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ABSTRACT

Purpose: While most observers agree that age-related macular degeneration (AMD) is much more common in white
persons than in persons of black African ancestry, the influence of iris color has been more controversial. We reexam-
ined relationships between race, iris color, and AMD in a series of patients from our retina clinic.

Methods: We evaluated, in masked fashion, stereoscopic photographs of the retinas and irides in 306 sequential
patients 60 years of age or older from our retina clinics. Four readers judged whether AMD was present, absent, or
questionable in the retinal photographs and labeled iris color as blue, hazel, or brown. Presence or absence ofAMD
and presence and severity of the various macular lesions were determined by "majority vote" of the readers. We eval-
uated inter-rater agreement using the kappa statistic. We compared the prevalence of AMD and of specific AMD
lesions as a function of race, sex, and iris color by contingency table analysis.

Results: The kappa statistic showed good inter-observer agreement, being 0.466 (P < 10-') for definite or questionable
AMD and ranging from 0.185 to 0.522 (P = 0.0047 to P < 10-') for most lesions. We found significantly more AMD in
white patients than in black patients (X2 = 27.54, P < 10-4). There was no significant difference in AMD prevalence by
sex. In white patients, AMD was significantly more prevalent in individuals with blue or hazel irides than in those with
brown irides (X2 = 15.04, P = .02).

Conclusions: We confirm previous findings of a higher prevalence ofAMD in white persons than in black persons. We
also agree with those observers who claim that white subjects with light-colored irides have a higher prevalence of
AMD than those with dark-colored irides. We suggest that differences in the association between iris pigmentation and
AMD in different studies using different research methods may reflect genetic difference in the groups being studied.
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INTRODUCTION

With the consideration that skin and eye pigmentation may
be important factors predisposing to age-related macular
degeneration (AMD), race and iris color have been widely
investigated for their association with this disease. Several
studiesl4 have concluded that AMD is much more com-
mon in white persons than in persons of black African
inheritance. In partial concurrence with these reports, the
third National Health and Nutrition Examination Survey
(NHANES-III)5 found no differences between non-
Hispanic blacks and whites in early lesions of AMD (soft
drusen) and only a modest decrease in pigment epithelial
hyperpigmentation and hypopigmentation in black per-
sons versus white persons. Both non-Hispanic blacks and
Mexican Americans had a much lower prevalence of late
AMD than did non-Hispanic whites.

'From the Kresge Eye Institute, Wayne State University School of
Medicine, Detroit, Michigan. Supported in part by a departmental
unrestricted grant from Research to Prevent Blindness, Inc.

Weiter and associates6 first reported a decreased preva-
lence of AMD in persons with dark iris pigmentation.
Sandberg and coworkers7 reported that patients with
light-colored irides and unilateral neovascular AMD had
more extensive disease than those with darker irides and
also a greater likelihood of extensive disease in the fellow
eye. Holz and colleagues8 reported that light iris pigmen-
tation per se was not associated with an increased risk of
AMD, but that iris color, which decreases over the course
of an individual's lifetime, did indicate a very substantially
increased risk (odds ratio, 5.5). Three studies-Vinding's
study of 1,000 Danish subjects older than 60 years,9 the
Eye Disease Case-Control Study Group's multi-institu-
tional survey in the United States,'0 and Klein and associ-
ates' population-based study in Beaver Dam,
Wisconsin"-all found no relationship between iris pig-
mentation and the presence and severity of AMD.
However, Mitchell and associates,'2 in a population-based
study in Australia, found a significantly increased risk of
both early and late AMD associated with blue, as opposed
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TABLE I: GRADING SCALE FOR AGE-REIATED MACULAR DEGENERATION

Hard drusen
0 = No evidence of hard drusen
1 = Questionable evidence of hard drusen
2 = Definite hard drusen <standard photograph A
3 = Hard drusen 2 standard photograph A

but < standard photograph B
4 = Hard drusen 2 standard photograph B

Soft drusen
0 = No evidence of soft drusen
1 = Questionable evidence of soft drusen
2 = Definite soft drusen < standard photograph C
3 = Soft drusen > standard photograph C but

< standard photograph D
4 = Soft drusen < standard photograph D
RPE clumping (no standard photographs)
0 = No evidence of RPE clumping
1 = Questionable evidence of RPE clumping
2 = Definite presence of RPE clumping

