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Purpose: The aim of this study was to assess the impact of daily oral supplementation with 

Macushield (10 mg/d meso-zeaxanthin, 10 mg/d lutein, and 2 mg/d zeaxanthin) on eye health 

in patients with retinal diseases by assessing the macular pigment (MP) profile, the visual func-

tion, and the quality of life.

Methods: Fifty-one patients with various retinal diseases were supplemented daily and followed 

up for 6 months. The MP optical density was measured using the customized heterochromatic 

flicker photometry and dual-wavelength autofluorescence. Visual function was evaluated by 

assessing the change in best corrected visual acuity, contrast sensitivity, and glare sensitivity 

in mesopic and photopic conditions. Vision-related and general quality of life changes were 

determined using the National Eye Insititute- Visual Function Questionnaire-25 (NEI-VFQ-25) 

and EuroQoL-5 dimension questionnaires.

Results: A statistically significant increase in the MP optical density was observed using the 

dual-wavelength autofluorescence (P=0.04) but not with the customized heterochromatic flicker 

photometry. Statistically significant (P,0.05) improvements in glare sensitivity in low and 

medium spatial frequencies were observed at 3 months and 6 months. Ceiling effects confounded 

other visual function tests and quality of life changes.

Conclusion: Supplementation with the three carotenoids enhances certain aspects of visual 

performance in retinal diseases.

Keywords: macular pigment optical density, diabetes, central serous retinopathy, age-related 

macular degeneration

Introduction
The past decade has witnessed an increasing interest in the possible beneficial role of 

macular pigment (MP) in aspects of visual performance.1 The MP composed of xan-

thophyll carotenoids, lutein, zeaxanthin, and meso-zeaxanthin is concentrated within 

the photoreceptor axons of the foveola and the plexiform layers of the macula.2 The 

prereceptoral location and short-wavelength absorption by MP may together limit 

photooxidative damage to retinal cells and maintain the quality of vision.3

Oxidative stress contributes to the pathogenesis of several retinal diseases, such as 

age-related maculopathy (ARM) and diabetic retinopathy (DR).4,5 The role of oxidants 

in more acute conditions remains unclear.

Generally, retinal diseases that affect the macula result in poor central visual 

performance. Some macular disorders are amenable to treatment, but efficacy may 

be limited, highlighting the importance of optimizing the visual performance and 

minimizing the factors that may exacerbate the progression.
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Lutein and zeaxanthin are of dietary origin, whereas meso-

zeaxanthin is not typically found in diet but has been identified 

in some fish species.6,7 Interestingly, however, the concentra-

tions of lutein, zeaxanthin, and meso-zeaxanthin at the macula 

are in equal amounts (in a ratio of 1:1:1),8 and meso-zeaxanthin 

is believed to be formed at the macula by conversion from 

lutein,9 but the mechanism for such a conversation has not 

yet been confirmed, and further work in this area is merited.10 

A substantial proportion of patients in the Lutein Nutrition 

effects measured by Autofluorescence (LUNA) study and in 

the Carotenoids in Age-related Eye Disease Study (CAREDS) 

showed no change in MP optical density (MPOD) following 

supplementation with lutein and zeaxanthin.11,12 The retinal 

uptake of circulating carotenoids is likely influenced by an 

individual’s genetic make-up, lipoprotein and apolipoprotein 

profiles, body fat content, and local ocular factors that include 

the degradation properties of local oxidants.12 The complexity 

of such interactions may explain the contradictions and con-

troversies in the literature relating to the effects of carotenoid 

supplementation. It is also possible that changes in MP levels 

in the retina may be under- or overestimated by the measure-

ment method;13,14 some methods have focused on the peak 

MPOD at the fovea relative to an eccentric retinal location and 

have ignored the majority of the total pigment complement, 

located over paracentral macular locations.14,15

In this exploratory study, we aim to evaluate the effect of 

oral MP supplementation in eyes with retinal pathology in 

terms of peak MPOD, total complement of MP, and visual 

performance.

Methods
Ethics statement
This interventional, prospective, exploratory study (EudraCT 

number 2013-005286-39) was conducted following the 

approval from the Institutional Review Board Ethics 

Committee (12/LO/1139) (NRES Committee London City 

and East London), and all participants gave their written 

informed consent. The study adhered to the principles of the 

Declaration of Helsinki.

