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Abstract
Purpose—To report the macular pigment optical density (MPOD) findings at 0.5° of eccentricity
from the fovea in elderly subjects participating in ARMA, a study of aging and age-related
maculopathy (ARM) ancillary to the Health, Aging, and Body Composition (Health ABC) Study.

Methods—MPOD was estimated with a heterochromatic flicker photometry (HFP) method in a
large biracial population sample of normal 79.1 ± 3.2-year-old adults living in the Midsouth (n =
222; 52% female; 23% black, 34% users of lutein-containing supplements). Within a modified testing
protocol, subjects identified the lowest and the highest target intensity at which the flicker sensation
disappeared, and the exact middle of this “no-flicker zone” was interpolated by the examiner.

Results—An MPOD estimate was obtained successfully in 82% of the participants. The mean
MPOD in our sample was 0.34 ± 0.21 (SD). The interocular correlation was high (Pearson’s r =
0.82). Compared with lutein supplement users, mean MPOD was 21% lower in nonusers (P = 0.013).
MPOD was also 41% lower in blacks than in whites (P = 0.0002), even after adjustment for lutein
supplement use. There were no differences in MPOD by gender, iris color, or history of smoking.

Conclusions—Older adults in the Midsouth appear to have average MPOD and interocular
correlation comparable to those in previous studies. Lutein supplement use and white race correlated
with higher MPOD. No evidence of an age-related decline in MPOD was seen in the sample. The
HFP method for the measurement of MPOD is feasible in epidemiologic investigations of the elderly,
the group at highest risk of ARM.

The main constituents of the yellow pigment of the human fovea are two carotenoids, lutein
and zeaxanthin, collectively termed macular pigment (MP). Oxidative stress is high in the retina
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due to the intense light exposure and the high rate of oxidative metabolism, especially in the
macula.1–3 It has been hypothesized that the MP may protect the macular tissue from oxidative
damage1,4; may contribute to improving visual acuity and visibility by absorbing short-
wavelength light5; and, by these mechanisms, may play a role in protecting the retina from the
development of age-related maculopathy (ARM).1,3,4 Epidemiologic data supporting this
hypothesis are conflicting,1,3,6–16 but these studies have been based on serum or dietary lutein
and zeaxanthin measurement and not direct ocular measurements.

During the past 10 years, several noninvasive methods have been developed to quantify
macular MPs in vivo. The bases and applications of these methods have been reviewed recently.
17–21 The most commonly and most extensively validated method used is a psychophysical
test based on heterochromatic flicker photometry (HFP).17,22 Subjects taking the test with
this technique are asked to find the point at which the sensation of flicker in test targets
disappears. The range of intensity within which flicker is no longer appreciated is termed the
“no-flicker zone.” Ordinarily, the subject is asked to identify empirically the middle of the no-
flicker zone with progressively finer adjustments of the knob and to push a button at the
subjectively determined point.

Several studies have reported the characteristics and correlates of MPOD measured with the
HFP-based method in distinct American and European population samples, most of which
focused on young to middle-aged adults.2,17,23–46 Of the few studies that involved older
subjects,29,31,35,37,42,43 only that of Snodderly et al.42 focused on methodological issues
and challenges pertaining to MPOD testing in the elderly, reporting highly reproducible results
within a median time of 45 minutes to test both eyes. Herein, we illustrate our findings in a
large sample of elderly individuals from the Midsouth with a simpler protocol modified for
use in geriatric populations in an epidemiologic setting.

Methods
The ARMA Study Population

The ARMA Study focused primarily on a sample of participants from the Health ABC study,
a biracial cohort of more than 3000 highly functional elderly individuals 70 years old or older
at study inception. Health ABC is being conducted in two U.S. cities: Memphis and Pittsburgh.
Our study included an enriched sample of the Memphis Health ABC cohort (which consists
of more than 1300 individuals), participating in years 6 and 7 of the Health ABC study and an
independently funded arm of the study in which non–Health ABC participants from the general
Memphis metropolitan elderly population were also enrolled.