(not further graded as to severity)
Geographic atrophy
0 = No evidence of geographic atrophy
1 = Questionable evidence of geographic atrophy
2 = Definite geographic atrophy < standard

photograph E
3 = Geographic atrophy 2 standard photograph E,

but < standard photograph F
4 = Geographic atrophy 2 standard photograph F
CNV
0 = No evidence of CNV
1 = Questionable evidence of CNV
2 = Definite evidence of CNV (not further graded

as to severity)
RPE detachment
0 = No evidence of RPE detachment
1 = Questionable evidence of RPE detachment
2 = Definite presence of RPE

(not further graded as to severity)
Disciform scar

0 = No evidence of disciform scar

1 = Definite presence of disciform scar

(not further graded as to severity)

CNV, choroidal neovascularization; RPE, retinal pigment epithelium.

to darker, iris color.

We chose to reinvestigate the association of race and
iris color in our own clinical population in Detroit, using a

somewhat different study design from those used in the
investigations just cited.

METHODS

Our original study population consisted of 322 consecu-

tive patients 60 years of age or older who were seen in the
practices of 2 senior retina clinicians (R.N.F. and J.EP.)
during 1995. These patients had had bilateral stereoscop-

ic anterior-segment photographs taken for the evaluation
of lens opacities and also 300 retinal photographs consist-
ing of stereoscopic views centered on the optic nerve

head, on the center of the macula, and with the center of
the macula at the nasal border of the field. (These views
are fields 1 through 3 of the Early Treatment Diabetic
Retinopathy Study protocol'3). Although the pupils were

dilated for the anterior-segment photographs, in nearly all
cases a sufficient amount of iris was visible to determine
iris pigmentation. The photographs were mounted in plas-
tic transparency sheets, and the iris photographs and the
retinal photographs for each patient were mounted
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separately and assigned different code numbers so that
they could be read independently and in masked fashion.

Each reader was first asked to choose whether AMD
was present, absent, or questionably present in each eye
of each patient. If the reader voted "yes" or "question-
able," he or she was then asked to assign an ordinal score
to each of several lesions associated with AMD on a scale
of increasing severity from 0 to 4 (for some lesions, 0 to 1
or 0 to 2) based on comparison with a series of standards
(Table I). Each reader was also asked to grade iris color as
"blue," "hazel," "brown," or "indeterminate" on the basis
of a subjective judgment for which no standard photo-
graphs were available. Patient age, sex, and race (white,
black, or other) were tabulated from clinic records.

We assigned summary scores for the- presence or
absence ofAMD and for the absence or level of severity, if
present, of the various associated lesions based on a
method that we have used previously.'4 We determined
that AMD was present if 2 of the 4 readers voted "yes" for
the presence ofAMD in at least 1 eye, and that AMD was
questionable if 2 of the 4 readers voted "questionable." (In
the event of 2 "yes" and 2 "questionable" votes, 2 "yes" and
2 "no" votes, or 2 "questionable" and 2 "no" votes, we arbi-
trarily designated the more severe state to be present.) In
the event of a determination of "yes," we then determined
a score for each lesion based on the largest number of
votes for a given lesion score. In the event of an equal
number of votes for 2 adjacent ordinal lesion scores (eg, 2
and 3), we arbitrarily assigned the higher score. If there
was an equal number of votes for 2 nonadjacent lesion
scores, we assigned the intermediate score; for example, if
1 and 3, we assigned a score of 2. Iris color was also
assigned on the basis of a majority vote. In the event of tie
votes, we attempted to resolve the difference by discussion
between the 2 senior graders (R.N.F. and J.EP.). In some
instances, owing to either photographic quality or extent of
pupil dilation, iris color was considered indeterminate. In
all of the tables, counts indicate the diagnosis ofAMD and
presence of the most severe lesion (arbitrarily determined,
and moving down in Table I from least to most severe) in
the most severely affected eye.

Statistical calculations were carried out using True
Epistat software, version 5.3 (Epistat Services,
Richardson, Tex). We calculated the X2 statistic or, for
tables in which cell sizes of 5 or less were present, the log
likelihood ratio (G2) and associated P values for tables
with smaller cell sizes, and the odds ratios and 95% confi-
dence limits for associations between AMD and its relat-
ed lesions with race and iris color. We also calculated the
kappa (K) statistic and its associated z value and P value to
estimate observer agreement."4-16

RESULTS

Of 322 consecutive patients in our retina clinics whose reti-
nal photographs were considered eligible for this study, 306
had photographs of sufficient quality to be evaluated. Of
these, 115 patients were white, 187 were black (African
American), and 4 were listed as "other" (Asian or Native
American; we did not consider Hispanic patients separately
in this classification). Ofthe 115 white patients, 13 could not
be classified as to iris color for the reasons cited previously.