Patients
The key inclusion criteria were patients of either sex aged 

18 years or older attending the Medical Retina Clinics for 

any retinal problem with adequate media clarity, pupillary 

dilation, and subject cooperation sufficient for visual func-

tion tests and retinal imaging. Patients with previous macular 

laser, pan retinal photocoagulation, glaucoma, or decreased 

vision due to nonretinal causes were excluded.

Patients who attended all the Medical Retina Clinics in 

Moorfields Eye Hospital and who were eligible for this study 

based on the inclusion/exclusion criteria were invited to 

participate in the study, and a patient information sheet was 

provided. Informed consent was obtained from the patients 

prior to performing any study procedure. All eyes continued 

to receive usual clinical care appropriate for the management 

of the retinal disease. We included 51 patients in this study, 

and 49 patients completed the study.

Intervention
MP supplementation consisting of 10 mg lutein, 2 mg zeax-

anthin, and 10 mg meso-zeaxanthin was provided as commer-

cially available food supplement; Macushield capsules were 

supplied by Macuvision Europe (West Midlands, UK), which 

is now a part of Alliance Pharma Plc. The Macushield cap-

sules were taken orally once daily for 6 months. The hospital 

pharmacy was responsible for drug accountability. All unused 

Macushield capsules were returned to the trial (EudraCT 

number 2013-005286-39) pharmacist who maintained the 

drug accountability log in the hospital pharmacy file.

Assessments
After receiving the written informed consent at screening, 

patients underwent MP measurements, visual function 

tests, ocular examination, retinal imaging, and answered 

the questionnaires.

Assessment of MP
The MPOD was measured using the following two tech-

niques: customized heterochromatic flicker photometry 

(cHFP) and dual-wavelength autofluorescence (DWAF). 

Using cHFP, MPOD was measured using a 1° circular 

stimulus centered on the fovea. The stimulus field flickered 

between 458 nm (close to peak MP absorbance) and 570 nm 

(outside the MP absorption spectrum), and the radiance of 

one component was adjusted to achieve a subject-specific 

flicker null. A  similar measurement was obtained using 

a 4° circular field centered at 7° eccentricity. MPOD was 

computed from the radiance settings at the central location 

relative to those at the eccentric location. Patients had a 

practice session prior to test commencement. cHFP flicker 

frequencies were optimized following the determination of 

individual critical flicker fusion frequency measurements; 

this aimed to maximize the ease and accuracy of cHFP 

measurements. Each flicker null was measured on four occa-

sions, and the average reading at each retinal location was 

used to compute a mean MPOD value relative to that at 7° 
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eccentricity. For the purposes of this study, it was assumed 

that the relative MPOD value obtained for the central area 

was equivalent to the value at the edge of the circular 

stimulus, ie, at 0.5° eccentricity.16–18 Patients  underwent 

DWAF imaging using a modified confocal scanning laser 

ophthalmoscope (Heidelberg HRA, Heidelberg, Germany). 

Images were obtained using two argon lasers (radiation 

488  nm and 514  nm) and aligned automatically accord-

ing to the anatomic landmarks, such as the retinal blood 

vessels. A map of the relative MPOD of each pixel was 

obtained by digital subtraction of the log autofluorescence 

data at the two wavelengths. The MPOD maps were used to 

compute the mean two-dimensional distribution profiles in 

each patient relative to the mean value for an annulus at 7° 

(comparable to the cHFP method) and 10.5° eccentricities. 

MPOD with reference to 7° and the total complement of MP 

(analogous to volume) were obtained for the central 21° by 

summating pixel-related optical density values. For direct 

comparison with the cHFP technique, the MPOD value at 

0.5° eccentricity was measured.

Visual function tests
All visual function tests were performed at baseline and 

repeated at 3 months and 6 months. These tests included best 

corrected visual acuity (BCVA), contrast sensitivity, mesopic 

and photopic contrast sensitivities with and without glare 

sensitivity, and vision-related quality of life questionnaire 

(NEI-VFQ-25).41

BCVA for each eye was measured using the standard 

Early Treatment of Diabetic Retinopathy Study (ETDRS) 

protocol at 4 m distance with a modified ETDRS distance 

chart. Visual acuity was scored as the total number of ETDRS 

letters read correctly at 1 m.

