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Abstract

Age-related macular degeneration (AMD) is the number one form of blindness in older adults due 
to the degeneration of the macula of the eye. Lutein and zeaxanthin are carotenoids that accumulate in 
the macula and may help protect it from short-wavelength light damage. The dietary sources of these 
carotenoids are green leafy, yellow vegetables; and eggs. The aim of this study was to determine if the 
consumption of 12 store-bought eggs per week for 1 year slows down the progression of AMD. Forty-fi ve 
adults were randomized to the intervention (n=27) or control (n=18). A clinical eye exam was performed 
at 0 and 12 months. Results showed greater increases in serum lutein (52% vs. 6%) and zeaxanthin 
(83% vs. 0%) in the intervention compared to control from baseline to 12 months, however only serum 
zeaxanthin increased signifi cantly. The right eye macular pigment optical density (MPOD) increased more 
in the intervention (5.6% vs. 1.9%), while left eye MPOD increased more in the control (20.0% vs. 14.3%). 
However, the mean percent change in MPOD within subjects was increased more in the intervention for 
the right (37% vs 14%) and left (42% vs 39%) eye when compared to control, but not signifi cantly. The 
intervention demonstrated signifi cantly greater improvement in the left eye (86%) when compared to the 
control and a respective 32% decrease from baseline for glare recovery measurements. In conclusion, 
consuming 12 eggs per week for 1 year signifi cantly raises serum zeaxanthin concentrations and may 
improve glare recovery in patients with early AMD.
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Introduction

Age-related macular degeneration (AMD) is the leading 
cause of blindness among elderly populations in the developed 
world [1-6], which can be characterized by the loss of central 
vision that may progress to irreversible bilateral blindness. It 
is absolutely crucial to fully understand the etiology and the 
pathophysiology of AMD, which still remains elusive. AMD 
impacts over 60 million lives globally, and over 10 million 
in the United States alone, which is anticipated to double by 
2050. The fi nancial burden associated with AMD at present 
exceeds $340 billion annually in USA [1]. Moreover, those who 
suffer from even early to intermediate AMD are often unable to 
perform essential routine activities, such as reading, driving, 
or even recognizing familiar faces. As researchers learn more 
about the complex pathology of AMD, a number of different 
classifi cation systems have emerged. One such system defi nes 
Dry and Wet stages of disease progression as correlating to 
the earlier and the later, consequently more serious, stages of 

disease, respectively. Dry AMD can be categorized as either early 
or intermediate AMD, while the onset of neovascularization 
marks the progression of disease to the Wet stage. 

Substantial research has established the pathological role 
of oxidative stress in both Dry and Wet AMD risk [7-9]. Lutein 
and zeaxanthin are two carotenoids constituting the macular 
pigments found throughout the retina and concentrating 
in the macula [10-12]. Their potent antioxidant properties 
have been proven to play a role in delaying the progression 
of AMD [13-17]. One widely studied hypothetical pathway 
is through the prevention of photo-oxidative damage to the 
macula and the modulation of the pathological infl ammatory 
responses associated with AMD [18]. The antioxidant activity 
of these carotenoids is mediated through their ability to 
absorb incoming blue light [19], quench the triplet state of 
photosensitizers/ oxygen/ reactive oxygen intermediates, 
and to act as chain-breaking antioxidants for delaying the 
peroxidation of membrane phospholipids [20]. More recent 
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work has implied the purported role of lutein and zeaxanthin 
as effective stimulators for gap junction communication, 
another potentially signifi cant mechanism by which these 
macular pigments may delay the onset and the progression of 
AMD [21]. Bone et al. [22] determined that low levels of these 
macular pigments may increase the risk of AMD. A number of 
studies have shown the existence of an inverse relationship 
between carotenoid intakes [23], low serum levels of lutein and 
zeaxanthin [22,24], and AMD risk. Additional studies have found 
that macular pigment optical density (MPOD) was signifi cantly 
lower in eyes with AMD than those without, while also fi nding 
a statistically signifi cant positive correlation between MPOD 
and risk of AMD progression [22,25,26]. Though, it should be 
acknowledged that this relationship has been inconclusive in 
other studies [27,28]. The role of MPOD as a surrogate for AMD 
status remains controversial.