Table II shows that there was marginal to excellent
observer agreement in grading iris color, the presence of
AMD, and each of the AMD lesions with the exception of
retinal pigment epithelium (RPE) detachments, which
were among the most infrequent lesions observed in this
patient population. The kappa statistic provides an estimate
of whether or not agreement among multiple observers is
due to chance. It varies between 0 and 1, with a value of 0
indicating completely chance agreement and a value of 1
indicating complete agreement. The P value indicates the
probability that the value of K obtained does not differ from
0. Values of K greater than 0.75 indicate excellent agree-
ment, while values of 0.4 to 0.75 indicate good agreement
and values less than 0.4 indicate marginal agreement.16
Values listed in Table II fall in all of these ranges.

Table III demonstrates the prevalence of AMD, or of
questionable AMD, by race as assigned by the 4 readers.
The prevalence ofAMD in white subjects far exceeds that
in black or "other" subjects (although the number in the lat-
ter category is extremely small), with X2 = 27.54 and P <
.0001. If we exclude the "Other" category and the
"Questionable AMD" assignment, the odds ratio is 4.70 with

TABLE II: KAPPA STATISTICS FOR IRIS COLOR, AMD, AND INDIVIDUAL

LESIONS OF AMD

FEATURE K Z P

Iris color 0.84 15.06 < 1 X 10-6
AMD 0.466 10.08 < 1 X 106
Hard drusen OS 0.403 7.62 < 1 X 106

OD 0.384 7.56 < 1 x 106
Soft drusen OS 0.244 4.28 9.2 X 10-6

OD 0.298 5.10 < 1 X 106
Geographic OS 0.400 6.13 < 1 X 106

atrophy OD 0.336 5.16 < 1 X 10-6
CNV OS 0.522 5.31 < JX 106

OD 0.185 2.60 0.0047
RPE OS 0.340 7.22 < 1 x 10-6
clumping OD 0.331 4.55 2.6 X 10-6

RPE OS 0.024 0.46 0.322
detachment OD 0.082 0.97 0.166

Disciform OS 0.435 2.96 0.0015
scar OD 0.471 2.65 0.0041

AMD, age-related macular degeneration; CNV, choroidal neovascular
ization; RPE, retinal pigment epithelium.
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TABLE III: AMD AS A FUNCTION OF RACE

WHITE BLACK OTHER TOTAL

AMD 35 15 0 50
AMD "Questionable" 19 49 1 69
No AMD 61 123 3 187

TOTAL 115 187 4 306

AMD, age-related macular degeneration

X2 = 27.54, P < .0001

Odds ratios (exclude "Other" classification):
If "Questionable" row excluded, OR = 4.70, 95% CI 2.28-9.83
If "Questionable" added to "No AMD," OR = 5.02, 95% CI 2.48 - 10.26
If "Questionable" added to "AMD," OR = 1.70, 95% CI 1.03 - 2.81

a 95% confidence interval of 2.28 to 9.83. If we arbitrarily
assign all "Questionable" ratings to the "No AMD" group,
the odds ratio increases to 5.02 with a 95% confidence inter-
val of 2.48 to 10.26; ifwe assign all "Questionable" ratings to
the "AMD" group, the odds ratio decreases to 1.70 with a
95% confidence interval of 1.03 to 2.81

Table IV demonstrates the prevalence ofAMD by iris
color in white subjects. Iris color was not recorded in 13
subjects. The differences between the groups were signif-
icant, with X2 = 15.04, P = .02. We also calculated X` val-
ues for several variations of the data in Table IV. First, we
eliminated the "Not recorded" column from the table.

TABLE IV: AMD AS A FUNCTION OF IRIS COLOR (WHITES ONLY)

BLUE HAZEL BROWN NOT TOTAL
RECORDED

AMD 9 12 9 7 37
AMD Questionable 0 7 9 3 19
NoAMD 7 17 32 3 59

TOTAL 16 36 50 13 115

AMD, age-related macular degeneration.
X2 = 15.04, P = .02
Eliminate "Not recorded": X2 = 10.83, P = .029
Add "Not recorded" to Blue: X2 = 12.11, P = .017
Add "Not recorded" to Hazel: X2 = 12.63, P = .013
Add "Not recorded" to Brown: X2 = 7.39, P = .117
Combine Blue and Hazel: X2 = 10.67, P = .031
Combine Hazel and Brown: X2 = 12.33, P = .015
Compare Hazel to Brown: X2 = 3.07, P = .215
Compare Blue to Hazel: X2 = 4.58, P = .101