Contrast sensitivity measurement was performed after 

visual acuity measurements, with the Pelli-Robson chart 

(Clement Clarke Inc., Harlow, UK) at a distance of 1 m and 

chart luminance of 80–120 cd/m2.

Contrast sensitivity function in varying day-to-day 

conditions including glare sensitivity was also measured 

using the functional acuity contrast test (FACT; Functional 

Vision Analyzer®; Stereo Optical, Chicago, IL, USA). This 

unit allows the background illumination within the unit to be 

monitored and controlled, so that photopic and mesopic con-

trast and glare sensitivity can be measured at different levels. 

The contrast sensitivity function was measured at spatial 

frequencies of 1.5 cpd, 3 cpd, 6 cpd, 12 cpd, and 18 cpd.19

The NEI-VFQ-25 has been developed by the National 

Eye Institute.20 This validated self-administered questionnaire 

consists of 25 questions, with a total score and subscores 

ranging from 0 to 100. In this questionnaire, the score of 

0 corresponds to the lowest vision-related quality of life and 

the score of 100 corresponds to the highest vision-related 

quality of life. There are twelve subscales, each consist-

ing of one or more questions. These subscales are general 

health, general vision, ocular pain, near activities, distance 

activities, vision-specific social functioning, vision-specific 

mental health, vision-specific role difficulties, vision-specific 

dependency, driving, color vision, and peripheral vision.

The EuroQoL-5 dimension (EQ-5D) is a validated, gen-

eralized, and standardized instrument measuring self-rated 

general health-related quality of life, consisting of a three-

level response (no problems, some problems, and extreme 

problems) for the following five domains related to daily 

activities; 1) mobility, 2) self-care, 3) usual activities, 4) pain 

and discomfort, and 5) anxiety and depression.21

Retinal imaging
The macular thickness and morphology was assessed using 

the Spectralis spectral domain optical coherence tomography 

(OCT). The OCT volume scan was performed at every visit 

on a 20°×20° cube, with 49 horizontal raster lines, each 

containing 1,064 pixels, separated by 125  µm. Two-field 

fundus color photographs were performed at baseline and 

exit visit at 6 months.

Food frequency questionnaire
Each patient was questioned as to their weekly intake of 

carotenoid-rich foods at baseline, 3 months, and 6 months. 

Carotenoid-rich foods were defined as dark leafy vegetables, 

broccoli, eggs, and corn. The carotenoid diet score of the 

patient was obtained after imputing the patient’s answers 

into the lutein/zeaxanthin screener. This screener has been 

previously described by Nolan et al.22 Low, medium, and 

high carotenoid dietary intake was defined as score 0–15 

(#2 mg/d), score 16–30 (2,x#13 mg/d), and score 31–75 

(.13 mg/d), respectively.

Assessment of compliance
Patient compliance with study drug was assessed at each visit. 

Compliance was monitored by capsule counts performed 

by site pharmacy personnel at 3  months and 6  months. 

Compliance was evaluated as the percentage of prescribed 

pills taken since the previous evaluation. If this percentage 

is #80 for the time period, then the patient was categorized as 

noncompliant for the time period since previous evaluation. 

Noncompliance was not a reason for termination from the 
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study, but the reasons for noncompliance were explored and 

documented. Site personnel took extra efforts to ensure that 

noncompliant patients improve their compliance by frequent 

telephone reminders and counseling. Any deviations from 

the prescribed dosage regimen were recorded.

Outcome measures
The primary outcome measure was the median change in 

peak MPOD at 6 months. The secondary outcomes included 

changes in MPOD at 3 months, mean change in “total” MP 

at 3 months and 6 months, mean change in BCVA in ETDRS 

letters, contrast sensitivity using the Pelli-Robson chart, 

photopic and mesopic contrast sensitivity with and without 

glare sensitivity measured using the FACT, NEI-VFQ-25, 

and EQ-5D scores over 6 months.

The anatomical changes measured included change 

in central subfield thickness on OCT over 6 months. The 

changes in diet assessed by the food frequency questionnaire 

and compliance to treatment were also evaluated.

All changes in glycated hemoglobin in people with diabetes 

were recorded. Adverse events were collected and reported.