Lutein and zeaxanthin are stereoisomers that are commonly 
found in the same variety of foods. They are only attainable 
through dietary consumption, and are typically found in green 
leafy and yellow vegetables and egg yolks. Eggs are a major 
dietary source of lutein and zeaxanthin, and are believed 
to possess the highest bioavailability to the pigments [29-
31]. More specifi cally, Vishwanathan et al., found that a diet 
of 2 to 4 eggs daily signifi cantly increased serum and retinal 
lutein, as well as zeaxanthin in older adults with low macular 
pigment levels without interfering with the absorption of other 
carotenoids. 

Nevertheless, while these new research fi ndings are 
thought-provoking, the role of lutein and zeaxanthin blood 
levels in early AMD remains controversial. Similarly, defi nitive 
answers pertaining to the correlation between MPOD and AMD 
disease progression still remain elusive. With new research 
implying that dietary egg consumption may not impact serum 
lipids and cholesterol as signifi cantly as previously thought, 
new insights regarding carotenoid modulation of AMD 
progression may be accomplished through the study of the 
infl uence of egg-rich diets on AMD pathology. Therefore, in 
consideration of the aforementioned information, the present 
study investigates whether the consumption of 12 store-bought 
eggs per week would (1) slow progression of Dry AMD; (2) raise 
MPOD; and/or (3) raise blood lutein and zeaxanthin levels in 
individuals with early to intermediate AMD. 

Materials and Methods

Study design

The study was divided into 2 phases. Phase 1 involved 
the execution of a 6-week run-in period, which began after 
an initial clinical eye examination. This included macular 
pigment optical density (MPOD) measurements, for the 
purpose of identifying and confi rming Dry AMD for participant 
inclusion into the study. During this time, all participants were 
instructed not to eat any pure egg products. In the fi fth week 
of phase 1, 7-day daily records (DDRs) were collected from all 
participants for examining their nutritional intake. This served 
as a control measure to confi rm dietary adherence to no eggs 
during this phase. At the conclusion of phase 1, all participants 

were subjected to fasting blood samples (> 12 hours) for the 
measurement of serum lutein and zeaxanthin concentrations 
for baseline measures. 

Phase 2 consisted of a 12-month period in which all 
participants were assigned to either the Intervention group 
or the Control group. Again, fasting blood samples (> 12 
hours) were collected from all participants at the 12-month 
intervention mark. These samples were analyzed for serum 
lutein and zeaxanthin concentrations. MPOD and the 
clinical eye measurements were performed at the 12-month 
intervention mark as well. Seven DDRs were also collected 
from each subject during the third week of each month during 
the 12-month intervention phase. 

Dietary analysis

In addition to the procedures mentioned above, additional 
control measures were also implemented. This included the 
confi rmation of no egg consumption for the control group, as 
well as confi rmation of the consumption of 12 eggs per week 
for the intervention group. Phone calls to participants were 
also made twice a week to remind them of their respective 
consumption requirements, as well as the occurrence of 
fasting prior to blood sample collection. Nutrient analysis 
was performed using EvaluEat, version 1.2 dietary analysis 
tool (Pearson Education, Benjamin Cummings, 2004). Dietary 
intakes of fat, polyunsaturated fat, carbohydrate, and alcohol 
were all assessed. 

Serum lutein and zeaxanthin analyses

Whole blood samples were separated by centrifugation at 
1500 g for 12 min at 4°C, the serum portion was collected and 
divided in aliquots and stored in -80°C until analysis. Serum 
samples were prepared according to the following protocol. 
First, 100 uL of serum was mixed with 200 uL of ethanol, vortex 
mixed for 30 s for the purpose of precipitating protein. Ten 
μL of Tocol ((1mg/mL) internal standard) was added, followed 
by vortex mixing for 30 s. Two mL of 1:1 hexane: ether with 
1% ethanol and 0.1% BHT were added and vortex mixed for 
60 s and centrifuged for 2 min at 3,200 rpm. The supernatant 
was removed with a glass pipette and half of the sample was 
evaporated in a water bath under nitrogen. This extraction 
process was repeated again and the supernatants were added 
together. The sample was evaporated to complete dryness in a 
water bath under nitrogen and then re-dissolved with 50 uL of 
methanol. Thirty uL was injected into HPLC for analysis.