Odds Ratios:
1. Blue vs (Hazel + Brown), "Questionable" added to "AMD," OR =

1.70 95% CL 0.52 - 5.68.
2. Blue vs (Hazel + Brown), "Questionable" added to "No AMD," OR

= 3.98, 95% CL 1.17- 13.80
3. (Blue + Hazel) vs Brown, "Questionable" added to "AMD," OR =

2.07, 95% CL 0.87 - 4.97
4. (Blue + Hazel) vs Brown, "Questionable" added to "No AMD," OR

3.09, 95% CL 1.14 - 8.50

Second, we assumed that all the "Not recorded" subjects
had blue irides. Third, we assumed that they all had hazel
irides. Fourth, we assumed that they all had brown irides.
Only in the latter case was the P value for the distribution
of subjects with and without AMD or with questionable
AMD in the table nonsignificant. Finally, we calculated X2
and P values for the assumptions that intermediate-col-
ored (hazel) irides belonged in the "blue iris" group, and
that they belonged in the "brown iris" group. In both
cases, the P value remained significant (< .05).

We also collapsed Table IV into a series oftwo-by-two
tables in order to calculate odds ratios for AMD based on
iris color. To do this, we deleted the "Not recorded" col-
umn, combined the "Hazel" column with either "Brown"
or "Blue," and combined the "Questionable AMD" row
with either "AMD" or "No AMD." As shown in Table IV,
odds ratios calculated after these manipulations ranged
from 1.70 to 3.98. The associated 95% confidence inter-
vals are also shown in the table.

Table V shows the frequency of various lesions of
AMD as a function of race. Because of the small numbers
of subjects in each category, we did not further subdivide
these groups by severity of the lesions as provided by
Table I. Rather, a lesion was considered present if it
received a score of 2 or higher in the more severely affect-
ed eye (or a score of 1 for disciform scars). The racial cat-
egory "Other," which contained only 4 subjects, has been
eliminated, as has the AMD classification "Questionable."
Of the lesions described, hard drusen, RPE clumping,
geographic atrophy, and choroidal neovascularization
(CNV) showed significant differences in prevalence
between black and white subjects.

Table VI shows the frequency of these lesions in
white subjects as a function of iris color, again listed only
in those subjects classified as positive for AMD and
excluding the "questionable" subjects. Blue and hazel eyes
were grouped together for this analysis. Individuals and
not eyes were listed if a given lesion was present in only
one eye, and grades for the severity of the lesions were not
listed, since the number of eyes affected with each lesion
was small. Only hard drusen and geographic atrophy
showed significant differences between blue/hazel and
brown or unclassified eyes, and CNV showed a borderline
significant difference.

The lesions listed in Tables V and VI are ordered,
from left to right, by a relatively arbitrary assessment of
their increasing severity. Perhaps because of the small size
of the cells in these tables, there is no indication that
white race or that lighter iris pigmentation is associated
with an increased prevalence of the more severe lesions
by contrast with less severe lesions.
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TABLE V: AMD LESIONS AS A FUNCTION OF RACE

RACE NO. AMD HARD SOFT RPE GEOGRAPHIC RPE CNV DISCIFORM

(1) DRUSEN (2) DRUSEN (3) CLUNIPING (4) ATROPHY (5) DETACHMENT (6) (7) (8)

Black 187 15 9 2 2 2 0 1 0
White 115 35 16 4 19 10 1 7 2

AMD, age-related macular degeneration; CN\V choroidal neovascularization; RPE, retinal pigmenit epithelium.
The X2 statistic wras used to calculate the significance of differences in ANID prevalence bet\veen l)lack and wvhite subjects. The log likelihood ratio
(G2))was used to calculate the significance of differences in prexvalence between black and wrhite subjects for the various lesions evaluated.