Statistics
Descriptive data summaries (mean, SD, median, and range) 

were calculated at 3 months and 6 months. The primary effi-

cacy analysis of the change from baseline in MPOD using 

the Heterochromic Flicker Frequency (HFF) and DWAF and 

total MP using the DWAF was analyzed using ANCOVA. All 

the secondary outcome measures were analyzed regardless of 

the significance of the primary outcome measure. Differences 

between two time points within patients were assessed using 

the paired-samples t-tests for parametric data or Wilcoxon 

rank sum test for nonparametric data. Statistical significance 

was set at the 5% level, and all analyses were undertaken 

using IBM SPSS Statistics Version 21 (IBM Corporation, 

Armonk, NY, USA). As the trial is exploratory, no formal 

power calculation was done.

Results
Baseline characteristics
Sixty-seven patients were approached in clinics, and 

51  patients agreed to participate in this study. Of the 

51 patients recruited, 49 patients completed the study with 

two withdrawals after visit 1. Therefore, we report data for 

n=49 patients (Table 1). The first patient was recruited on 

December 5, 2012, and the last patient exited the study on 

January 14, 2014. The two patients who withdrew from the 

study voluntarily discontinued, and withdrawal for both 

patients was assigned as not supplement related. Over half 

of the patients had diabetes. One eye was allocated as the 

study eye for this project. The study eyes had the following 

characteristics: normal eyes (n=4), DR with no macular 

edema (n=10), diabetic macular edema (n=10), age-related 

macular degeneration (AMD; early ARM, n=12; advanced 

AMD, n=8), and central serous retinopathy (CSR, n=5).

Customized heterochromatic flicker 
photometry MPOD
The mean MPOD ± SD values were 0.49±0.04 at baseline, 

0.54±0.05 at 3  months, and 0.52±0.07 at 6  months. The 

frequency of distribution of cHFP MPOD values of the 

49 patients over the period of the study is shown in Table 2 

with more patients progressing to above the baseline MPOD 

with oral supplementation. However, the results were not 

statistically significant.

Dual-wavelength autofluorescence
We found an increase in mean DWAF MPOD at 3 months 

and a statistically significant increase at 6 months with ref-

erence to 7° (P=0.31 and P=0.041, respectively; Table 2). 

Table 1 Baseline demographics of the study participants

Variables Data

Number of patients (eyes), n 49 (49)
Sex, n (%)

Males 23 (46.9)
Females 26 (53.1)

Age (years), mean (SD) 59.4±13.6
Ethnicity, n (%)

Asian or Asian British 12 (24.5)
Black or Black British 3 (6.1)
White or White British 34 (69.4)

Diabetes, n (%) 26 (53.1)
Type 1 3 (11.5)
Type 2 23 (88.5)

BMI (kg/m2), mean (SD) 28.8±6.1
HbA1c (%), mean (SD) in diabetic population 8.3±1.9
Systolic BP (mmHg), mean (SD) 134.9±17.3
Diastolic BP (mmHg), mean (SD) 83±13.2
Retinal diseases, N (%)

Normal 4 (8.2)
Diabetic retinopathy

DR with no macular edema 10 (20.4)
DR with macular edema 10 (20.4)
Early ARM 12 (24.5)
AMD 8 (16.3)
CSR 5 (10.2)

BCVA (ETDRS letters), mean (SD) 83.2±7.6

Abbreviations: AMD, age-related macular degeneration; ARM, age-related 
maculopathy; BCVA, best corrected visual acuity; BMI, body mass index; BP, blood 
pressure; CSR, central serous retinopathy; DR, diabetic retinopathy; ETDRS, Early 
Treatment of Diabetic Retinopathy Study; HbA1c, glycated hemoglobin.
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The  percentage change in the total complement of MP 

within the central 21° was 45.5% at 3 months and 67.0% 

at 6 months.

MP spatial profile using DWAF in various 
disease groups
The macular spatial profiles of MPOD averaged for dif-

ferent disease groups are compared in Figure 1. Normal 

eyes showed a mean relative MPOD of 0.71±0.21 at 0.5° 

eccentricity. There was a significant overlap in profile 

between diseases and with normal eyes. Figure 1 shows the 

mean baseline MPOD in each disease group. Individuals 

with CSR had the lowest mean MPOD at 0.5° eccentricity 

(0.44±0.21). The mean MPOD was 0.52±0.35 in eyes with 

mild DR with dry macula, 0.64±0.32 in eyes with DR with 

maculopathy, and 0.60±0.32 in eyes with early age-related 

macular changes, including drusen and retinal pigment 

epithelial changes, and 0.52±0.20 in eyes with advanced 

macular degeneration. Following the supplementation, there 

was a significant increase in the measurements of total MP 

complement (Figure 2), which was greatest for eyes with 

CSR and diabetic maculopathy.

