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Improvement of Retinal Function in Early Age-Related
Macular Degeneration After Lutein and Zeaxanthin
Supplementation: A Randomized, Double-Masked,

Placebo-Controlled Trial
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● PURPOSE: To examine the effects of lutein and zeax-
nthin supplementation on retinal function using multi-
ocal electroretinograms (mfERG) in patients with early
ge-related macular degeneration (AMD).

● DESIGN: Randomized, double-masked, placebo-con-
trolled trial.
● METHODS: One hundred eight subjects with early
AMD were randomly assigned to receive 10 mg/d lutein
(n � 27), 20 mg/d lutein (n � 27), 10 mg/d lutein plus
10 mg/d zeaxanthin (n � 27), or placebo (n � 27) for 48
weeks. Thirty-six age-matched controls without AMD
were also enrolled to compare baseline data with early
AMD patients. MfERG responses and macular pigment
optical densities (MPODs) were recorded and analyzed at
baseline and at 24 and 48 weeks.
● RESULTS: There were significant reductions in N1P1
esponse densities in ring 1 to ring 3 in early AMD
atients compared with the controls (P < .05), whereas
either N1P1 response densities in ring 4 to ring 6 nor
1 peak latencies significantly changed. After 48-week
upplementation, the N1P1 response densities showed
ignificant increases in ring 1 for the 20 mg lutein group
nd for the lutein and zeaxanthin group, and in ring 2 for
he 20 mg lutein group. The increases in MPOD related
ositively to the increases in N1P1 response density in
ing 1 and ring 2 for nearly all active treatment groups.
1P1 response densities in ring 3 to ring 6 or P1 peak

atencies in all rings did not change significantly in any
roup.

● CONCLUSION: Early functional abnormalities of the
central retina in the early AMD patients could be
improved by lutein and zeaxanthin supplementation.
These improvements may be potentially attributed to the
elevations in MPOD. (Am J Ophthalmol 2012;154:
625–634. © 2012 by Elsevier Inc. All rights reserved.)
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A GE-RELATED MACULAR DEGENERATION (AMD) IS A

progressive degenerative eye disease specifically
targeting the macula, the cone-rich region of the

retina responsible for highest visual acuity.1,2 In developed
ountries it is the leading cause of irreversible blindness
mong people over the age of 50.3 The number of persons
ith AMD is expected to increase by as much as 50%,

rom 1.75 million to 2.95 million, between 2000 and 2020
n the United States.4 With increasing longevity, this

disease will place enormous social and economic burden on
healthcare resources. Currently, treatment strategies for
certain types of exudative AMD have emerged; however,
the majority of these patients will still progress to legal
blindness, and there is no proven treatment available for
most affected persons with early AMD.5,6 Therefore, it

ay be more preferable and of critical importance to
ntervene in this disease at an earlier stage so as to slow its
rogression at a time before substantial visual impairment
as occurred.
The xanthophyll carotenoids, lutein and zeaxanthin,

ave specific distribution patterns in human tissue and are
oncentrated in the macula.7,8 The presence of these

xanthophylls is thought to provide a unique function in
this vital ocular tissue. Several epidemiologic studies, but
not all, have indicated that higher levels of lutein and
zeaxanthin in diet are associated with a lower risk of
AMD.9–12 Our previous meta-analysis of the potential
protective effects of lutein against AMD reported reduc-
tions in risk of early AMD by 4% and late AMD by 26%,
suggesting that lutein might help to delay and prevent the
progression from early- to late-stage AMD.13 Clinical
studies of lutein in patients with AMD showed a benefit on
visual performance; however, little is known about the
effects of lutein on the maintenance of function and
structural integrity of the macula.14–16 The multifocal
lectroretinogram (mfERG) is a noninvasive technique
hat allows simultaneous recording of focal electroretino-
raphic responses from multiple retinal locations.17 It has

the advantage of providing an objective assessment of
retinal function and can detect and monitor functional

changes of macula and the progression of macular disor-
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ders, even in the absence of visual loss.18–19 Furthermore,
although the concentrations of lutein and zeaxanthin peak
in the central fovea, zeaxanthin is the dominant carot-
enoid at this location. This specific distribution of the
xanthophyll carotenoids suggests that zeaxanthin may play
an essential role in the center of the retina; but until
recently, the research specifically concerning the efficacy
of zeaxanthin is still limited.20–21