All participants were free of diabetic retinopathy and glaucoma or any other overt retinal and/
or optic nerve disease (as determined by history, clinical examination, or both) that may
confound or otherwise affect MPOD determinations. Subjects with unilateral conditions such
as macular hole or amblyopia were allowed to participate as long as the fellow eye met the
inclusion criteria. All participants underwent detailed eye examinations, including
documentation of lens opacity based on published AREDS (Age-Related Eye Disease Study)
criteria,47 iris color (categorized as blue-gray, green, hazel, brown, or black), and stereo fundus
photography of the macula. Photographs were obtained and graded in a masked fashion
according to the published AREDS criteria.48 Only elderly subjects free of ARM by both
clinical and masked fundus photograph grading criteria are included in this report. The resultant
study sample included 222 subjects, 52% of which were women and 23% of which were black.
Only six of the participants were active smokers, whereas 101 were previous smokers and 113
had never smoked. Smoking information was not available for one subject. Information was
also collected about current use of dietary supplements containing lutein. This information
could be verified in all but one participant by either direct inspection of the bottle of dietary
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supplements used by the participants (typically a multivitamin enriched with lutein), or by
obtaining the name and brand of the supplement at the time of examination and verifying
subsequently if it contained lutein supplements. Use of lutein-containing supplements (n = 75)
ranged between 0.25 mg/daily (the dosage currently found in most multivitamin supplements)
and 20 mg/daily. Additional details on the characteristics of the resulting study sample are
summarized in Table 1. All procedures conformed to the Declaration of Helsinki and were
approved by the Institutional Review Board of the University of Tennessee Health Science
Center (UTHSC).

MPOD Measurement Methodology
The HFP-based instrument used in this study (Macular Metrics Corp., Rehoboth, MA) was a
light-emitting diode (LED)–based one, derived from the one developed and reported by
Wooten et al.32 and used in several other published studies.42,49,50 In brief, the
psychophysical visual sensitivity was determined for a 1.7-log td, 460-nm flickering test
stimulus, presented in a darkened environment on a 1.5-log td, 6°, 470-nm rod-suppressing
background and alternating in counterphase with a test light at a wavelength that is not absorbed
by the MP (570 nm).

The ratio between measurements for a 1.0° foveal target (i.e., providing information on MPOD
at 0.5° eccentricity) and one obtained parafoveally with a 2° diameter stimulus centered
approximately 7° from fixation (where the MP density is minimal) provided an estimate of the
MPOD in our study. The 1.0° foveal target is the one that has been most often used in previous
studies. Fixation for the foveal target was maintained via a 5-minute spot in the middle of the
test target. For the parafoveal estimates, a small, red LED, always situated to the left of the
background field, was used as an eccentric fixation device. The flicker frequency of the two
test stimuli was always >8 Hz foveally and >5 Hz parafoveally and was optimized by the
examiner for each subject and for each stimulus (typically, between 9 and 13 Hz for the foveal
stimulus and between 6 and 10 Hz for the parafoveal stimulus). Only subjects with corrected
visual acuity of 20/100 or better in at least one eye to ETDRS (Early Treatment Diabetic
Retinopathy Study) chart testing were considered eligible to attempt MPOD determinations.
All subjects were tested with the correction at near that allowed them the sharpest resolution
of a ring test target. Both positive and negative additions to the default +1.50-D lens of the
instrument were allowed.