Visual performance
The mean ± SD BCVAs at baseline, 3 months, and 6 months 

were 83.2±7.6, 82.7±9.1, and 84.4±8.2, respectively. There was 

no statistical difference in BCVA from baseline to 3 months 

(P=0.807). However, there was a significant improvement in 

BCVA from baseline to 6 months (P=0.038).

The mean Pelli-Robson contrast sensitivity score was also 

found to be not significant between baseline (36.1±4.2) and 

3 months (36.6±4.7) and 6 months (37.3±4.2; P=0.531 and 

P=0.821, respectively). At 6 months, the change in contrast 

sensitivity ranged from −6 to +10 letters.

The FACT showed that contrast sensitivity improved 

from baseline for several spatial frequencies at 3  months 

and 6  months in both photopic and mesopic conditions 

(Table 3). Contrast sensitivity under glare conditions also 

showed a statistically significant improvement from baseline 

for several spatial frequencies at 3 months and 6 months in 

both photopic and mesopic conditions.

NEI-VFQ-25 by total and subscales
There was a significant improvement in the vision-related 

quality of life from baseline to 3  months and baseline to 

Table 2 Change in macular pigment optical density and total macular pigment complement using the DWAF

Parameter Baseline, 
mean (SD)

3 months 
mean (SD)

Change in 
0–3 months, 
mean (SD)

P-value 6 months, 
mean (SD)

Change in 
0–6 months, 
mean (SD)

P-value

Macular pigment optical density: n=49
DWAF optical density 0.5 
with 7° reference

0.31±0.25 0.39±0.26 0.081±0.26 0.31 0.39±0.27 0.082±0.274 0.041

Macular pigment volume: n=49
DWAF volume with 10.5° 
reference

3,466.7±3,179.3 5,048.5±3,376.6 1,581.8±3,627.1 0.004 5,791.1±4,110.0 2,324.3±4,134.1 ,0.001

Notes: Results are in response to an analysis of variance; significant P-values are those 0.05. 
Abbreviation: DWAF, dual-wavelength autofluorescence.

Figure 1 Averaged MPOD profiles in patients at baseline per retinal disease.
Abbreviations: AMD, age-related macular degeneration; ARM, age-related 
maculopathy; CSR, central serous retinopathy; DR, diabetic retinopathy; MPOD, 
macular pigment optical density.

°
Figure 2 Averaged MPOD profiles in patients at 6 months post-supplementation 
per retinal disease.
Abbreviations: AMD, age-related macular degeneration; ARM, age-related 
maculopathy; CSR, central serous retinopathy; DR, diabetic retinopathy; MPOD, 
macular pigment optical density.

°
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6 months (P=0.005 and P=0.002, respectively). Statistically 

significant changes were also found in the subscales of 

NEI-VFQ-25 (Table 4). At 3 months, patients reported an 

improvement in distance activities (P=0.028), mental health 

(P=0.006), and peripheral vision (P=0.048). At 6 months, 

patients reported an improvement in near activities (P=0.001), 

distance activities (P=0.017), mental health (P=0.003), and 

role difficulties (P=0.043). There was a ceiling effect for the 

EQ-5D utility score (77%). Serious ceiling effects existed 

in all domains of EQ-5D, and the largest ceiling effect was 

observed for mobility (82%) and self-care (92%) domains. 

No patient scored at the floor of the EQ-5D utility. Three 

participants who showed an improvement in anxiety and 

depression drove the EQ-5D results. Serious ceiling effects 

existed in all domains of NEI-VFQ-25, and 57.1% of patients 

scored $87.5 at baseline. No patient scored at the floor of 

the NEI-VFQ-25 domain scores.

Optical coherence tomography
There is no significant change in central retinal subfield 

thickness between the study visits in the total study 

population: 3  months, P=0.708; 6  months, P=0.613. 

Analyses for change in central subfield thickness also 

revealed no significant change in central retinal subfield 

thickness (P.0.05).

Compliance to supplementation
Mean ± SD supplement compliance for the study at 6 months 

was 99.3%±3.3%. There was no reported change to the caro-

tenoid content of the participant’s diet based on the completed 

food frequency questionnaire.