(1) X2 = 27.54, P < .0001
(2) G2= 7.50, P = .0062
(3) G2 = 2.05, P = .15
(4) G2 = 27.25, P < 10-'
(5) G2 =11.93, P = 5.5 x 10-4
(6) G2 = 1.94, P = .16
(7) G2 = 8.67, P = .0032
(8) G2 = 3.88, P = .045

TABLE VI: AMD LESIONS AS A FUNCTION OF IRIS COLOR (WHITES ONLY)

IRIS COLOR NO. AMD HARD SOFT RPE GEOGRAPHIC RPE CNX' DISCIFORM

(1) DRUSEN (2) DRUSEN (3) CLUMPING (4) ATROPHY (5) DETACHMENT (6) (7) (8)

Blue/hazel 52 21 10 4 10 8 1 5 1
Broxvn 50 9 3 1 5 1 0 1 1
Unclassified 13 i 3 2 1 1 0 0 0

AMD, age-related macular degeneration; CNN' choroidal neoxvascularization; RPE, retinal pigment epithelium.

The X2 statistic was used to calculate the significance of differenices in AMD prevalence between subjects xrith blue/hazel and brown eyes and those
for wrhom no classification of iris color could be obtained. The log likelihood ratio (G2) was uised to calculate the significanice of differences in preva-
lence between these subjects for the various lesions evaluated.

(1) X2 =9.01, P= .01
(2) G2 =4.21, P= .04
(3) G2 =1.90, P =.168
(4) G2 =1.76, P =.184
(5) G2= 6.43, P= .011
(6) G- = 1.35, P = .24
(7) GC = 2.91, P = .088
(8) GC = 7.8 x 10-4, P = .98

DISCUSSION

In agreement with previous studies,"15 we find a highly sig-
nificantly increased prevalence ofAMD in white subjects
compared with black subjects. In agreement with some
previous studies""12 but not others,'-" we also find a signifi-
cantly increased prevalence of AMD in white subjects
with light-colored (blue) irides compared with subjects
with brown irides. Individuals with intermediate-colored
(hazel) irides had a prevalence intermediate between the
two but not significantly different from either. In dis-
cussing our results, we will consider first the composition
of our subject group and the design of our study as factors
that might have influenced these results. We will then dis-
cuss possible reasons why different studies have reached

different conclusions regarding the relationship of iris
pigmentation to the prevalence of AMD.

Unlike the other studies cited, ours was not popula-
tion-based but was carried out in a series of patients in a
retina clinic in which African American subjects outnum-
ber whites and other races. While there is certainly a
selection bias in favor of retinal disease in patients attend-
ing this clinic, there is no reason to suspect that this bias
would operate against African American patients with a
particular diagnosis, namely AMD. Patients were chosen
to have retinal photography on the basis of presence of
lesions that the clinician wished to document, and anteri-
or-segment photographs were taken primarily to indicate
the presence or absence of lens opacities. These photo-
graphs were taken before this study was designed, and
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therefore a selection bias in favor of patients of a particu-
lar race or iris color and with AMD to have photography
would also appear not to have been operative.

Because the number of subjects with AMD in our
study was relatively small, the individual cells in our sta-
tistical analyses also contained small numbers. Therefore,
although we could detect statistically significant differ-
ences between groups, we must express a caveat about
these results because of the size of the study. We did
attempt to limit as much as possible a bias due to small
sample size by using a statistical method for our contin-
gency table analyses (the log likelihood ratio, G2) that is
appropriate for comparison of small groups. Additionally,
and also possibly because of the small group sizes, we saw
little difference between white and black patients and
between white patients with blue, hazel, and brown eyes
in the prevalence ofAMD lesions of increasing severity.

Although other, published photographic grading sys-
tems exist for AMD,' ' we developed and used our own
system based, like these, on comparison of photographs
from individual subjects with a series of standards. We
further graded iris color, the presence or absence of
AMD, and the presence and severity of its various lesions
by compiling the "votes" of a series of observers. We have
used a similar evaluation system previously in a study of
the presence and severity of retinopathy in a series of
young diabetic subjects and their nondiabetic siblings.'4
The validity of the results of such a study is dependent on
the reliability of the observers, which can be assessed by
such statistical measures as the computation of K and its
associated z and P values. The K values that we obtained
in the present study were comparable to those that we
obtained in our previous investigation and indicate good
interobserver reliability, though they are not so high as
those reported by Bressler and associates" in their photo-
graphic evaluation of AMD lesions from a much larger
series than we have described here.

Black African inheritance has been highly significant-
ly associated with a reduced risk ofAMD in all of the stud-
ies that have investigated this factor, regardless of study
design. By contrast, iris pigmentation, even in those stud-
ies that have reported a positive association with AMD,
has had a lesser significance and, in some studies, has had
no significant relationship at all. Study design does not
appear to be responsible for this variable effect, since both
negative" and positive'2 associations have been reported in
large, population-based studies of the question, large
"randomly selected" (but not population-based) groups,9
as well as much smaller case-control"' investigations, and
clinic-based investigations,6 including the present study.