To minimize the variability of test results and participants’ fatigue, a slightly modified testing
protocol was used. Participants were instructed to identify the limits of the no-flicker zone for
each target, which were termed the “minimum” and the “maximum” intensities for the test
target in question. They performed the test by adjusting, first clockwise and then
counterclockwise, a knob controlling the intensity of the test targets (see Fig. S1 in the Online
Appendix, available at http://www.iovs.org/cgi/content/full/48/4/1458/DC1, for further
details), going always from flickering to not flickering and starting at the low-intensity end
(i.e., minimums first). Participants were always encouraged to blink several times when they
first thought they had reached a no-flicker point and to continue adjusting the knob until the
blinking no longer allowed the sensation of flickering in the test targets to resume. The
examiner then calculated the exact mathematical average of the minimum and maximum
numerical values, which identified the middle of the no-flicker zone, and entered it on behalf
of all subjects. For participants who had difficulty adjusting the knob on their own (e.g., in
case of tremor), the examiner performed the task on their behalf, instructing the subject to
notify the examiner immediately upon cessation of the flicker sensation. A similar strategy
recently has been used successfully by others.49,50 As detailed in the Online Appendix, with
this protocol, we could limit test repetitions to three, instead of the five to eight used in previous
studies, attaining equally accurate estimates more rapidly.
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Statistical Methods
Frequency distributions and other basic information were obtained in a spreadsheet program
(Excel; Microsoft, Redmond, WA). All other statistical analyses were performed with another
commercial program (SAS statistical software, ver. 8.1; SAS, Cary, NC). Unless otherwise
specified, all analyses were conducted on a per-subject basis (i.e., averaging the MPOD
estimates between the two eyes). For participants who could contribute an MPOD estimate
from only one eye, the value from that eye was used. To determine whether there was a
significant difference in the characteristics of participant subgroups, a two-tailed paired
Student’s t-test was used for continuous variables (e.g., MPOD) and the χ2 test was used, or
the odds ratio (OR) was calculated, for dichotomous variables, as appropriate (e.g., MPOD
estimate obtained versus not obtained). Correlations between continuous variables (e.g.,
between-eye MPOD) were approached with a general linear model and characterized by means
of the Pearson’s correlation coefficient (r). When appropriate, other potential confounding
variables were included in and controlled for in the model. Furthermore, comparisons between
multiple subgroups (e.g., by iris color) were analyzed by analysis of variance (ANOVA) and
of covariance (ANCOVA), as appropriate. Preplanned analyses included the estimation of the
MPOD interocular correlation; comparison of MPOD estimates between genders (male versus
female), races (white versus black), lutein use (lutein supplement users versus non-users), and
iris colors; and the correlation between MPOD and age. Because of the multiple additional
comparisons performed in this study, we conservatively considered P < 0.01 to be statistically
significant for all comparisons.

Results
MPOD measurements were obtained in both eyes of 157 (71%) of the 222 participants and in
at least one eye in 183 (82%) of them. The characteristics of the subjects in whom MPOD
estimates were obtainable and their breakdown by gender and race are shown in Table 2 and
are contrasted with the participants in whom an MPOD estimate could not be obtained. Of the
183 subjects in whom estimates could be obtained, 89 were men, 94 were women, and 35 (19%)
were black. Among these participants, there were 62 lutein supplement users (27 men; 35
women) and 120 nonusers (61 men; 59 women). Of the 62 users, 55 where white, whereas
there were only 7 lutein supplement users among the 35 blacks who successfully completed
MPOD testing. Nearly all of the users were taking multivitamins that contained small amounts
of lutein, 0.25 to 0.50 mg (n = 55), whereas a small number of participants (n = 7) were taking
supplements ranging between 2 and 20 mg daily.

The demographic characteristics of the subjects in whom estimates were not obtainable are
illustrated in Table 2. Reasons for their not being able to perform MPOD testing included
inability to understand (n = 15, bilaterally) or to complete (n = 4, one eye) the test; inability to
identify the maximum intensity levels necessary for the estimation of the middle of the no-
flicker zone (n = 10, 7 of whom in both eyes); unwillingness to perform the test (n = 9); and
inability to return to the clinic for testing after the initial eye examination (n = 8).

The duration of an entire testing session, from the time that subjects entered the testing room
to the time they exited it, was documented in 157 instances. On average, a session lasted nearly
52 minutes. Of this time, active testing with our protocol was 20 ± 9 minutes per eye (95% CI:
18.5–21.4 minutes per eye). Therefore, when both eyes were eligible for testing, the average
subject would require approximately 35 to 40 minutes of active testing to attain an MPOD
estimate in both eyes.
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Significant MPOD Differences by Lutein Supplement Use and Race, but Not between Genders
or by Iris Color

Table 3 details the main findings in the 183 subjects from the Midsouth who were eligible for
retention and in whom an MPOD estimate was obtained in at least one eye. The mean MPOD
in our study sample was 0.34 ± 0.21. As expected, the MPOD in the right eyes correlated highly
with that of the left eyes (Pearson’s r = 0.82; P < 0.0001). Consistent with its expected biological
correlation, the overall mean MPOD was higher (two-tailed unpaired Student’s t-test, P =
0.013) in lutein supplement users (0.39 ± 0.20) than in nonusers (0.31 ± 0.21). Furthermore,
low-dose users (≤0.5 mg/daily; n = 55) had an MPOD of 0.38 ± 0.20, and high-dose users (≥2
mg/daily; n = 7) had an MPOD of 0.51 ± 0.17. This pattern was observed consistently in both
males and females and in white and black subjects (not shown). The frequency distribution of
these estimates by lutein supplement use is illustrated in Figure 1. Users of lutein had a
substantially higher proportion of subjects in the 0.51 to 0.70 MPOD range than did nonusers
(27% vs. 12.5%), who outnumbered users in the 0.00 to 0.20 MPOD range (33% vs. 14.5%).