Therefore, we conducted a randomized, double-masked,
placebo-controlled trial to investigate the effects of 48-
week supplementation with lutein and zeaxanthin on
retinal function by mfERG in a group of community-
dwelling patients with early AMD.

METHODS

● STUDY POPULATION: Recruitment was directed to sub-
ects with probable AMD, aged 50 to 79 years, from the
ocal communities and from congregate living sites in
eijing. All study candidates underwent standard general
nd ophthalmic examination to screen for study eligibility.
linical diagnosis of early AMD was established by slit-

amp examination and ophthalmoscopy using a Goldmann
oncontact lens, as well as color fundus photograph
Exwave HAD 3CCD; Sony Electronics Inc, Park RIdge,
ew Jersey, USA) after pupillary dilation using 0.5%

ropicamide and 0.5% phenylephrine (Santen Pharmaceu-
ical Co. Ltd, Osaka, Japan), when either of the following
esions in the macular area of at least 1 eye was identified:
oft distinct or indistinct drusen; or areas of retinal pig-
entary abnormalities, without the presence of signs of

ate AMD. The AMD was independently classified by 2
asked ophthalmologists in accordance with the Age-
elated Eye Disease Study (AREDS) classification and
rading system.22

Subjects were excluded if they had late AMD (cho-
roidal neovascularization or geographic atrophy), unsta-
ble chronic illness, or eye disorders other than macular
degeneration, including macular edema, macular holes,
central serous chorioretinopathy, or macular epiretinal
membrane. We did not enroll subjects who had taken
drugs known to affect visual function within 1 month prior
to enrollment (eg, chloroquine or oxazepam). Subjects
who were vegetarian or had a history of retina-vitreous
surgery or photodynamic therapy were also ineligible.

One hundred eight participants with early AMD (mean
age, 69.1 � 7.4 years) met the study criteria and were
included in the study; 107 completed 48 weeks of treat-
ment. Thirty-six age-matched controls without AMD
(defined as absence of soft drusen or pigmentary abnormal-
ities; mean age, 68.0 � 7.9 years) were also enrolled
according to the same exclusion criteria used for early

AMD patients. i
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● STUDY DESIGN: After enrollment, eligible participants
ith early AMD were randomly allocated to 1 of the 4
roups in a 1:1:1:1 ratio according to a list of computer-
enerated random numbers in sex-stratified blocks of 8.
articipants, study and clinical center personnel, and the
ata analysts were unaware of the treatment allocation
hrough study completion. Only the pharmacist techni-
ian, who was not involved in the recruitment or assess-
ent of participants, had access to the randomization list.
he different capsules were identical in size, weight, and
olor.

Participants were randomly assigned to receive placebo
n � 27), 10 mg of lutein (n � 27), 20 mg of lutein (n �
7), or 10 mg lutein plus 10 mg zeaxanthin (n � 27) once
day for 48 weeks. Adherence to treatment was evalu-

ted by monthly interviewing of the patient and by
apsule counts. All participants were requested to main-
ain their usual diet and to abstain from taking supple-
ents containing carotenoids. Dietary intake was

ssessed at baseline using a validated 120-item food
requency questionnaire.

MfERGs and macular pigment optical density assess-
ents were performed at baseline (week 0) and at 24

nd 48 weeks after the initiation of treatment. The
ontrols without AMD were given only a baseline
xamination.