Analyses were accomplished using an Agilent model 1100 
gradient HPLC apparatus with diode array detection. The 
column used was a C30 ProntoSIL 250 x 4.6 mm (Mac-Mod 
Analytical, Inc., Chadds Ford, PA) with 3 μm particle size 
coupled with an identically packed guard column. The fl ow rate 
was 0.5 mL/min. The initial mobile phase concentration was 
(A) 100% methanol and (B) 100% methyl t-butyl ether (MTBE) 
at 95% A and 5% B for 10 min, and decreased to 83% A at 13 
min, 70 % A at 20 min, 65% A at 29 min, 45% A at 34 min, 38% 
A at 40 min, 30% A at 45 min, then maintained for 20 min, and 
returned to original conditions (95% A) at 77 min and fi nishing 
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after 3 min, for resolution within a total of 80 min. The column 
temperature was maintained at 22°C. 

AMD Assessment

Accordingly, a clinical eye examination was conducted 
for all participants prior to the execution of the study for 
the purpose of confi rming diagnoses of early to intermediate 
Dry AMD. This took place at the Nashua Eye Associates. Once 
satisfying the criteria for study inclusion, each participant 
was then subjected to 2 additional clinical eye examinations 
over the course of the study. A typical examination included 
an internal and external examination of the eye, refraction for 
visual correction, a painless glaucoma test and a muscle balance 
test. The clinical eye examination for the study included the 
following measurements at the beginning and end of the 12- 
month treatment period of Phase 2: 

1. Optical Coherence Tomography (OCT): This test uses 
a laser to defi ne the structures of the retina in an 
ultrasound fashion. It determines the thickness of the 
retina.

2. Intravenous Fluorecein Angiography (IVFA): A dye 
(fl uorecein) is used to delineate the vascular structures 
of the eye to see if the dye leaks. Leakage would signify 
Wet AMD and not Dry AMD. The participant would be 
excluded from the study if this is diagnosed at the initial 
visit.

3. Visual Field: This is a test of the central visual area and 
delineates existing defects and documents fi eld changes.

4. Macular Pigment Optical Density (MPOD): Measured 
by using the gold Standard heterochromatic fl icker 
instrument.

5. Glare Recovery: This is a measure of both macular function 
and retinal health. Examiners monitor accuracy and 
time required for macular function to return to normal 
following a standard photo-stressed intervention. One 
minute or less to recovery is normal.

6. Preferential Hyperacuity Perimeter (PHP): Monitors 
the progression of AMD and is a clinically validated 
diagnostic device for improved early detection of 
choroidal neovascularization (CNV). This instrument 
has replaced the Amsler Grid Test in patients with AMD.

Statistical analyses

Statistical analyses were executed using the SigmaStat 
software (Jandel Scientifi c, San Rafael, CA). A Paired t-Test 
was used to determine signifi cant changes between baseline 
and at 12 months for quantitative clinical eye tests, serum 
lutein and zeaxanthin levels, as well as with regard to MPOD 
measurements within subjects. Meanwhile, a simple t-Test 
executed for the determination of signifi cant variations 
between treatment groups at baseline and at 12 months, 
pertaining to quantitative clinical eye tests, serum lutein and 
zeaxanthin levels, as well as MPOD measurements. All values 
were expressed as mean + SEM.

Results

Subject characteristics and diet

A total of 45 participants fi nished the study. There were 
no changes in height, weight or BMI in subjects during the 
course of the 12-month intervention (Table 1). No differences 
were reported for macronutrient consumption between 
treatment groups at baseline. As expected, dietary cholesterol 
consumption was signifi cantly greater in the Intervention 
group compared to the Control group at both the 6-month 
and 12- month visits, as well as within the Intervention 
group when comparing baseline to the 6 and 12 month visits 
(Table 2). Dietary protein, total fat and saturated fat intake 
was signifi cantly lower in the Control group compared to the 
Intervention group at the 6 and 12-month marks but were not 
signifi cantly different within each treatment group compared 
to baseline (Table 2). Also the Intervention group consumed 
signifi cantly less dietary carbohydrates at the 6 and 12-month 
visits compared to baseline (Table 2).