One plausible, though certainly unproven, explanation
for a preventive effect of skin and iris pigmentation on AMD
is that such pigmentation protects against oxidative damage

due to light exposure.'9'20 The possible protective effect of
antioxidant vitamins2'122 and the adverse effect of smoldnge2-5
may indicate an important effect for oxidative processes in
the pathogenesis of AMD.2' But melanin pigment may not
itself be the substance responsible for the protective effect.
Rather, it may simply be a confounding variable that in at
least some studies reflects associated genetic27 factors that
are actually responsible but that differ in prevalence in dif-
ferent populations. Cruickshanks and associates28 reached a
similar conclusion based on different prevalences for AMD
in non-Hispanic whites living in central Wisconsin and in
southern Colorado. They considered that the different
genetic backgrounds of these 2 populations, rather than the
geographic differences, provided the most likely explanation
of their results. Similarly, a recent pupulation-based study
from India that has thus far appeared only in abstract form29
indicates that the prevalence of both early (large, soft
drusen) and late (geographic atrophy and rare exudative
lesions) AMD is as common in south India as it is among
white populations in western countries. The authors con-
clude that dark skin pigmentation is not itself a major pro-
tective factor against AMD and does not explain the low
prevalence of this disease in populations of black African
ancestry. Understanding the complex interactions between
genetic and other influences remains a central problem in
discovering the pathogenesis ofAMD.
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DISCUSSION

DR RONALD KLEIN. Frank et al' report on the frequency
of age-related maculopathy (ARM) and its association
with iris color in a case-series of 115 white and 187 black
retina clinic patients 60 years of age or older in 1995. The
ARM severity score and iris color determination were
based on a consensus of 4 observers who graded color
stereoscopic fundus photographs of ETDRS Fields 1-3

and stereoscopic red reflex photographs of the anterior
segment. They report a higher frequency of signs of late
ARM in their white patients compared to their black
patients. In their white patients, those with blue/hazel iris
color had higher frequencies of late ARM compared to
those with brown iris color. This is not a novel report as
others have noted this in their clinical practice and in
some population-based studies.-5 The potential for refer-
ral biases leave the first sources in some doubt; the latter
are more credible. Nevertheless, the report by Frank et al'
is consistent with these earlier observations.

Recent data from some large epidemiological studies,
however, have shown that if late ARM is not as frequent
in blacks as in whites, it is not rare. Preliminary data from
the Salisbury Eye Study, a population-based study of 2520
people between the ages 65 to 84 years show that the
prevalence of neovascular macular degeneration has a
similar frequency in blacks (1.1%) and in whites (1.7%).6
In addition, Narendran et al reported that the prevalence
of late age-related macular degeneration in the popula-
tion-based study of heavily pigmented Indians living in
the Tamilnadu state of South India was similar to the age-
specific prevalence reported among white populations in
the West. As previously noted, the frequency of ARM in
whites has been reported to be higher in eyes with light
iris color than in those with darker iris color, as reported
in some but not all studies.82 In the population-based
Blue Mountains Eye Study, persons with blue irides were
found to have an increased risk of both early and late
ARM (Fig 1).13 But, a similar association was not found in
the Eye Disease Case-Control Study, or in the
Chesapeake, Melton Mowbray, Copenhagen, Rotterdam
and Beaver Dam studies."' In Beaver Dam, iris color was
not related to the incidence (OR 1.29 95% CI 0.94 to 1.77,
brown vs. blue or green color) or progression (OR 1.00,
95% CI 0.68 to 1.47) of ARM.'2

Relation Between Iris Color and ARM Among 3 Eye Studies (OR, 95% Cl)

Early ARM:
Beaver Dam - Green vs Blue

Brown/Tan vs Blue
Blue Mountain - Green vs Blue

Tan vs Blue
Brown vs Blue

Rotterdam - Green vs Blue
Brown/Tan vs Blue

Exudative ARM:
Beaver Dam - Green vs Blue

Brown/Tan vs Blue _
Blue Mountain - Green vs Blue

Tan vs Blue
Brown vs Blue

Rotterdam - Green vs Blue
Brown/Tan vs Blue _d_l

0 1 2 3
Beaver Dam Early ARM models adjusted for age, sex and catarad surgery, Exudative models adJusted for
age and sex. Blue Mountaen models adJusted for age, sex, current smoking and AMD family history.
Rolterdam models adJusted for age and sex.