● MULTIFOCAL ELECTRORETINOGRAMS: MfERGs were
recorded using a RETIscan system (Version 3.21, Roland
Consult, Inc, Brandenburg, Germany), according to the
recommended guidelines of the International Society for
Clinical Electrophysiology of Vision (ISCEV) for basic
mfERG.23,24 Pupils of the patients were maximally dilated
o a diameter more than 7 mm with 0.5% tropicamide and
.5% phenylephrine (Santen Pharmaceutical Co, Ltd,
saka, Japan) and the cornea was anesthetized with 0.4%

xybuprocaine hydrochloride (Santen Pharmaceutical Co,
td). Retinal signals were acquired with a bipolar contact

ens electrode (Hansen Ophthalmic, Coralville, Iowa,
SA) filled with carboxymethylcellulose sodium (Refresh
elluvisc; Allergan Inc, Irvine, California, USA).
The stimulus consisted of 103 hexagonal elements

resented on the CRT display with a frame rate of 75 Hz.
ach hexagon was alternated pseudorandomly between
hite (200 cd/m2) and black (less than 1.0 cd/m2) accord-

ng to a standard m-sequence. The recordings were per-
ormed under room light conditions, and a red central cross
as presented for fixation. In each video frame, each

timulus element had an equal probability of being white
r black, maintaining the overall mean luminance of the
timulus display at a fairly constant value. Retinal signals
ere band-pass filtered from 10 to 300 Hz, amplified 100
00 times, and sampled at 1200 Hz. Each recording
onsisted of 16 segments and was approximately 8 minutes
ong. During the test, the patient fixated on a small circle

n the central hexagon. Recording quality was monitored
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by observation of the real-time signal voltage. Recording
segments contaminated by either electrical artifacts or loss
of fixation were rejected and repeated.

The mfERG responses for the hexagons across the retina
were separated into 6 concentric rings (rings 1 to 6) for
data analysis. The response amplitudes in each ring were
measured between the first negative trough (N1) and the
first positive peak (P1), yielding the N1P1 response den-
sities (amplitudes per unit retinal area in nV/deg2). The P1
peak latencies (ms) of the positive waveform were also
measured.

● MACULAR PIGMENT OPTICAL DENSITY: The measure-
ment of macular pigment optical density was performed
with a confocal scanning laser ophthalmoscope (Heidel-
berg Retina Angiograph; Heidelberg Engineering, Heidel-
berg, Germany) using autofluorescence images centered on
the fovea.25,26 Subjects were positioned in front of the
tabletop and asked to look straight ahead and to remain
steady. After using infrared (IR) light, the 488-nm wave-
length of light is used to excite autofluorescence. A series
of autofluorescence images were obtained for the excita-
tion wavelengths quickly before recovery. An average
image was generated from these images using the system
software. The center of the fovea was defined as the center
of a Gaussian distribution. We quantified macular pigment
optical density by calculation of the average image and
comparison of foveal and parafoveal autofluorescence. The
reproducibility and variability of this measurement tech-
nique had been previously reported.26 The coefficients of
ariation were less than 5%.

● SAMPLE SIZE AND STATISTICAL ANALYSES: It was
estimated that a total sample size of 108 participants
provides 90% power to detect a 30% to 40% increase in
N1P1 response densities between groups, with a signifi-
cance level of .05 and a dropout rate of 10%.27

The data were analyzed according to the intention-to-
treat principle. The Kolmogorov-Smirnov test was used to
determine if continuous variables were normally distrib-
uted. The significance of differences between the early
AMD cases and controls was determined by the indepen-
dent t test, or Mann-Whitney rank sum test where appro-
priate, for continuous data and the �2 test for categorical
ata. Correlations between macular pigment optical den-
ity and the mfERG values for the AMD cases at baseline
ere analyzed using the Pearson test. Baseline character-

stics among 4 treatment groups were compared using
nalysis of variance (ANOVA) for continuous variables or
he �2 test for categorical variables. Absolute changes for
ach outcome variable at 24 and 48 weeks were normally
istributed for macular pigment optical density and the
fERG values. Within-group changes from baseline were

ssessed using the paired t test, and between-group differ-
nces in terms of change from baseline at each time point