The frequency distribution of MPOD estimates by race is illustrated in Figure 2. On average,
the blacks had significantly lower MPODs than did whites (0.22 ± 0.23 vs. 0.37 ± 0.19, P =
0.0002), and this difference remained highly significant after adjustment for lutein supplement
use (P = 0.0007). Consistent with this observation, when this comparison was limited to
participants who did not use lutein-containing supplements, black nonusers still had
significantly lower MPODs (0.21 ± 0.23; n = 28) than did white nonusers (0.34 ± 0.19; n = 92;
P = 0.003). Both race and lutein supplement use correlated significantly and independently
with MPOD and, when both variables were included in a multivariate model, they explained
approximately 10% of the MPOD variability (r2 = 0.10).

Female nonusers had, on average, slightly higher MPODs (0.32 ± 0.20) than did male nonusers
(0.30 ± 0.21), but this difference was not statistically significant. Consistent with this
observation, gender was never a significant independent variable in any of the models.

We also investigated the relationship between MPOD and iris color. Blue-gray irises were
defined as group 1 (n = 69). Because there were too few subjects with green irises, they were
grouped with those with hazel ireses (group 2, n = 66), as in Hammond et al.26 Subjects with
brown irises were categorized as group 3 (n = 48). No subject was classified as having black
irises. An initial unadjusted comparison of the MPOD showed a significant difference between
the three groups, but the MPOD–iris color relationship in our sample was confounded by the
black subjects in our sample being clearly overrepresented in group 3 and by the fact that there
were very few lutein-containing supplement users among the blacks. When multivariate
analyses were conducted also including race and lutein supplement use, iris color was no longer
associated with significant differences in MPOD. When MPOD comparisons by iris color were
repeated only for white non-users (n = 92), we still found no significant difference between
the three subgroups, but the few white subjects with brown irises had the highest mean MPOD
estimates of the three groups (group 1: 0.35 ± 0.19, n = 44; group 2: 0.32 ± 0.18, n = 40; group
3: 0.37 ± 0.20, n = 8). This trend is in line with a previous report of higher MPOD in subjects
with dark irises.26

MPOD in the Elderly: No Relationship with Past Smoking or Age
It has been shown that active smoking correlates with lower MPOD levels.25,51 There were
too few active smokers (n = 6, four of whom had MPOD estimates) in our sample to investigate
this relationship. When contrasting MPOD in past smokers (n = 81) versus never smokers (n
= 92), MPOD tended to be lower in the former (0.31 ± 0.21 vs. 0.37 ± 0.21). However, also
this modest nonsignificant trend was further reduced once race and lutein-containing
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supplement use were controlled for in multivariate analyses (least-square MPOD means: past
smokers = 0.30; never smokers = 0.33).

Last, we investigated the relationship between MPOD and age. Over the two-decade span in
which estimates were successfully obtained in our population sample (range, 69–86 years),
MPOD displayed only a very small, nonsignificant age-related decline (Pearson’s r = −0.026,
P > 0.05). This overall trend did not change, even after adjustment for lutein supplement use,
gender, race, and iris color.

Discussion
The main objectives of this cross-sectional study were to verify the feasibility of MPOD
measurements in a large elderly population sample for future use as a measure in population-
based epidemiologic studies of the elderly and to gain insight on the characteristics of MPOD
in elderly subjects from the Midsouth, a portion of the United States in which no studies of
MPOD had been conducted. Our study provides MPOD information on the largest population
sample of elderly individuals studied to date and the first information on MPOD in a
Midsouthern population sample.

Feasibility of MPOD Testing in the Elderly in a Large-Scale Epidemiologic Setting
With our simplified protocol, we successfully obtained bilateral MPOD estimates over the
entire age range examined in 71% of the participants and in at least one eye of 82% of them.
Measurements were usually completed within a reasonable length of time (18.5–21.4 minutes/
eye, 95% confidence interval [CI]) for the 1° target. Taking into account the characteristics of
our study sample, this testing time compares reasonably well with that of 45 minutes reported
by Snodderly et al.42 in their substantially younger, white, highly educated female participants.
Although theoretically ideal, obtaining estimates at additional loci may prove impractical and
unattainable, at least bilaterally, in a large-scale investigation of the elderly. Disadvantages of
excessively prolonged testing would include increased fatigue, possible loss of reliability and,
potentially, a substantial increase in the attrition rate. Depending on the study’s purpose and
the retinal health status of the population of interest, single-target binocular estimates and/or
multiple-target monocular MPOD profiling may be preferable.