Serum lutein and zeaxanthin concentrations

Serum zeaxanthin concentrations increased signifi cantly in 
the Intervention group, demonstrating an 83% increase, when 
compared to baseline measurements, while within the Control 
group no change was observed after 12 months of treatment 
(Table 3). A modest but not statistically signifi cant increase in 
serum lutein levels was also observed in the Intervention group 
(52%) compared to a slight increase in the Control group (6%) 
after 12 months of treatment compared to baseline (Table 3). 

MPOD

Compared to baseline measurements, the Intervention 
group participants presented with slightly greater increases 

Table 1: Demographic characteristic of the study population.

Total recruited 122                      M              F                 Age

Declined 43

Agreed
• Dr. Declined
• Dropped out
• Finished 

61
5
11
45                        14             31               75 + 4

Undecided 18                                                             

Height (in) Baseline           6 Month   12 Month

     Intervention 66.0 + 0.83 (n=27) 66.2 + 0.95 (n=27) 65.1 + 0.80 (n=27)

     Control 64.9 + 0.87 (n=18) 64.7 + 0.96 (n=18) 64.3 + 0.92 (n=18)

 Weight (lbs)

     Intervention 181.3 + 10.3 (n=27) 186.4 + 11.8 (n=27) 181.7 + 11.1 (n=27)

     Control 178.6 + 13.9 (n=18) 178.5 + 15.0 (n=18) 183.0 + 19.2 (n=18)

BMI

     Intervention 29.0 + 1.27 (n=27) 30.8 + 2.28 (n=27) 30.0 + 1.66 (n=27)

     Control 29.7 + 2.07 (n=18) 30.1 + 2.22 (n=18) 30.9 + 2.86 (n=18)

Age

     Intervention 73.7 + 1.55 (n=27)

     Control 77.3 + 2.09 (n=18)
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in MPOD levels in the right eye upon completion of the study 
period at the 12- month mark (Table 4). Meanwhile, the 
Control group presented with slightly greater increases in 
MPOD levels than baseline measurements in the left eye at the 
12- month completion mark (Table 4). However, none of these 
variations within groups were statistically signifi cant. Due to 
the recognition of a statistical difference (p < 0.05) between 
treatment groups at baseline for MPOD levels in the right 
eye (Control group had 50% greater MPOD levels to start), 
the percent change was examined for each participant from 
baseline to the 12-month mark within each group to examine 
the possibility of between-treatment effects. As a result, the 
percent increase in MPOD was greater in the Intervention 
group for both the right and left eye when compared to the 
Control group outcomes (Table 5). More specifi cally, outcomes 
presenting were 37% versus 14% for the right eye assessment 
and 42% versus 39% for the left eye assessment, pertaining to 
Intervention group and Control group outcomes, respectively 
(Table 5). 

Clinical eye exam and AMD analyses

When comparing the results for AMD and visual acuity 
at baseline and at the 12-month mark, participants in both 
groups rendered similar outcomes, representing early and 
mid-stages of Dry AMD (Table 6). Meanwhile, glare recovery 
showed slight improvements in both treatment groups for the 
right eye. In contrast, the Intervention group demonstrated 
signifi cantly greater improvement in the left eye, illustrating 
an 86% improvement when compared to the Control group 

and a respective 32% decrease from baseline measurements. 
Results for the right eye were similar after 12 months (Table 6). 
In addition, after 12 months of treatment compared to baseline 
assessments, no notable changes occurred within the treatment 
groups in terms of PHP, OCT, and IVFA in either eye. However, 
there was a slight improvement in PHP within the Control 
group compared to baseline for both eyes. Though this was 
not statistically signifi cant in terms of baseline comparison, 
this outcome was higher than the outcome reported by the 
Intervention group at baseline assessments (Table 6). 

Correlations between serum lutein, zeaxanthin, and 
MPOD

There was no association between percentages of change 
in lutein or percentage change in zeaxanthin with percentage 
change in MPOD for both eyes (data not shown). However, 
there was a signifi cant correlation for both eyes between initial 
baseline MPOD and percent change with time (left eye: r2= 
0.357; correlation of -0.597 and right eye: r2=0.212; correlation 
of -0.460) indicating that patients with lower baseline 
MPOD had the greatest increases in MPOD over the 12 month 
treatment period (Figure 1). 