ere tested by analysis of covariance (ANCOVA), with C
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ge, sex, smoking, and baseline values included as covari-
tes. The least significant difference procedure was used for
ultiple pairwise comparisons. Furthermore, overall signif-

cance of differences in changes over time was evaluated by
epeated-measures ANOVA with time and treatment ef-
ects and their interactions, with age, sex, smoking, and
aseline values included as covariates. The relationships
etween change in macular pigment optical density and
hange in mfERG responses were assessed using Pearson
orrelation analysis because these 2 variables follow a
ivariate normal distribution. All analyses were performed
sing SPSS statistical software version 11.0 (SPSS Inc,

TABLE 1. Comparison of Demographic and Clinical
Characteristics in Patients With Early Age-Related Macular

Degeneration and in Controls

Variable

Study Group

P Value

Controls

(n � 36)

Early AMD

Patients

(n � 108)

Mean age (SD), year 68.0 (7.9) 69.0 (7.4) .46a

Sex, n (% female) 21 (58.3) 63 (58.3) �.99b

Race (% Han people) 36 (100.0) 108 (100.0) �.99b

Current or past smoker,

n (%) 3 (8.3) 13 (12.0) .76b

Dietary nutrient intake

Vitamin A (SD), RE 0.75 (0.49) 0.72 (0.45) .84a

Vitamin C (SD), mg 81.9 (47.2) 83.0 (44.3) .90a

Vitamin E (SD), mg 7.4 (2.3) 7.5 (2.4) .78a

Zinc (SD), mg 7.6 (2.9) 8.0 (3.8) .48a

�-carotene (SD), mg 3.5 (2.4) 3.5 (2.1) .85a

Lutein and zeaxanthin

(SD), mg 2.6 (1.4) 2.6 (1.5) .89a

Lycopene (SD), mg 0.86 (0.70) 0.73 (0.66) .15a

N1P1 response densities,

nV/deg2

Ring 1 (SD) 85.7 (36.7) 67.4 (28.5) .002a

Ring 2 (SD) 48.7 (17.5) 40.5 (14.0) .005a

Ring 3 (SD) 33.3 (9.2) 28.7 (10.1) .02a

Ring 4 (SD) 22.7 (6.1) 20.9 (6.9) .16a

Ring 5 (SD) 16.4 (4.9) 15.0 (5.0) .15a

Ring 6 (SD) 12.6 (4.1) 11.4 (4.0) .15a

P1 peak latencies, ms

Ring 1 (SD) 38.9 (6.4) 40.3 (5.8) .26a

Ring 2 (SD) 37.7 (3.0) 37.7 (3.4) .97a

Ring 3 (SD) 36.0 (3.2) 36.2 (2.7) .57a

Ring 4 (SD) 35.2 (1.9) 35.8 (3.0) .23a

Ring 5 (SD) 35.5 (2.1) 35.9 (3.3) .49a

Ring 6 (SD) 35.6 (1.7) 36.5 (3.4) .12a

MPOD (SD), DU 0.33 (0.16) 0.31 (0.13) .53a

AMD � age-related macular degeneration; DU � density unit;

MPOD � macular pigment optical density; RE � retinol equiv-

alent; SD � standard deviation.
aBased on independent t test.
bBased on �2 test.
hicago, Illinois, USA).
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RESULTS

THE DEMOGRAPHIC AND CLINICAL CHARACTERISTICS OF

patients with the early AMD cases and of controls are
shown in Table 1. The mean age of the participants was
8.8 years (SD 7.5 years; range 49–79 years). Of the 144
otal participants, 84 (58.3%) were female. There was no

FIGURE 1. Scatterplots showing the correlation between macu
for all patients with early age-related macular degeneration befo
performed by Pearson correlation as these 2 variables follow a b
(Top middle) Ring 2, r � 0.18, P � .06. (Top right) Ring 3, r

iddle) Ring 5, r � 0.18, P � .07. (Bottom right) Ring 6, r

TABLE 2. Baseline Demographic Characteristics of Patients
G

Variable Placebo (n � 27) 10 mg Lutein (

Mean age (SD), y 68.9 (7.6) 69.9 (8.4

Sex, n (% female) 16 (59.3) 16 (61.