Safety outcomes
There were 16 adverse events and none were related to the 

supplementation. We attributed the indigestion reported by 

the participant who withdrew to a past medical history of acid 

peptic disease. In most patients (78.3%), there was either no 

change or a decrease in glycated hemoglobin at 3 months 

compared to baseline (range: 0.0 to −2.7). This proportion 

increased slightly to 80% at 6 months compared to baseline 

(range: 0.0 to −3.5). Only one patient (2%) required treatment 

as per the standard of care during the period of the study.

Discussion
This exploratory study shows that oral supplementation 

with a combination of lutein 10 mg, zeaxanthin 2 mg, and 

Table 3 Change in contrast sensitivity measurements in various conditions

Spatial 
frequency 
(cycles)

Baseline, 
mean (SD)

3 months, 
mean (SD)

Change in 
0–3 months, 
mean (SD)

P-value 6 months, 
mean (SD)

Change in 
0–6 months, 
mean (SD)

P-value

Night testing with glare
1.5 18.6±19.4 33.3±27.9 14.7±26.5 0.001 37.5±25.7 18.9±23.7 ,0.00
3 33.2±25.8 56.3±34.9 23.2±36.5 0.002 58.9±39.0 25.7±36.1 0.001
6 25.3±18.9 55.5±52.4 30.2±46.0 0.003 48.5±40.7 24.3±36.3 0.002
12 7.1±4.3 15.9±17.8 8.8±16.7 0.053 17.2±15.6 9.8±15.9 0.047
18 2.8±1.1 4.0±4.5 1.2±3.9 0.529 3.2±2.7 0.4±1.6 1.00
Night testing without glare
1.5 40.4±31.2 56.6±33.0 16.2±27.9 ,0.001 65.2±30.6 24.7±31.7 ,0.001
3 47.7±32.0 74.8±45.8 27.1±37.2 ,0.001 81.3±45.6 33.6±48.6 ,0.001
6 39.2±33.2 59.6±44.5 20.4±31.2 ,0.001 74.3±59.0 34.6±48.6 ,0.001
12 9.2±7.3 19.8±20.7 10.6±17.3 0.004 23.9±26.7 15.0±23.0 0.002
18 3.8±3.6 7.1±5.3 3.4±5.1 0.103 9.3±6.9 4.7±6.5 0.065
Day testing with glare
1.5 36.9±25.9 52.4±30.5 15.5±24.8 ,0.001 51.7±28.7 14.8±29.5 0.002
3 56.6±34.8 84.1±41.1 27.5±35.7 ,0.001 83.3±42.8 28.5±41.8 ,0.001
6 56.6±34.8 81.4±51.6 24.7±43.3 0.001 88.4±58.1 32.5±51.3 ,0.001
12 26.0±22.5 33.0±27.0 7.0±20.1 0.05 39.6±35.1 14.9±30.4 0.008
18 10.3±7.2 15.4±17.2 5.0±13.1 0.078 14.3±13.1 4.5±10.2 0.036
Day testing without glare
1.5 36.7±24.6 52.0±28.2 15.2±24.8 ,0.001 57.0±31.3 20.1±30.9 ,0.001
3 53.6±31.8 77.6±2.85 24.0±33.8 ,0.001 85.9±49.4 32.2±44.5 ,0.001
6 62.9±49.8 86.3±55.3 23.4±35.7 ,0.001 90.3±59.4 27.1±44.5 ,0.001
12 27.8±23.1 42.7±35.4 14.9±22.2 0.001 53.0±42.7 25.9±34.5 ,0.001
18 8.9±7.7 13.0±14.4 4.1±11.3 0.071 14.0±11.3 4.9±10.4 0.022

Notes: Results are in response to an analysis of variance; significant P-values are those 0.05.
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meso-zeaxanthin 10 mg daily for 6 months in patients with 

retinal pathology increased the mean MPOD and mean total 

complement of MP at 6 months when measured using the 

DWAF. These changes were associated with significant 

increases in contrast sensitivity at low and medium spatial 

frequencies. Other visual function tests and quality of life 

changes also showed improvements.

The significant changes in MPOD parameters revealed 

using the objective DWAF measurement technique were not 

detected using cHFP. The reasons for this discrepancy may 

be both measurement and disease related. Previous studies 

have demonstrated high correlation and correspondence 

between the DWAF and minimum flicker23 and minimum 

motion24 techniques. However, psychophysical measure-

ments are subjective and may be difficult for naïve observers, 

particularly in the context of retinal disease associated 

with an impaired visual function, and this was consistent 

with the large intrasession SDs for cHFP in some patients. 

