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Evaluation of an Iris Color Classification System
Johanna M. Seddon,* Christine R. Sahagian,* Robert J. Glynn,* Robert D. Sperduto.f
Evangelos 5. Gragoudas,* and the Eye Disorders Case-Control Study Group

A system for classification of iris color based on standard photographs, developed for use in a
multiccntcr study, is described. Categories of iris color are distinguished based on predominant color
(blue, gray, green, light brown, or brown) and the amount of brown or yellow pigment present in the
iris. Two trained readers independently graded 339 iris photographs; discrepancies in grades were
adjudicated. Measures of interobserver reliability were 0.76 by kappa for exact agreement and 0.97 for
weighted kappa. The distribution of iris color grades demonstrates that the system achieved an
appropriate level of detail within the authors" study population, which included patients with various
racial backgrounds from five urban clinical centers. This simple, reliable classification system for iris
color is offered for use in clinical research. Invest Ophthalmol Vis Sci 31:1592-1598, 1990

A growing number of epidemiologic studies include grading of iris color. Interest in such grading
has been stimulated by reports of association between
iris color and several ophthalmic diseases, including
ocular melanoma12 and age-related macular degeneration.14 In the past the gradings have depended on
self-assessment by patients or assessment by examiners using written descriptions. Little is known about
the reliability of such approaches. A standardized
system that is simple, yet detailed enough to be of use
for research purposes, is needed.
We have developed a system for assessing iris color
for use in a multicenler case-control study. The goal
of this National Eye Institute-sponsored multicenter
study is to identify risk factors for a group of retinal
disorders. Iris color is one of the potential risk factors
under investigation. This article describes a system
we have developed that uses standard photographs
for grading iris color.

Materials and Methods
Description of Grading System

The study protocol, which included iris and fundus
photography, was approved by the Human Subjects
Committees of all participating hospitals, and all
subjects signed informed consent forms.
Photographs of undiluted irides were obtained with
the use of the Zeiss camera system (Carl Zeiss,
Thornwood, NY). The study population consisted of
patients with different racial backgrounds (approximately 20% were black) from five urban clinical
centers. The lids were retracted to permit an adequate
view of the iris. Kodachrome ASA-25, Kodachrome
ASA-64 daylight, Ektachrome 64, or Ekiachrome
100 daylight film (Eastman Kodak, Rochester. NY)
was used. The photograph of the iris was processed
and mounted as a 2-inch X 2-inch slide.
Two trained readers independently graded the
photographs. Before grading the study photographs,
readers were trained by the ophthalmologist, the
principal investigator, who (1) graded 50 slides obtained from nonstudy patients and compared her results with those of the readers, (2) discussed reasons
for discrepancies with the readers at training sessions,
and (3) repeated steps 1 and 2 above twice more.
A single iris photograph was placed on a light box
or table. A monocular 7X Bausch and Lomb (Rochester, NY) magnifier was used to view each iris photograph. Quality was then determined, based on clar-
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ity and field definition. First, clarity was assessed by
comparing each study photograph with a standard
photograph. Photographs were classified as either
"sharp." "acceptable" (equal to or better than the
standard photograph), or "poor" (worse than the
standard photograph). The standard photograph was
chosen to allow a wide range of photographic quality
to be graded as acceptable. Next, field definition was
graded by the readers. The photographic field was
acceptable if the diameter of the pupil was less than
half the diameter of the iris, the lid was retracted
enough to permit determination of iris color, and the
proper camera system was used to photograph the iris
to allow comparability with the standard photographs. Of the 339 photographs graded by the two
readers, 324 were judged to be of standard quality
and 15 were judged to be of substandard quality.
Reasons for poor quality included the following: ten
photographs showed poor clarity, four photographs
showed unretracted lids, and one photograph was
taken with an improper camera system.
Iris color was graded by comparing each study
photograph with a set of four standard photographs
(Figs. 1-4). The four standards provided the followingfive-gradeclassification system:
• Grade 1: blue or gray iris with brown or yellow
specks equal to (in approximate percentage of total
iris area) or less than in standard A (Fig. 1).
• Grade 2: blue, gray, or green iris with brown or
yellow specks equal to or less than in standard B (Fig.
2) but greater than in standard A.
• Grade 3: green or light brown iris with brown or
yellow specks equal to or less than in standard C (Fig.
3) but greater than in standard B.
• Grade 4: brown iris with color equal to or less
than in standard D (Fig. 4) but greater than in standard C.
• Grade 5: brown iris, darker than standard D.
Blue or gray irides were classified as grade 1 or 2.
These grades were distinguished by assessing the proportion of total iris area with brown or yellow pigment, compared with standard photographs A and B.
A green iris was a grade 2 or 3. Similarly, these grades
depended on the extent of brown or yellow pigment
in the iris. A predominantly brown iris was graded 3,
4, or 5, depending on the intensity of the yellowbrown pigment compared with standard photographs
C and D.
Evaluation of the Grading System