Race (% Han people) 27 (100.0) 26 (100

Current or past smoker, n (%) 3 (11.1) 3 (11.

aBased on analysis of variance.
bBased on �2 test.
ignificant difference in demographic characteristics be-

AMERICAN JOURNAL OF628
tween early AMD patients and controls. The patients with
early AMD had lower N1P1 response densities in ring 1
than controls without AMD (P � .01). Significant differ-
ences in N1P1 response densities in ring 2 and ring 3
between groups were still present, but the magnitude of
differences was diminished. The difference in N1P1 re-
sponse densities in ring 4 to ring 6 was no longer significant

igment optical density and N1P1 response densities in 6 rings
tein and zeaxanthin supplementation. Statistical analyses were
ate normal distribution. (Top left) Ring 1, r � 0.31, P < .001.
6, P � .09. (Bottom left) Ring 4, r � 0.16, P � .10. (Bottom

15, P � .12.

Early Age-Related Macular Degeneration in the 4 Treatment
s

) 20 mg Lutein (n � 27) Lutein and Zeaxanthin (n � 27) P Value

69.0 (6.8) 68.6 (7.0) .94a

15 (55.6) 15 (55.6) .96b

27 (100.0) 27 (100.0) �.99b

3 (11.1) 4 (16.7) .97b
lar p
re lu
ivari
� 0.1
� 0.
With
roup

n � 26

)

5)

.0)

5)
between case and control groups. No statistically signifi-
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cant differences were found between these 2 groups in
macular pigment optical density or P1 peak latencies.
N1P1 response densities in ring 1 were highly associated
with macular pigment optical density for early AMD at
baseline (Pearson r � 0.31; P � .001), whereas N1P1
response densities in ring 2 to ring 6 were not related to
macular pigment optical density (Figure 1). In addition, we
found no significant relationships between the P1 peak
latencies and macular pigment optical density for early
AMD.

The baseline demographic characteristics of patients in
the 4 treatment groups are summarized in Table 2. There
were no significant between-group differences in any base-
line demographic or clinical variables. The changes from
baseline in N1P1 response densities over time are shown in
Figure 2. During the first 24 weeks, all active treatment
groups increased N1P1 response densities in ring 1, al-
though this did not reach statistical significance in the 10

FIGURE 2. Bar graphs showing the change in N1P1 response
3, (Middle right) ring 4, (Bottom left) ring 5, and (Bottom rig
macular degeneration after lutein and zeaxanthin supplementat
age, sex, smoking, and baseline values included as covariates, fo
between the groups). Error bars indicate standard error of the
mg lutein group. An ANCOVA analysis showed partici- i

EFFECT OF LUTEIN AND ZEAXANTVOL. 154, NO. 4
pants assigned to the 20 mg lutein group had a much
greater increase compared with the placebo group (0.3 vs
20.3; between-group difference, 19.9; 95% confidence
interval [CI], 0.03–39.6; P � .05). After 48 weeks, N1P1
response densities in ring 1 showed a mean (standard error
[SE]) increase of 18.0 (7.5) in the 10 mg lutein group, an
increase of 22.4 (7.4) in the 20 mg lutein group, and an
increase of 23.5 (6.9) in the lutein and zeaxanthin group
(all P � .05), with maintenance in the placebo group. The
hanges in N1P1 response densities in ring 1 for the 20 mg
utein group (22.4 vs �0.3; between-group difference,
2.7; 95% CI, 3.1–42.3; P � .02) and the lutein and
eaxanthin group (23.5 vs �0.3; between-group difference,
3.8; 95% CI, 4.2–43.4; P � .02) were significantly greater
han those for the placebo group. Results of repeated-
easures ANOVA showed that lutein and zeaxanthin

upplementation had both the significant treatment effect
P � .02) and the significant time effect (P � .001) on

ities in (Top left) ring 1, (Top right) ring 2, (Middle left) ring
ing 6 for 4 treatment groups of patients with early age-related
*Statistically significant (P < .05, analysis of covariance with
d by least significant difference test to compare the differences
.