Discussion

Previous work has shown that MPOD is important for 
optimal visual performance and may protect against AMD 
because of the antioxidant effect of lutein and zeaxanthin 
[33-36]. The present study demonstrates that consumption 
of 12 eggs per week for a period of 1 year signifi cantly raises 
serum zeaxanthin concentrations and reduces glare recovery 
time and may improve, but not signifi cantly, serum lutein 
concentrations and MPOD in patients diagnosed with early 
AMD. Earlier studies [29,30,32,37], have also shown no 
improvement in MPOD with egg consumption as well, although 
these studies were of a shorter duration (a few months) which 
maybe a major limitation for observing changes in MPOD. It 
should also be acknowledged that the current study period of 
1 year, although much longer than the previous studies, may 
still be insuffi cient to reveal effects requiring longer duration 
of observation for presentation and/or detection for MPOD or 
AMD progression. Additionally, there are other inconsistencies 
relative to these earlier trials. Vishwanathan et al. [32], only 

Table 2: Seven day diet record (7DDR).

Baseline 6 Month 12 Month

Intervention
(n=27)

Control
(n=18)

Intervention
(n=27)

Control
(n=18)

Intervention
(n=27)

Control
(n=18)

Calories  1827.0 + 99.6  1537.4 + 136.5  1507.9 + 79.5  1248.0 + 99.2  1532.8 + 195  1270.0 + 75.0

Protein  75.0 + 4.03  68.9 + 6.61  70.9 + 3.53*  54.0 + 4.09*  69.1 + 4.64*  54.5 + 3.77*

Carbohydrate  217.7 + 18.8A  187.1 + 15.4  154.0 + 8.98B  168.6 + 12.9  166.9 + 13.1B  176.2 + 16.8

Fiber  15.5 + 2.71  15.4 + 1.91  11.5 + 0.99  14.1 + 1.39  12.9 + 1.10  15.0 + 1.77

Total Fat  68.5 + 4.68  56.8 + 6.23  66.0 + 6.51*  45.8 + 4.42*  65.6 + 4.63*  41.8 + 2.92*

Saturated Fat  20.5 + 1.14  18.6 + 2.56  19.6 + 1.40*  13.7 + 1.57*  20.0 + 1.49*  12.5 + 1.28*

Cholesterol  178.2 + 13.7A  165.8 + 19.0  500.8 + 25.2*B  128.8 + 18.1*  473.5 + 25.4*B  106.3 + 11.5*

*Statistically signifi cant different at p < 0.05 between Intervention and Control at 6 and 12 months. Values in row not sharing an upper case letter are signifi cantly different 
at p < 0.05 between time points for Intervention. Values are Mean + SEM

Table 3: Serum Lutein and Zeaxanthin Concentrations (μmol/L).

Lutein Zeaxanthin

Baseline 12 month Baseline 12 month

Intervention (n=27) 0.27 + 0.04 0.41 + 0.08 0.06 + 0.01* 0.11 + 0.02*

 Percent change 52% 83%

Control (n=18) 0.35 + 0.07 0.37 + 0.08 0.07 + 0.01 0.07 + 0.01

 Percent change 6% 0%

Values are Mean + SEM. Percent change is between mean baseline and 12 month 
values within treatments.
* Values are signifi cantly different between baseline and 12 months for Intervention 
at p < 0.05.
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measured right eye MPOD, operating under the assumption 
of near identical prevailing bilateral densities in both eyes. 
However, the current study measured both left and right eye 
MPOD and in the Control group, MPOD was signifi cantly lower 
in the right versus left eye, and also lower in the right eyes 
in the Control group versus the Intervention group. Moreover, 
while Vishwanathan et al. [32], also found diminishing MPOD 
improvements in populations with higher baseline MPOD 
values, the current study fi ndings were inconsistent in that 
despite higher baseline left eye MPOD in the Control group, a 
20% improvement was observed versus a 14.3% improvement 
in the Intervention group. These differences notwithstanding, 
the left eye MPOD differences were not statistically signifi cant 
between the Control group and Intervention group. Another 
signifi cant difference between this study and the previous one 
[32], was that the older adults in the current study have been 
diagnosed with early AMD whereas the earlier study [32], was 
just with older adults not diagnosed with AMD. It is possible 
that in people with AMD, each eye may have varying degrees 
of AMD and MPOD that may require researchers to examine 
both eyes individually when it comes to potential changes due 
to treatments. Potential areas of further research for future 

studies may include larger sample sizes, as well as including 
measurements of retinal eccentricities to allow for improved 
comparability with earlier research. 