Canovas et al assessed the reliability and validity of cHFP 

as a measurement tool for MPOD. They recommended that 

cHFP was suitable for use in patients with no retinal pathol-

ogy as the unreliability of data increased in the presence 

of retinal pathology and increased age.23 The discrepancy 

may also relate to methodology; the cHFP instrument used 

in this study involved a computation of MPOD relative to 

the value obtained for a 4° field centered at 7° eccentricity 

(between 5° and 9° eccentricity), but the MPOD may vary 

significantly over these eccentricities (Figure 1). Addition-

ally, localized retinal pathology may affect the reference 

and central locations differently; such effects would be less 

using the DWAF as measurements are derived from radial 

measurements (concentric circles).

There is a growing body of evidence showing that oral 

supplementation of the three carotenoids improves mean 

MPOD.1,24–26 However, our study shows significant interin-

dividual variations in “central” MPOD. This may be related 

to the primary condition of the retina. There is evidence from 

studies on patients with chronic CSR and advanced AMD 

that the uptake of oral carotenoids by degenerated retina 

is unpredictable.27,28 Multiple factors such as saturation of 

carotenoid-binding proteins29 and reduced load of health 

retinal cells that can perform the function30 may explain 

these variations.

Oral supplementation of these carotenoids improved 

the mesopic and photopic contrast sensitivities and glare 

sensitivity in people with retinal diseases. Patients with 

Table 4 Change in the quality of life as measured by NEI-VFQ-2520 and EQ-5D39

Parameters Baseline, 
mean (SD)

3 months, 
mean (SD)

Change in 
0–3 months, 
mean (SD)

P-value 6 months, 
mean (SD)

Change in 
0–6 months, 
mean (SD)

P-value

Vision-related quality of life
NEI-VFQ-25 composite 84.8±14.5 87.8±11.9 3.04±6.98 0.005 89.3±11.5 3.58±7.11 0.002
Effect size 0.23 0.34
Subscales
General health 62.2±23.6 60.6±19.6 −1.7±17.8 0.538 58.9±19.3 −3.3±17.4 0.204
General vision 70.2±19.4 74.2±17.9 4.0±13.9 0.060 76.0±15.7 3.1±14.7 0.164
Ocular pain 84.2±16.1 86.4±16.0 2.2±14.7 0.315 87.8±14.0 3.6±13.5 0.079
Near activities 80.6±21.5 83.1±19.0 2.3±11.9 0.151 87.5±18.9 5.6±10.3 0.001
Effect size 0.34
Distance activities 85.3±18.2 88.2±16.1 3.0±8.7 0.028 89.0±16.9 3.7±10.0 0.017
Effect size 0.17 0.28
Social functioning 93.3±915.2 95.3±11.7 1.9±8.4 0.128 95.6±11.0 1.9±7.5 0.090
Mental health 80.0±21.3 86.3±12.5 6.3±14.7 0.006 87.1±14.8 5.3±11.5 0.003
Effect size 0.36 0.39
Role difficulties 80.3±22.4 84.2±20.5 3.9±19.7 0.193 86.7±19.1 5.3±17.0 0.043
Dependency 94.6±15.0 95.2±11.0 0.6±10.7 0.730 95.9±10.1 0.6±9.6 0.701
Driving 90.3±17.0 92.7±16.0 2.3±8.2 0.166 93.0±16.3 3.3±9.0 0.076
Color vision 93.3±16.3 95.0±12.6 1.7±15.4 0.473 97.2±9.6 2.2±14.9 0.323
Peripheral vision 85.6±23.5 90.6±16.2 5.0±16.5 0.048 90.6±16.2 5.0±18.2 0.071
Effect size 0.25
Quality of life – overall health score index
EQ-5D 0.89±0.13 0.89±0.13 0.005±0.083 0.706 0.92±0.13 0.032±0.096 0.034
Effect size 0.23

Notes: Results are in response to an analysis of variance; significant P-values are those 0.05.
Abbreviation: EQ-5D, EuroQoL-5 dimension.
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retinal diseases have problems seeing in dim lighting and 

at night despite minimal or no impairment in visual acuity 

measured using the ETDRS letters. The rods are more vul-

nerable than the cones in both AMD and DR. These subtle 

changes in visual function may not be observed as a change 

in ETDRS letters as the test evaluates black letters on a white 

background from a distance. The FACT that we used in this 

study is considered to be more informative and accurate in 

assessing our day-to-day vision and has been used in previ-

ous studies evaluating the MP supplementation.19 Contrast 

sensitivity is a better predictor of the quality of visual function 

in macular diseases compared to visual acuity. Liu et al25 also 

noted a similar improvement in contrast sensitivity at middle 

and low frequencies.