dens
ht) r
ion.
llowe
mean
mproving N1P1 response densities in ring 1. N1P1 re-

HIN ON RETINAL FUNCTION 629
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sponse densities in ring 2 also increased progressively over
time in all active treatment groups; and significant within-
group differences from baseline were only detected in the
20 mg lutein group (10.6; 95% CI, 1.7–19.5; P � .05) at

eek 48. The changes in N1P1 response densities in ring
for the 20 mg lutein group (10.6 vs �0.3; between-group

ifference, 10.9; 95% CI, 0.2–21.7; P � .05) had a
ignificantly greater increase than those for the placebo

FIGURE 3. Scatterplots showing the correlation between chan
densities in 6 rings for 3 active treatment groups of patients wi
zeaxanthin supplementation. Statistical analyses were perform
normal distribution. (Top left) Ring 1, r10 mg lutein � 0.54, P �
P � .003. (Top left) Ring 2, r10 mg lutein � 0.30, P � .13; r20

(Middle left) Ring 3, r10 mg lutein � 0.14, P � .50; r20 mg lutein �
ing 4, r10 mg lutein � 0.11, P � .60; r20 mg lutein � 0.24, P

10 mg lutein � �0.02, P � .93; r20 mg lutein � 0.30, P � .
10 mg lutein � 0.30, P � .15; r20 mg lutein � 0.21, P � .31; rl
roup. A significant time effect (P � .03) with only a r

AMERICAN JOURNAL OF630
endency for a treatment effect (P � .19) was observed for
1P1 response densities in ring 2. Significant changes no

onger existed in N1P1 response densities in ring 3 to ring
in the 4 groups. No significant differences were found

etween the groups with respect to changes in these N1P1
esponse densities.

Figure 3 shows the correlation between change in
acular pigment optical density and change in N1P1

macular pigment optical density and change in N1P1 response
rly age-related macular degeneration after 48-week lutein and
y Pearson correlation as these 2 variables follow a bivariate
5; r20 mg lutein � 0.51, P � .008; rlutein and zeaxanthin � 0.56,

utein � 0.51, P � .008; rlutein and zeaxanthin � 0.53, P � .006.
4, P � .09; rlutein and zeaxanthin � 0.18, P � .36. (Middle right)
4; rlutein and zeaxanthin � 0.12, P � .54. (Bottom left) Ring 5,
lutein and zeaxanthin � 0.17, P � .40. (Bottom right) Ring 6,

and zeaxanthin � 0.27, P � .18.
ge in
th ea
ed b

.00
mg l

0.3
� .2
13; r
utein
esponse densities in 6 rings for 3 active treatment groups
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of patients with early AMD after 48-week supplementa-
tion. The change in macular pigment optical density was
positively correlated with the changes in N1P1 response
densities in ring 1 and in ring 2 for nearly all active
treatment groups. No significant associations were found
between the change in macular pigment optical density
and the changes in N1P1 response densities in ring 3 to
ring 6 (P � .05 for all).

In contrast with the significant changes in N1P1 re-
sponse densities in central rings among the active treat-
ment groups, we observed no significant changes in P1
peak latencies at various eccentricities in any group at any
time point. The changes in macular pigment optical
density were not related to the changes in P1 peak
latencies in various rings over the study period.

DISCUSSION

IN THIS STUDY, WE FOUND THAT LUTEIN AND ZEAXANTHIN

supplementation for patients with early AMD resulted in
significant increases in N1P1 response densities in the
central retina associated with early abnormalities of retinal
function. Moreover, the improvement of N1P1 response
densities was positively associated with the elevation of
macular pigment optical density, suggesting a causative
effect of macular pigment level on health of retinal
function. These findings provided evidence that lutein and
zeaxanthin might reverse the impairment in retinal func-
tion, and ultimately prevent the progression of AMD.