After the two readers independently graded the
photographs, the coordinator compared the two
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readings. Discrepancies between readers were arbitrated by the principal investigator. The adjudicator
graded the photographs without knowledge of the
two readers' gradings. The adjudicator's grade was
the final grade for those photographs that the readers
disagreed on; otherwise, the readers' grades were the
final grades. Periodically, training sessions were held,
during which discrepancies between readers were reviewed and reasons for differences were discussed.
Three substudies were performed to assess the reliability of the grading system. First, the interobserver
reliability was assessed for 324 consecutive photographs of adequate quality on undilated pupils that
were graded independently by each reader. Second,
the intraobserver reliability of gradings was evaluated
by redistribution of 47 randomly selected, previously
graded photographs to each reader for independent
grading. Again, any disagreements were adjudicated
by the principal investigator. Readers' first and second gradings were compared. Third, the overall reliability of the classification system was evaluated by
comparison of the two arbitrated grades for the 47 iris
photographs that were graded twice. These 47 photographs each were independently read by both readers
at two different times, and, at each time, any differences were adjudicated by the principal investigator.
The reliability of the overall grading system was evaluated by comparing the adjudicated grade from the
first reading with the adjudicated grade from the second reading.
We used Cohen's kappa statistic5 to measure intrareader reliability, interreader reliability, and the reliability of the proposed system based on adjudication of differences between readers. Because there is
concern that the value and interpretation of weighted
kappa is dependent on the arbitrary choice of
weights,6 for each assessment of agreement three
kappa statistics and 95% confidence intervals were
estimated. The differences between these three statistics indicate the sensitivity of weighted kappa to the
arbitrary choice of weights. The first, and most conservative, kappa statistic gave no credit for any disagreement between readers. This corresponds to the
original definition of kappa given by Cohen7 and is
denoted in this article by "unweighted kappa," although it is equal to weighted kappa, with agreement
weight of 1 for perfect agreement and 0 for any disagreement. Two versions of weighted kappa with 95%
confidence intervals were estimated.5 These measures
accounted for the ordinal nature of iris color grades
by giving partial agreement weights for near but not
exact agreement. The first set of weights chosen was
1, 0.5, 0.1, 0, 0. These weights give less credit for near

Fig, 1. Standard A,

Fig. 2. Standard B.

Fig. 3. Standard C".

Fig. 4. Standard D.
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Table 1. Agreement between readers in grading of
iris color
Reader A grade

Reader B grade
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1

2

l
2
3
4
5

98

Total

First arbitrated grade

Total

3

4

5

0
0
0

II
38
2
0
0

0
5
25
8
0

0
2
8
40
6

0
0
0
2
72

109
52
35
50
78

105

51

38

56

74

324

7

Table 3. Reliability of grading system for iris color

Second
arbitrated
grade

1

2

3

4

5

Total

1
2
3
4
5

18
4
0
0
0

0
6
1
0
0

0
0
0
1
1

0
0
2
6
0

0
0
0
0
8

18
10
3
7
9

Total

22

7

2

8

8

47

Two readers graded 47 photographs independently, with dillcrences adjudicated: all 47 regracled independently by both readers with differences adjudicated.

Two readers (A. U) independently graded 324 photographs.

agreement than the weights selected in three recent
reports in the ophthalmic literature of agreement for
ordered categoric characteristics.8"10 The second set
of weights chosen was 1, 0.9375, 0.75, 0.4375, 0.
These weights give more credit for near agreement
than the weights selected in the three above-cited articles.8"10 This last set of weights (derived from the
formula

of photographs were placed by each grader into each
of the five possible categories, suggesting that use of
the classification system results in a reasonable distribution of iris color in this study population. The
readers disagreed by more than one grade on two
photographs (both given grade 4 by reader A and
grade 2 by reader B).
Table 2 presents results obtained when each reader
independently regraded 47 standard quality photographs; agreement statistics are shown in the second
and third columns of Table 4. Each reader exactly
agreed with her original grade 83% of the time.
Reader A never disagreed with her original grade by
more than one grade; Reader B had one discrepancy
of more than one grade (one photograph originally
given grade 2 was subsequently given grade 5).
Results of the overall reliability of the iris color
grading system are presented in Table 3: agreement
statistics arc shown in the last column of Table 4. For
one photograph there was a discrepancy on repeat
grading of more than one grade (originally given
grade 3. subsequently given grade 5). Kappa statistics
ranged from 0.74 for unweighted kappa to 0.95 for
weighted kappa with agreement weights 1. 0.9375,
0.75, 0.4375, 0.

where i indexes reader 1, j indexes reader 2, and 16 is
the square of the number of categories minus one) is
recommended by Maclure and Willett.6 This latter
method is preferred because it produces a weighted
kappa asymptotically equivalent to a version of the
intraclass correlation coefficient" (ie, the two approaches agree if the sample size [number of photographs] is large, as in this study).
Results
Results from the study assessing interobserver reliability, based on the 324 standard quality photographs, are presented in Table 1. Agreement statistics
are shown in the first column of Table 4. At least 10%
Table 2. Intraobserver agreement in grading of iris color

First assessment grade
Reader A grade
3
4
5

Second assessment grade

Total
l:ach ol" two readers graded 47 photographs twice.

