et al. The association
between macular pigment optical density and visual function
outcomes: A systematic review and meta-analysis. Eye (Lond).
2021;35(6):1620-8. doi: 10.1038/s41433-020-01124-2

Johnson EJ. Role of lutein and zeaxanthin in visual and cognitive
function throughout the lifespan. Nutr Rev. 2014;72(9):605-12.
doi: 10.1111/nure.12133.

Dawczynski J, Jentsch S, Schweitzer D, et al. Long term effects
of lutein, zeaxanthin and omega-3-LCPUFAs supplementation on
optical density of macular pigment in AMD patients: the LUTEGA
study. Graefes Arch Clin Exp Ophthalmol. 2013;251(12):2711-23.
doi: 10.1007/s00417-013-2376-6.

. Mal, LiuR, Du JH, et al. Lutein, Zeaxanthin and Meso-zeaxanthin

Supplementation Associated with Macular Pigment Optical
Density. Nutrients. 2016;8(7). doi: 10.3390/nu8070426

Seddon JM, Ajani UA, Sperduto RD, et al. Dietary carotenoids,
vitamins A, C, and E, and advanced age-related macular
degeneration. Jama. 1994;272(18):1413-20.  doi:10.1001/
jama.1994.03520180037032

Harikumar KB, Nimita CV, Preethi KC, et al. Toxicity profile of lutein
and lutein ester isolated from marigold flowers (Tagetes erecta).
Int J Toxicol. 2008;27(1):1-9. doi: 10.1080/10915810701876265.
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.
doi:10.1001/jama.2013.4997

Nolan JM, Stack J, O'Connell E, et al. The relationships between
macular pigment optical density and its constituent carotenoids
in diet and serum. Invest Ophthalmol Vis Sci. 2007;48(2):571-82.
doi: 10.1167/iovs.06-0864.

Curran-Celentano J, Hammond Jr BR, Ciulla TA, et al. Relation
between dietary intake, serum concentrations, and retinal
concentrations of lutein and zeaxanthin in adults in a Midwest
population. The American journal of clinical nutrition.
2001;74(6):796-802. doi: 10.1093/ajcn/74.6.796.

Kelly ER, Plat J, Haenen GR, et al. The effect of modified eggs and
an egg-yolk based beverage on serum lutein and zeaxanthin
concentrations and macular pigment optical density: results
from a randomized trial. PLoS One. 2014;9(3):92659. doi:
10.1371/journal.pone.0092659

Kopsell DA, Lefsrud MG, Kopsell DE, et al. Spinach cultigen
variation for tissue carotenoid concentrations influences human
serum carotenoid levels and macular pigment optical density
following a 12-week dietary intervention. J Agric Food Chem.

3129



SELCUK TIP DERGISI/ SELCUK MEDICAL JOURNAL

19.

20.

21.

2006;54(21):7998-8005. doi: 10.1021/jf0614802

Loughman J, Nolan JM, Howard AN, et al. The impact of
macular pigment augmentation on visual performance using
different carotenoid formulations. Invest Ophthalmol Vis Sci.
2012;53(12):7871-80. doi: 10.1167/iovs.12-10690.

Johnson EJ, Chung H-Y, Caldarella SM, et al. The influence of
supplemental lutein and docosahexaenoic acid on serum,
lipoproteins, and macular pigmentation. The American journal of
clinical nutrition. 2008;87(5):1521-9. doi: 10.1093/ajcn/87.5.1521.
Thurnham DI, Nolan JM, Howard AN, et al. Macular response
to supplementation with differing xanthophyll formulations in
subjects with and without age-related macular degeneration.
Graefes Arch Clin Exp Ophthalmol. 2015;253(8):1231-43. doi:
10.1007/s00417-014-2811-3.

170

22.

23.

Yoshizako H, Hara K, Takai Y, et al. Comparison of macular
pigment and serum lutein concentration changes between free
lutein and lutein esters supplements in Japanese subjects. Acta
Ophthalmol. 2016;94(6):e411-6. doi: 10.1111/a0s.13106.

Berrow EJ, Bartlett HE, Eperjesi F. The effect of nutritional
supplementation on the multifocal electroretinogram in
healthy eyes. Doc Ophthalmol. 2016;132(2):123-35. https://doi.
org/10.1007/s10633-016-9532-3

24. Cardinault N, Gorrand JM, Tyssandier V, et al. Short-term

supplementation with lutein affects biomarkers of Ilutein
status similarly in young and elderly subjects. Exp Gerontol.
2003;38(5):573-82. doi: 10.1016/s0531-5565(03)00039-1

3129