FIGURE 1

Printed with permission by Mosby anid comes from Klein R.
Epidemiology in "Age-related Macular Degeneration" ed Berger JNWV7
Fine SL, Maguire MG. Mosby l999;pp3l-56.
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If it is true that pigmentation is causally associated
(protective) with late stages of ARM, what might be the
mechanism? One proposed physiologic explanation for a
protective effect of pigment is that melanin in the retinal
pigment epithelium and choroid (which is correlated to
iris pigmentation) protects the retina from free radicals
associated with photo-oxidation and light absorption.'4
Further support for a role of pigmentation in the patho-
genesis of neovascular macular degeneration comes from
recent observations in transgenic mice. Rohan et al'5
reported a higher rate of iris neovascularization and
hyphema after implantation of corneal pellets of bFGF in
albino mice (C57BL/6J-Tyrc-2J and 129/SV mice) com-
pared to their pigmented relatives (C57BL/6J and
129/SylmJ mice, respectively). It is also possible that there
is no protective effect of pigment and that genes associat-
ed with ARM are linked to those affecting pigment.

In summary, the relationship of iris (or uveal) pigment
to the development ofARM is still unresolved. This points
to the need for prospective population-based data from
persons of varied pigmentation using objective systems to
document, detect, and classify the presence and severity of
lesions associated with ARM, pigmentation, and other risk
factors. It has been applied in ongoing studies in Beaver
Dam, Rotterdam, and Blue Mountains permitting exami-
nation of differences among these population and putative
risk factors that might explain these differences.'6
However, even when photography and codified grading
protocols are employed, there is the possibility of color
variability related to photography and between-center
variability that is not easily sorted out. Objectively quanti-
fying skin and iris pigment may also be difficult. Until
objective codified approaches are widely used, precise
estimates of rates of ARM and its relationship to pigment
in various ethnic groups are not within our grasp.

REFERENCES

1. Frank RN, Ptuklin JE, Stock C, et al. Race, iris color, and age-relat-
ed mnactular degeneration. Tratis Anl Ophthalmowl Soc. 2000;In Press.

2. Schatz H. The senile maculopathies and the retinal pigment
epithelitum. Int Ophtlhalnol Clin 1975;15:169-180.

3. Klein R, Klein BEK, Jensen SC, et al. Age-related maculopathy in a
multiracial United States population. The National Health and Nutrition
Examination Survey III. Ophthalmology 1999;106:1056-1065.

4. Klein R, Clegg L, Cooper LS, et al. Prevalence of age-related mac-
ulopathy in the Atherosclerosis Risk in Communities Study. Arcli
Ophthalmzol 1999;117:1203-1210.

5. Schachat AP, Hyman L, Leske MC, et al. for the Barbados Eve
Study Group. Features of age-related macular degeneration in a
black population. Arch Ophthalmnol 1995; 113:728-735.

6. Bressler SB, Munoz B, Phillips D, et al. and the SEE Project Team.
Prevalence of age-related macular degeneration in a population-
based study: SEE project [Abstract]. Presented at the Macula
Society Meeting, Boca Raton, FL, 1998;pp 86.

7. Narendran RDT, Kim, Selvaraj, et al. The prevalence of age-relat-
ed maculopathy in south India. [Abstract] Investigat Ophthalmol
Vis Sci 2000;41:S119.

8. Eye Disease Case-Control Study Group. Risk factors for neovascu-
lar age-related macular degeneration. Arch Ophthalmol
1992;110:1701-1708.

9. West SK, Rosenthal FS, Bressler NM, et al. Exposure to sunlight
and other risk factors for age-related macular degeneration.
Archives of Ophthalnwlogy 1989;107:875-879.

10. Gibson JM, Shaw DE, Rosenthal AR. Senile cataract and senile
macular degeneration: an investigation into possible risk factors.
Trans Ophthalnwl Soc UK 1986;105:463-468.

11. Vinding T. Pigmentation of the eye and hair in relation to age-relat-
ed macular degeneration: an epidemiological study of 1000 aged
individuals. Acta Ophthalniwl (Copenhag) 1990;68:53-58.

12. Klein R, Klein BEK, Jensen SC, et al. The relationship of ocular
factors to the incidence and progression of age-related maculopa-
thy. Arch Ophthalmol 1998;116:506-513.

13. Mitchell P, Smith W, Wang JJ. Iris color, skin sun sensitivity, and
age-related maculopathy. The Blue Mountains Eye Study.
Ophthalmology 1998;105:1359-1363.