17
4
0
0
0

7
0
0
0

21

8

1

0
0
1
1
0

0
0
0
6

0
0
0

1

8

1

2

Total
18
11

1
8
9
47

Reader 13 grade
3
4
5

17
5
0
0
0

Total
17
11
1
8
10

10

8

47
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Table 4. Measures of reliability in grading of iris color
Iniraobserver reliability
Agreement
between readers

No. in analysis
Exact agreement (%)
Unweighted kappa
(95% Cl)
Weighted kappa
(95% Cl)
First set of weights*
Second set of wcightst

Reader A

324
84.3

Reader B

Reliability of
arbitrated
grades

47

47

47

83.0

83.0

80.8

0.76(0.72.0.81)

0.77(0.62.0.91)

0.76 (0.62. 0.91)

0.74(0.59.0.88)

0.85 (0.82. 0.88)
0.96 (0.95. 0.97)

0.86 (0.76. 0.95)
0.97 (0.94, 0.99)

0.84 (0.73. 0.95)
0.93 (0.86. 1.00)

0.82 (0.72. 0.93)
0.95(0.91,0.99)

* Agreement wemhts lor distune*: from ihc diuuonal: 1. 0.5. 0.1. 0. 0 for
differences 0. I. 2. 3, and 4 grades, respectively, from agreement,
t Agreement weights for distance from the diagonal: 1. 0.9375. 0.75.

0.4375. 0 for differences 0. 1. 2. 3. ;ind 4 era dcs. respectively, from aurecmenl.
Cl = confidence interval.

Discussion

both readers were equally reliable in their ability to
reproduce iris color grades and agreement between
readers was excellent as well, in some circumstances,
to reduce costs, having just one trained reader to assess iris color may be worth considering.
The reliability of the overall system is evaluated by
assessment of the reproducibility of the arbitrated
grade. Again, the results demonstrate a high percentage of exact agreement and large weighted kappas.
An important requirement of an iris color classification system is that a reasonably uniform distribution of grades be obtained. For each of the two
readers, each of the five categories of iris color represented at least 10% of the grades. Therefore, no collapsing of categories was warranted.
A potential limitation of this study is the allowance
in the protocol of the use of different types of film.
Because the differences between grades are rather
broad, misclassification resulting from film type
should be minimal and, if present, should not result
in a difference of more than one grade. Thus, the use
of different film types is unlikely to affect the reliability of this assessment of iris color.
In summary, the iris color classification system described here is reliable, simple to use, and not excessively detailed. We offer this system to the clinical
and research communities for use in assessing iris
color in a standardized manner. Standard photographs (Figs. 1-4) are available from the investigators
on request.

Evaluation of the proposed iris color classification
system indicates that this system is reliable. Iris photographs of study subjects were assessed by trained
readers who had no knowledge of subject identity or
case-control status. Adjudication of discrepancies reduced the likelihood of misclassification.
Agreement in grading ordered ophthalmic characteristics is sometimes assessed by computing
weighted kappa with a single set of weights that arc
subjectively chosen by the investigators. These
weighted kappa values are then compared with qualitative terms proposed by Landis and Koch12 (poor,
slight, fair, moderate, substantial, and almost perfect)
or similar qualitative terms proposed by Fleiss." This
approach has been criticized by Maclure and Willett,6
who point out that, with ordered categoric data,
weighted kappa is sensitive to the number of categories chosen and the arbitrary weights. They argue that
weighted kappa is so arbitrary that no comparison
should be made with the qualitative terms proposed
by Landis and Koch or by Fleiss. Results in the current report demonstrate some sensitivity of weighted
kappa to the choice of weights. However, regardless
of the weights chosen, large kappas were obtained for
each of the measures of reliability that we examined.
Results from the interobserver substudy show a
high degree of reliability within the system. Although
each reader graded the photographs without knowledge of the other reader's gradings. 84% of the photographs were given the same grade. Large weighted
kappas demonstrate that, overall, iris color grades
were assessed reliably between readers.
The intraobserver substudy portrays a highly reliable system as well. Eighty-three percent of the photographs were given exactly the same grade when read
on two separate occasions by each reader. Because

Key words: iris color, classification system, epidemiology,
kappa statistics, reliability
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