Early AMD is characterized by a deterioration of the
retina that is associated with extracellular deposits forming
yellow spots (drusen) on the retina under the macula
and/or irregular focal hypopigmentations or hyperpigmen-
tations.28 Several lines of experimental and clinical evi-
ence indicated that the retinal pigment epithelium cells
ecame less efficient in the phagocytosis of photoreceptor
uter segment tips with advancing age.29,30 The aging

retina gradually accumulated fluorescent phototoxic chro-
mophores, generally known as lipofuscin, which led to
apoptosis of retinal pigment epithelial (RPE) cells and the
formation of drusen. These changes in turn led to RPE
cellular dysfunction and eventually resulted in the loss of
central vision.31,32 In agreement with the results of previ-
us studies, our study found that N1P1 response densities
n central rings significantly decreased in early AMD
atients compared with non-AMD controls, indicating the
unctional integrity of the macula had been compromised
n early stages of AMD.33,34 On the contrary, there was
nly a trend toward decrease in macular pigment optical
ensity in early AMD patients, suggesting that early AMD
id not experience significant morphologic changes in
acular pigment, when macular dysfunctions had occurred

n the central retina. Therefore, it is conceivable that early
etection and prompt treatment of AMD is more effective

n promoting functional recovery of retina. In addition, the a
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ecrease in macular pigment optical density may be re-
ponsible for the reduction of N1P1 response densities in
he central retina, as a direct relationship was found
etween macular pigment optical density and N1P1 re-
ponse densities in ring 1 in early AMD patients. These
esults are supported by experimental animal studies of
arotenoid deprivation.35 Monkeys raised on a xantho-

phyll-free diet showed a total loss of macular pigment that
was accompanied by an increase in drusen-like bodies at
the level of pigment epithelium.35 In Japanese quails fed
supplemental zeaxanthin, the number of apoptotic photo-
receptors in light-damaged eyes was inversely correlated
with retinal zeaxanthin concentration, and zeaxanthin
supplementation for 6 months markedly decreased levels of
light-induced photoreceptor apoptosis.36,37 This evidence
confirms the hypothesis that macular pigment may prevent
or retard some of the destructive processes that ultimately
lead to photoreceptor death. Therefore, it is likely that the
macular pigment optical density elevation produced by
dietary intervention has a beneficial effect on retinal
function.

Lutein and zeaxanthin are the major components of
macular pigment, and reach their highest concentrations
in the photoreceptor axon layer and the inner plexiform
layer of the fovea.8,38 It comes as no surprise that lutein
nd zeaxanthin have beneficial effects on optimizing eye
ealth, particularly for AMD patients. Past studies of

utein supplementation in AMD patients addressed its
ffect on preventing the loss of visual function and macular
igment optical density in general.15,17 Few supplementa-

tion trials that specifically focused on retinal function have
been performed, especially in less well-nourished popula-
tions. Falsini and associates demonstrated that 180 days of
supplementation with lutein, vitamin E, and nicotinamide
in early AMD patients led to significant improvements in
amplitude change of focal electroretinogram (F-ERG).39 In
the only previous study designed to examine the effect of
carotenoid and antioxidant supplementation (including
lutein) on mfERG responses, Parisi and associates admin-
istered placebo or carotenoids and antioxidants to 27
patients with nonadvanced AMD for 1 year, and indicated
that significant increases in N1P1 response densities was
observed in patients with AMD receiving active supple-
ments.27 As the supplementation regimen included many
ther carotenoids and antioxidants, the specific effects of
ny 1 component could not be assessed in these studies. In
he current study, most vitamin, zinc, and carotenoid
ntakes of subjects were below the level of the Chinese
ietary Reference Intakes and the Third United States
ational Health and Nutrition Examination Survey