The standard visual acuity testing using the ETDRS 

letters did not change at 3 months but showed a significant 

improvement at 6 months. Weigert et al31 suggested a similar 

delayed response of visual function in a well-powered ran-

domized controlled trial on lutein supplementation in patients 

with ARM. In a meta-analysis of studies that evaluated the 

effect of lutein and zeaxanthin on visual function in patients 

with AMD, Liu et al25 showed that visual acuity gains may 

be noted only after 6 months compared to the more rapid 

response of increase in MPOD. The mean change of ETDRS 

score in our study was 1.5±4.6 letters. The intersession vari-

ability of visual acuity ETDRS score is ten letters in early 

AMD and eleven letters in advanced AMD.32 Therefore, we 

should view these significant mean visual acuity results with 

caution. Weigert et al31 also evaluated the visual function as 

change in ETDRS letters and noted a very similar change of 

2.1±0.4 letters after 6 months.

Contrast sensitivity using Pelli-Robson scores did not 

change significantly in this study. A change criterion of 

six or more letters in Pelli-Robson chart in early AMD is 

recommended as a treatment effect in clinical trials.32,33 Two 

previous randomized controlled trials on oral carotenoid 

supplementation in ARM that used Pelli-Robson to evalu-

ate contrast sensitivity also did not show any statistically 

significant change.34,35

The improvements in specific visual functions were also 

reflected in an improvement in the vision-related quality 

of life in mental health and near and distant vision and the 

general health-related quality of life measured using EQ-5D. 

This is the first study that has shown an improvement in 

patient-related outcomes following oral supplementation. 

Previous studies that evaluated visual function in ARM 

have not shown any significant changes after carotenoid 

supplementation.35,36 This discrepancy may be explained by 

the fact that this study consisted of patients with other retinal 

diseases, such as diabetic maculopathy and CSR where the 

resolution of macular pathology due to the natural history of 

the disease may have confounded the results. Furthermore, 

given the serious ceiling effects in both NEI-VFQ-25 and 

EQ-5D, these significant changes should be interpreted 

with caution. Previous studies showed that EQ-5D would 

be more suitable for measuring the health of patients with 

more morbidity.37–39 A majority of the patients in this cohort 

had normal or very minimal pathology in the nonstudy eye 

and would have contributed to the serious ceiling effects 

and the overall visual function of the individuals. The study 

results also inform us that the questionnaires used in this 

study may have been inadequate for demonstrating the 

functional effects of the supplementation. The NEI-VFQ-25 

has only three items on low-luminance tasks that are focused 

exclusively on night vision, glare, and driving. It may be 

more appropriate to use the low-luminance questionnaire 

to evaluate the patient-related outcome measure in future 

studies on supplementations that improve glare sensitivity 

and night vision.40 Our study also showed that compliance 

with oral supplementation is very good in patients with retinal 

diseases. A limitation of this study is that plasma lutein was 

not measured. As such, we cannot rule out that those patients 

who had little increase in MPOD showed low adherence to 

the study medication.

Conclusion
In conclusion, this study has demonstrated an increase 

in MPOD objectively following the 6 months of macular 

carotenoid supplementation using the DWAF. Patients had a 

significant improvement in glare disability and low-contrast 

sensitivity, and so these tests may be a better outcome 

measure than the standard visual function outcome measures, 

such as change in ETDRS letters and contrast sensitivity 

letter scores using the Pelli-Robson test. Given that most of 

the patients in this study had diabetes or AMD, our study 

results may have important implications in improving the 

commonly reported problem of glare disability in these 

populations. Therefore, the findings in this study warrant 

further investigation in larger well-powered studies with 

longer follow-up in each disease area explored in this study 

to better understand the impact of this oral supplementation 

on visual performance.
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