MPOD in the ARMA Study Sample: Comparison to Previous Studies
Table 4 illustrates a comparison of our findings with previous studies with the HFP-based
technique conducted in other U.S. populations.23–29,31–35,37–39,41–43 All the
investigations included in Table 4 were performed with 1° stimuli at the same peak wavelength
of 460 nm used in our study, as well as studies that conducted parafoveal measurements at 4°
eccentricity. For these studies, based on Robson et al.,52 it is possible that the use of a 4°
parafoveal target underestimated the MPOD by approximately 10%, and possibly by as much
as 20%. A reference location at approximately 7° like the one used in the present study and
that of Snodderly et al.42 has been deemed the most appropriate.52 With these caveats in mind,
the observed MPOD in our sample (0.34 ± 0.21) was identical with the mean of all listed studies
combined (0.34 ± 0.11; range: 0.19–0.57). Compared with the average MPOD reported in other
groups of elderly subjects,29,31,35,37,42,43 our subjects were again within the reported range
(0.21–0.57).

Correlation of Use of Lutein-Containing Supplements with Higher MPOD
Our results also show that elderly individuals using lutein-containing supplements have, on
average, higher MPOD levels than do nonusers. Furthermore, the few high-dose lutein
supplement users in whom MPOD was measured (≥2 mg/daily; n = 7) had estimates that were,
on average, 25% higher than those in low-dose supplement users (≤0.5 mg/daily; n = 55).
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Although our data do not provide direct proof that this difference is due to consumption of
these supplements and not to, for example, differences in dietary habits preexisting the use of
supplements or other factors, these results are biologically plausible and, consistent with those
in previous reports,28,30,35,44,53 they support the possibility that consumption of lutein-
enriched dietary supplements may result in higher MPOD levels in elderly individuals. The
putative eyesight protective and ARM-preventing effects of this MPOD enhancement remain,
of course, to be verified in forthcoming controlled double-blinded prospective trials.

MPOD in Elderly Blacks versus Whites in the Midsouth
Published data on MPOD in blacks are few. In studies of a Midwestern population sample,
33,38,39 32 of 280 participants were black. In this sample, the MPOD in the blacks was slightly
higher than that in the whites. Unlike in these studies, we observed higher MPODs in whites,
a finding that is in line with an earlier study by Hammond et al.26 In our sample, the difference
between the two race-based groups was highly significant, even when comparisons were
limited to non–lutein-supplement users. The prevalence and incidence of ARM in the black
populations studied to date is far lower than that in whites, and yet data are scarce because of
the small number of black participants.54 Therefore, additional studies of elderly black
populations appear to be necessary, to characterize their MPOD features further, identify their
correlates, understand whether the correlates may be different from those in whites, and
whether any of these putative differences may explain, at least in part, the lower prevalence of
ARM among blacks.

No Difference in MPOD by Gender, Iris Color, or Past Smoking
In previous investigations over a wide age range, women had or tended to have lower MPOD
levels than did men.27,33,34,38,39 With an HFP-based method but different stimuli, Mellerio
et al.51 also observed a significantly higher MPOD in U.K. men. In contrast, in a study
conducted on New England subjects by Johnson et al.,35 the women had, on average, higher
MPOD than did the men. Our study results differ from most studies of younger subjects,27,
33,34,38,39,51 but are consistent with that of Johnson et al.,35 a portion of whose study
participants were older than in the other studies (see Table 4). Taken together, these findings
suggest that intergender differences in MPOD, if any, may vary between populations and may
differ depending on the age range sampled and that female gender alone, at least in elderly
subjects, does not intrinsically predispose to or otherwise correlate with lower MPOD levels.
This conclusion is supported also by previous investigations.35,45

Similar to the effect of gender, iris color in our sample of elderly individuals did not display
the same significant correlation with MPOD observed in earlier studies that included mainly
much younger subjects.26,38,51 Studies of larger elderly white samples with a sufficient
number of subjects with dark irises are needed to determine whether the previously reported
higher MPOD in younger adults with dark iris color is also present in the elderly.