14. Jampol LM, Tielsch J. Race, inacular degeneration and the Macular
Photocoagulation Study. Arch Ophthalmnol 1992;110:1699-1700.

15. Rohan RM, Fernandez A, Udagawa T, et al. Genetic heterogeneity
of angiogensis in mice. FASEB 2000;14:871-876.

16. Smith W, Assink J, Klein R, et al. Risk factors for age-related mac-
ular degeneration: Pooled findings from 3 continents.
Ophthalmowlogy: In Press.

FREDRICK L. FERRIS. I would like to apologize for starting
this whole iris color issue. About 20 years ago we were dis-
cussing possible risk factors related to race for the devel-
opment of age related macular degeneration. We won-
dered if antioxidant properties of melanin or perhaps other
factors related to melanin might be responsible for the
decreased risks of developing macular degeneration in
blacks. We could not think of anyway to measure the den-
sity of pigment in the retinal pigment epithelium so we
wondered if we could approximate this by looking at the
pigment in the iris. In our first study we actually found an
association between iris pigmentation and the risk of
developing age related macular degeneration. Other stud-
ies have been variable. More recently, with careful studies
we have found that iris pigmentation is not associated with
macular degeneration. I would like to ask Dr. Frank if his
iris color findings are confounded by race? He has a high
percentage of blacks in his population; I doubt that any of
them have blue eyes. Without adjusting for the racial
effect, an analysis can be misleading. I wonder if anyone
can think of it better surrogate for the retinal pigment
epithelial melanin; I don't think the iris color is the answer.

DR DAVIID L. KNOX. I think it is time for us to change our
way of thinking. Black, as it is used in the United States,
refers to people who live together under the rubric " I am
black". We know there's a mixture of North American
Indians with a black population and Caucasian Western
Europeans with a black population. The definition of
black needs to be based on a biological basis.
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Mitochondrial DNA is one way of doing this. It may be
socially or ethically risky because many of these
populations do not want to be identified by any other
parameters than what they call themselves. However I
feel that when we use the term black we are not being
good biologists.

DR GEORGE L. SPAETH. You mentioned that the individu-
als were older than a particular age. The life expectancy
of blacks is shorter than that of whites. Therefore the
mean age of the white population would be older than the
black population. What was the mean age of these
patients and could that explain the difference that you
found?

DR ROBERT N. FRANK. First of all I have nothing but
praise for Dr Ron Klein's very elegant discussion. It is all
that any speaker can hope for, to have a discussant expand
upon the speaker's remarks and enrich them as Dr Klein
has done. That was a wonderful commentary.

Dr Klein did raise the issue brought up by the paper
presented at the recent ARVO meeting which suggested
that, in a population from India consisting of individuals
with heavy skin and ocular pigmentation, AMD was at
least as common as it is in white populations in the West.
Those investigators concluded that the genes that may be
responsible for AMD are different from those that deter-
mine skin and eye pigmentation. This issue remains to be
further investigated.

Regarding Dr Rick Ferris' comments, I have the fol-
lowing two points to make. First, iris pigmentation in our

study was not used as a surrogate for retinal pigment
epithelial pigmentation. As far as we know, retinal pig-
ment epithelial pigmentation (and that of the iris pigment
epithelium and the pigmented layer of the ciliary epithe-
lium) is present essentially equally in all individuals,
except for albinos, regardless of whether they are fair-
skinned or dark-skinned. It is the difference in the pig-
mentation of the iris stroma and of the choroidal stroma
that accounts for the differences in iris and in ocular fun-
dus pigmentation that we observe.

The relationship ofAMD to iris pigmentation in our
study was not confounded by race. The part of our study
dealing with AMD and iris color was carried out only on
the white subjects, precisely in order to avoid that con-
founder.

Regarding Dr David Knox's comments, this was, we
hope, a biological study and not a sociological one. We
used the definitions of race in this study as white or black
(African American) as those that were apparent to us, and
by which the subjects identified themselves racially. We
felt that skin and ocular pigmentation were the major vari-
ables and we hope that what was evident to us clinically
were the important variables. We did not attempt to do
genetic analyses.

Regarding Dr George Spaeth's comments, we did not
calculate mean age. We thought that AMD is increasingly
prevalent above the age of 60 and so that was the lower
age limit that we employed. We did not try to do a pre-
cise age-matching. Although we haven't calculated mean
ages for the groups in our study, we believe that they are
comparable.
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