Another factor studied with notable fi ndings was glare 
recovery, which is defi ned as the amount of time necessary 
for macular function to return to normal following a standard 
photo-stress intervention. Previous studies of glare recovery 
in older populations (ages 65-74) with good health and visual 
acuities of 20/25 or better found recovery times to be 3 times 
longer than those observed in younger age categories, with a 
mean of just over 20 s [38]. These fi ndings are consistent with 
the baseline values reported in the current study, where left 
and right eye values for the intervention group were 20.2 ± 2.5 
and 21.0 ± 2.8 s, respectively. Baseline left and right eye values 
for the Control group were less balanced, at 24.9 ± 8.5 and 18.0 
± 3.4, respectively. There were two particularly notable glare 
recovery fi ndings arising from this study. First, a statistically 
signifi cant reduction in glare recovery was observed in patients 
who consumed 12 eggs per week for a period of 1 year, versus 
patients in the Control group. Second, in the Control group, 
mean left eye glare recovery times deteriorated considerably 
over the study period by -32%, versus in the Intervention group 
the left eye glare recovery improved by 19%. The improvements 
observed in the Intervention group may be explained by existing 
theories of a positive association with improvements between 
macular pigment and visual performance. Nonetheless, it is 
important to recognize that baseline left eye glare recovery 
in the Control group was 20% worse than the relatively 
unremarkable baseline values observed in the right eye for 
Control group and both eyes of the Intervention group. What 
this suggests is that improvements in macular pigment may 
exert substantial protective effects in preventing glare recovery 
deterioration, however additional research is warranted to 
better appreciate this relationship. 

Two primary endpoints of this study were the 12-month 
changes to serum lutein and zeaxanthin levels following 
the consumption of 12 eggs per week for a year. Substantial 
increases in both endpoints were observed in the Intervention 
group. Findings that are consistent with prior investigations 
using the same endpoints conducted earlier [29,30,32,37]. 
The 83% increase in serum zeaxanthin levels was statistically 

Table 4: MPOD data for each group at baseline and after 12 months of treatment.

Mean MPOD – Right Eye Mean MPOD - Left Eye

Baseline 12 month Baseline 12 month

Intervention (n=27) 0.36 + 0.04* 0.38 + 0.03* 0.35 + 0.03 0.40 + 0.03

Percent change 5.6% 14.3%

Control (n=18) 0.54 + 0.05* 0.55 + 0.04* 0.40 + 0.04 0.48 + 0.04

Percent change 1.9% 20.0%

Values are Mean + SEM. Percent change is between mean baseline and 12 month 
values within treatments.
* Values are signifi cantly different between Control and Intervention at p < 0.05.

Table 5: Percent change for each individual for MPOD data within a treatment group 
after 12 months of treatment.

Intervention Control 

Mean Percent change - Right Eye 37.7 + 17.9 (n = 27) 14.2 + 10.3 (n = 18)

Mean Percent change - Left eye  41.5 + 19.7 (n = 27) 39.4 + 18.0 (n = 18)

Values are mean + SEM.

Table 6: AMD clinical eye exams. 

 
Intervention (n=27)Right eye Control (n=18 )     Right eye Intervention (n=27) Left eye Control (n=18) Left eye

Baseline 12 month Baseline 12 month Baseline 12 month        Baseline          12 month

AMD Gradea 1.50 + 0.10 1.55 + 0.12 1.46 + 0.12 1.46 + 0.10 1.23 + 0.11 1.23 + 0.13 1.46 + 0.12      1.46 + 0.14

Visual Acuityb 0.18 + 0.11 0.21 + 0.13 0.13 + 0.03 0.17 + 0.04 0.10 + 0.02 0.10 + 0.02 0.09 + 0.02        0.12 + 0.01

Glare Recovery (sec) 21.0 + 2.81 17.0 + 1.63 18.0 + 3.38 17.5 + 1.61 20.2 + 2.47 17.6 + 1.24* 24.9 + 8.48      32.8 + 9.22*