Smoking is a modifiable lifestyle habit that is the leading environmental risk factor for
ARM55 and a significant independent determinant of serum levels of lutein and zeaxanthin,
despite high dietary intakes.56 However, past smokers do not have lower serum lutein and
zeaxanthin levels that never smokers.56 The effect of smoking on MPOD has been investigated
before in younger samples,25,51 showing lower MPOD estimates in smokers and an inverse
relationship of MPOD with the number of cigarettes smoked daily. Consistent with results of
studies at the serum level,56 our investigation provides no immediate evidence that being a
past smoker is associated with lower lutein and zeaxanthin at the retinal level in elderly subjects.
It remains to be determined whether reduced MPOD is also present in actively smoking elderly
subjects.
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Lack of an Age-Related Decline in MPOD in Elderly Midsoutherners
The data summarized in Table 4 provide no evidence of an age-related decline in MPOD across
populations, which is consistent with the results of other investigators.43,46,51 This, along
with our observed lack of any age-related decline in MPOD within our study sample, suggests
that there seems to be little evidence of an age-related decline in MPOD at 0.5° of eccentricity
from fixation with the HFP-based technique.

It must be noted that, except for the studies of Ciulla and Hammond43 and Snodderly et al.,
42 most previous studies included only a limited number of elderly subjects and that in the
previous studies in which age-related changes in MPOD was investigated,43,46,51 information
on use of lutein- and/or zeaxanthin-containing supplements was not obtained or, even when
available, information on dietary patterns was not included in the age analysis.51 Therefore,
one cannot exclude that unaccounted for use of such supplements and/or dietary factors may
have exerted a confounding effect in these as well as other studies, erasing any age-related
effect. However, this was not the case in our study.

An inverse correlation between MPOD and age has been observed by Bernstein et al.,57 by
means of a Raman spectroscopy-based technique. It is possible that the lack of age-related
decline observed with HFP-based techniques may result from methodological differences with
Raman spectroscopy,57,58 as further debated extensively elsewhere.59–62 The MPOD age-
related decline observed with the Raman technique may be the result of interference from media
opacities,43 or, since this method averages MP density up to approximately 1.7° of eccentricity,
57,58 it may also be due to preferential MP density losses farther away from the foveola than
that sampled by a 0.5° target. The latter explanation would be in line with the clinical
observation of foveolar resiliency in geographic atrophy.63–67

Conclusions
In summary, we provided evidence of the feasibility of MPOD measurements with a simplified
testing protocol with an HFP-based method in an epidemiologic setting of subjects within and
over the eighth decade of life (i.e., when the prevalence of ARM is highest).54 This study
allowed us to gain insight into the characteristics of MPOD in the largest elderly population
sample thus far studied and the first from the Midsouth. Our investigation also included the
largest number of black subjects studied to date, revealing that their MPOD is significantly
lower than in whites in the same age range. MPOD measurements may be a useful outcome
measure of studies of macular aging and ARM and may assist us in shedding light on the
pathogenesis of ARM.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Frequency distribution of MPOD estimates in the ARMA Study by lutein supplement use
(normalized to percentage of total). Consistent with the expected biological correlation, users
of lutein-containing supplements outnumbered nonusers in the MPOD ranges ≥0.51 (slight
negative skewness), whereas nonusers are substantially more numerous in the ranges ≤0.20
(slight positive skewness).
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Figure 2.
Frequency distribution of MPOD estimates by race (normalized to percentage of total). The
distribution profile for blacks was positively skewed, with approximately 35% of the subjects
displaying MPODs ≤0.10 and <10% with MPOD >0.50, whereas MPODs of whites were more
uniformly distributed across categories, with two discernible frequency peaks in the 0.21 to
0.30 and 0.41 to 0.50 ranges, respectively.
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Table 1
Characteristics of the ARMA Study Sample

n (%)* Age (mean ± SD) Range (y)

Total 222(100) 79.1 ± 3.2 69–86
By gender
 Male 106(48) 79.5 ± 3.0 70–86
 Female 116(52) 78.7 ± 3.5 69–86
By race
 White 170(77) 78.9 ± 3.3 68–85
 Black 52(23) 79.5 ± 3.1 76–86
By lutein supplement use†
 Users 75(34) 78.6 ± 3.4 69–85
 Nonusers 146(66) 79.3 ± 3.2 72–86

*
Percentage of total study sample.