NHANES III); and none of the participants reported
upplemental use of vitamins, zinc, or carotenoids. We
ound individuals assigned to receive lutein with or with-
ut zeaxanthin had significantly increased N1P1 response
ensities in central rings. The possible mechanism of

ction for this protective role may include powerful blue-
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light filtering activities and antioxidant properties.8,40,41

Recently, evidence is accumulating to suggest that other
mechanisms such as the stimulation of gap junction
communications may be involved as well.42,43 Lutein and
zeaxanthin have been shown to be an efficient inducer to
enhance gap junction intercellular communication.43 In-
reasing intake of these carotenoids could therefore im-
rove signaling efficiency throughout the visual system. It
ad been observed that age-related declines in neuronal
ignal transduction could be reversed with dietary supple-
entation with lutein-rich foods in animal studies.44

Furthermore, previous studies have suggested that supple-
mentation with lutein and zeaxanthin may result in a
measurable increase in macular pigment optical den-
sity.14,16 No study has yet measured macular pigment
ptical density and N1P1 response densities to confirm
hether macular pigment actually improves retinal func-

ion. In the present study, significant associations were
ound between the change in macular pigment optical
ensity and the changes in N1P1 response densities in the
entral retina for nearly all active treatment groups after
8-week supplementation, suggesting a causative role of
tructural integrity of the macula for maintenance of the
ormal retinal function. Our finding also supported the
ypothesis that increased macular pigment level by sup-
lementation with lutein and zeaxanthin might poten-
ially produce beneficial changes in retinal function at
arly stages of AMD.

It should be noted that combination supplementation
ith zeaxanthin and lutein might improve N1P1 response
ensities in the foveal area more effectively, even com-
ared to high-dose lutein supplementation. This was pre-
umably because of the specific distribution characteristics
f these carotenoids in the retina. The macular pigment
ainly consists of the 3 carotenoids, lutein, zeaxanthin,

nd meso-zeaxanthin.45,46 Zeaxanthin is the dominant
omponent and reaches its maximum at the center of the
ovea, where the lutein-to-zeaxanthin ratio reaches a
inimum, suggesting that zeaxanthin may play some
ssential roles in the fovea.20,45,47 With increasing eccen-

NM, Hawkins BS. Low luminance visual dysfunction as a
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ricity, zeaxanthin declines more rapidly than lutein, and
utein becomes the dominant carotenoid in the perifoveal
reas. This was also consistent with our findings that the
ain in N1P1 response densities in ring 2 was greater in the
atients receiving high-dose lutein. Since macula pigment
ramatically decreases with increasing radial distance from
he fovea, and becomes undetectable in the peripheral
etina, it may not be surprising that lutein and zeaxanthin
upplementation in our population did not affect mfERG
esponses in peripheral retinal areas.20,48

Although some studies demonstrated that implicit times
were significantly longer in AMD patients compared with
those who do not have AMD, we did not observe increases
in P1 peak latencies in the patients with early AMD.49,50

In addition, the supplementation with lutein and zeaxan-
thin also did not lead to significant changes in P1 peak
latencies in all rings. The early AMD patients with
relatively mild impairment of retinal function in our study
might not experience P1 peak latency delays in this time
frame and this might explain the lack of a lutein and
zeaxanthin treatment effect.

There were limitations to this research. First, given the
highly selective inclusion criteria for participants in ran-
domized trials, we were unable to examine whether the
intervention was efficacious for a broader population, and
our sample may therefore not be fully representative.
Second, we cannot fully exclude the possibility of residual
confounding attributable to incomplete adjustment or on
the basis of some other variables not considered. Third, the
trial length of 48 weeks may not be long enough to assess
potential long-term effects on the risk of AMD progres-
sion; and further research is needed to evaluate the effect
of these carotenoids on progression of AMD.

In conclusion, our results demonstrate that the com-
bined supplementation with lutein and zeaxanthin is
effective treatment against macular dysfunction in the
central retina for early AMD patients. Additional larger
studies, however, will be needed to validate our findings
and should evaluate the long-term effects of lutein and

zeaxanthin on reducing the risk of AMD progression.
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