PHPc 0.14 + 0.14* 0.14 + 0.13 0.54 + 0.23* 0.46 + 0.21 0.14 + 0.13* 0.14 + 0.11 0.54 + 0.2*      0.46 + 0.2

OCTd 0.14 + 0.14        0.14 + 0.14 0.08 + 0.08       0.08 + 0.08 0.05 + 0.05         0.05 + 0.05 0.08 + 0.08       0.08 + 0.08

IVFAe 1.09 + 0.06          1.10 + 0.07 1.23 + 0.12        1.25 + 0.13 1.09 + 0.06         1.10 + 0.07 1.31 + 0.13      1.33 + 0.14

Values are Mean + SEM. * Values are signifi cantly different between Intervention and Control for the same eye at p < 0.05.
aAMD grading system: 1 – early stage; 2 – early-mid stage; 3 – mid-late stage; 4 – late stage 
bVisual Acuity grading system: 0 – no defect; 1 – minimal defect; 2 – moderate defect
cPHP - Preferential Hyperacuity Perimeter grading system: 0 – no defect; 1 – minimal defect; 2 – moderate defect
dIVFA – Intravenous Fluoroscein Angiography grading system: 0 – normal; 1 – thin fovea; 2 – moderate fovea
eOCT – Ophthalmic Coherence Tomography grading system: 0 – normal; 1 – drusen; 2 – arterial vascularization
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signifi cant, while the increase in serum lutein levels was not. 
However, given the 52% increase observed in serum lutein, 
this is likely attributable to the sample size, and future studies 
with improved study power are likely to produce fi ndings of 
statistically signifi cant serum lutein increases as well. Also, 
since eggs were used as the dietary intervention to supply 
lutein and zeaxanthin, it is possible that the store-bought eggs 
may have a higher content of zeaxanthin than lutein, previous 
work by us [32], have shown similar levels of both carotenoids 
in store bought eggs. If the eggs consumed had higher 
amounts of zeaxanthin it is possible that this would result 
in greater increases in serum zeaxanthin levels compared to 
serum lutein levels. Previously, Vishwanathan et al. [32], and 
Goodrow et al. [30], observed reduced serum response to lutein 
and zeaxanthin dietary supplementation in populations with 
higher baseline serum levels, fi ndings consistent with Yeum et 
al. [39]. However, an interesting aspect of the current study’s 
fi ndings reveals the strong serum responses noted above, 
despite higher baseline serum lutein and zeaxanthin levels 

(0.27 ± 0.04 and 0.06 ± 0.01, respectively) versus the baseline 
values reported by Vishwanathan et al. [32], (0.142 ± 0.010 and 
0.033 ± 0.003, respectively). The inconsistent fi ndings in the 
current study may be attributable to any of a number of factors 
identifi ed by existing theories under development, including 
the possibility that the form of dietary lutein and zeaxanthin 
supplementation (e.g., synthetic versus organic) may impact 
bioavailability. The biochemical complexities inherent in this 
observed bioavailability variance is perhaps best controlled for 
in future studies by using consistent supplementation sources 
across studies to ensure optimal comparability. 

When examining the relationship between dietary and 
serum lutein and zeaxanthin concentrations and the treatment 
or progression of AMD, a great deal of information has been 
provided by The Age-Related Eye Disease Study (AREDS) 2 
[40,41]. The goal of this study was to determine the effect of the 
addition of lutein and zeaxanthin, in place of beta-carotene, as 
well as long-chain omega-3 polyunsaturated fatty acids to the 
AREDS supplement, on the risk of developing advanced AMD. 
In general, patients receiving lutein and zeaxanthin how an 
added 10% reduction in the risk of developing advanced AMD 
compared to not receiving the combination [42]. However, 
unlike the current study, the AREDS 2 outcomes were 
determined by standardized fundus photographs and not by 
clinical examination and used much higher dosing of lutein 
and zeaxanthin from a supplement rather than a food source.

The fi ndings of the current study suggest that the present 
study demonstrates that the consumption of 12 eggs per week 
for a period of 1 year signifi cantly raises serum zeaxanthin 
concentrations and reduces glare recovery time and may 
improve, but not signifi cantly, serum lutein concentrations 
and MPOD in patients with early AMD. 
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