†
Lutein supplement use status could not be determined for one participant.
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Table 3
MPOD Findings in the ARMA Study Sample

Participants (n) MPOD (Mean ± SD)

Study sample 183 0.34 ± 0.21
By gender
 Male 89 0.32 ± 0.22
 Female 94 0.35 ± 0.19
By race
 White 148 0.37 ± 0.19†
 Black 35 0.22 ± 0.23†

By eye*
 Right eye 157 0.34 ± 0.22‡
 Left eye 0.33 ± 0.20‡
By lutein supplement use
 Users 62 0.39 ± 0.20§
 Non-users 120 0.31 ± 0.21§

*
Includes only data for subjects in whom both eyes could be tested successfully and in whom the status of one eye matched that of the other (e.g., both

disease-free).

†
Unpaired, two-tailed t-test P = 0.0002.

‡
Pearson’s r = 0.82; P < 0.0001.

§
Unpaired, two-tailed t-test P = 0.013.
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Table 4
Summary of Previous Studies of MPOD by Heterochromatic Flicker Photometry with a 1° Test Target (Peak
Wavelength, 460 nm)

Study Method and PTL*† Sample Size Age Range (y) MPOD‡ (Mean ± SD)

Hammond and Fuld23 MV; 8.0 10 19–42 0.32 ± 0.14
Hammond et al.24 MV; 8.0 20 19–22 0.28 ± 0.06
Hammond et al.25 MV; 5.5 68 20–62 S: 0.16 ± 0.12

NS: 0.34 ± 0.15
Hammond et al.26 MV; 5.5 38 31–43§ B/Gy: 0.25 ± 0.20

26 26–34§ Grn/Haz: 0.32 ± 0.15
31 29–37§ Br/Blk: 0.38 ± 0.24

Hammond et al.27 MV; 5.5 88 19–83 M: 0.38 ± 0.21
F: 0.24 ± 0.16

Hammond et al.28 MV; 5.5 13 30–65 0.39 ± 0.09||

Hammond et al.29 MV; 6.0 7 24–36 F: 0.34 ± 0.18
5 24–31 M: 0.50 ± 0.31

23 55–78 F: 0.46 ± 0.30
16 48–82 M: 0.57 ± 0.22

Hammond et al.31 MV; 6.0 10 24–36 0.40 ± 0.26
27 60–84 0.46 ± 0.29

Wooten et al.32 FV; 4.0 30 16–60 0.27 ± 0.15
Hammond and
Caruso-Avery34

FV; 4.0 217 17–92 0.22 ± 0.13

Johnson et al.35 MV; 6.0 7 33–54 0.40 ± 0.05¶
21 33–83 M: 0.41 ± 0.07

F: 0.48 ± 0.01
Ciulla et al.37 FV; 4.0 24 47–81 Pre-IOL: 0.21 ± 0.13

Post-IOL: 0.18 ± 0.12
Ciulla et al.38# FV; 4.0 280 18–50 All: 0.21 ± 0.13

M: 0.22 ± 0.13
F: 0.21 ± 0.13
W: 0.21 ± 0.13
B: 0.23 ± 0.14

Hammond et al.41# FV; 4.0 278 18–48 BMI >29: 0.18 ± 0.12
BMI < 29: 0.22 ± 0.14

Snodderly et al.42 FV; 7.0 54 50–79 0.42 ± 0.22
Ciulla and
Hammond43

FV; 4.0 50 54–89 N: 0.28 ± 0.21

Cat: 0.24 ± 0.16

*
FV, free (or natural) view; MV, Maxwellian view.

†
PTL, parafoveal test location (degrees of eccentricity of the parafoveal target).

‡
All data are reported rounded to second decimal point; A, Asians; B, Blacks; B/Gy, Blue/Gray iris; BMI, body mass index; Br/Blk, brown/black iris;

Cat, cataract; F, females; Grn/Haz, green/hazel iris; H, hispanics; M, males; N, normals; NS, nonsmokers; Post-IOL, after cataract surgery; Pre-IOL,
before cataract surgery; S, smokers; W, whites.

§
95% CI for each study subgroup.

||
Baseline values for retinal responders only (n = 7).

¶
Baseline prediet modification values.

#
Same population as in Cooper et al.33 and in Curran-Celentano et al.39
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