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Colour vision in patients with chronic simple
glaucoma and ocular hypertension
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Moorfields Eye Hospital, London

SUMMARY Normal subjects and patients with chronic simple glaucoma and ocular hypertension
were examined with the Farnsworth-Munsell 100 hue test. Two groups of glaucoma patients were
studied, one group having field defects in both eyes and the other being 'unilateral' in the sense
that one eye had a full visual field. The stage of the disease was assessed by the amount of field loss
or by the amount of optic disc damage as expressed by the vertical cup: disc ratio. Hue discrimina-
tion in eyes with glaucomatous field defects was worse than in eyes of normal subjects, but there was
no clear indication of one range of colours being more affected than another. In glaucoma patients
with field defects in both eyes the difference in error scores between the 2 eyes was greater than in
normal subjects. There was a significant correlation between the degree of impairment of hue
discrimination, expressed as the error score, and the amount of glaucomatous field loss. There was
also a significant correlation between error score and the amount of glaucomatous damage to the
optic disc, expressed by the vertical cup:disc ratio. Findings in a group of patients with ocular
hypertension suggested that some of these were cases of incipient glaucoma.

Defective colour vision has been established as part
of the impairment of visual function in eyes affected
by chronic simple glaucoma.1-5 The main purpose
of the investigation reported in this paper was to
study the relationship of the degree of loss of hue
discrimination to the stage of glaucoma, the latter
being assessed not only in terms of visual field loss,
but also in relation to optic disc damage expressed
quantitatively as the vertical cup: disc ratio. Hue
discrimination tests were carried out on patients
with chronic simple glaucoma, some of whom had
visual field defects in both eyes and some in one
eye only. Some cases of ocular hypertension were
included in this study, because it was highly prob-
able that among them would be a proportion of
individuals with incipient chronic simple glaucoma.

Patients and methods

The patients tested were attending the Glaucoma
Clinic of the Institute of Ophthalmology and Moor-
fields Eye Hospital for routine diagnosis and manage-
ment. All had shown intraocular pressures of more

Correspondence to the Secretary, Glaucoma Unit, Moor-
fields Eye Hospital, City Road, London EC1V 2PD.

than 21 mmHg with open angles. Those classified
as chronic simple glaucoma had typical glaucoma-
tous visual field defects in one or both eyes; if both
fields were full, the patient was regarded as having
ocular hypertension. A small number of normal
volunteers, mostly relatives and friends accompany-
ing patients, were also tested.

In some patients the Farnsworth Munsell 100 hue
test was conducted in the usual way, while in others
a modified procedure was used as follows. A wheel
26 in (66 cm) in diameter was fixed to a pivot
mounted on an inclined base so as to be capable of
rotation through 360° (Fig. 1). Around its perimeter
the wheel carried 89 nylon pegs measuring 3 in
(19 cm) in height and shaped to take the standard
Farnsworth test caps. Four reference caps were
permanently fixed to the wheel corresponding to the
first reference cap on each of the Farnsworth 100
hue boxes; they were placed between the pegs of
caps nos. 85 and 1, 21 and 22, 42 and 43, and 63 and
64 respectively. The 85 caps were kept on pegs
fixed to the base of a tray below the wheel. Illumi-
nation was provided by 2 daylight fluorescent tubes
fixed on each side of the wheel and enclosed in a
metal reflector so that the light was evenly projected
on to the wheel and tray. The luminance was around
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Fig. 1 Farnsworth-Munsell
100 hue colour vision test using
the 'wheel' with nylon pegs
mounted on an inclined base
and fixed to a pivot and the
Farnsworth-Munsell 100 hue
caps kept on pegs fixed to a
base illuminated by 2 daylight
fluorescent tubes.

107 lux. The procedure was the same for the con-
ventional Farnsworth-Munsell 100 hue test except
that, instead of presenting the caps in 4 separate
boxes, the caps were placed in a random fashion on
the tray. The patient sat facing the wheel and was
briefed with the details of the test. With one eye
covered and wearing his near correction, if any, the
patient was required to arrange the caps in the right
order starting from the reference cap between peg
85 and 1. When all caps had been fixed to the pegs
on the wheel the positions of the caps were checked
and marked on a special chart. The same procedure
was repeated for the second eye.
A computer programme was developed to score

and plot the results on a CIL model 7341 incre-
mental plotter. The programme to produce the
plots was written in Fortran and was run on an
IBM 360/65 computer. The raw data, that is the
patient's response for each cap, were stored on
magnetic discs having teen put there by means of a
visual display unit connected to the computer.
Before any scores were calculated or any plotting
took place the data were checked by means of a
programme which indicated any data points greater
than 85 or appearing twice and which also pointed
out any missing cap number. When the data were
free from error, the plotting programme was run.
This programme also calculated the score at each
cap, the total score, and the average and percentage
error for each box and for the four boxes combined,
this information teing given in a table above the
graph. The plot was obtained by converting the
scores into (x, y) co-ordinates and joining adjacent
points. If the score at a particular cap was greater

than 16, it was not plotted in the normal way, since
it would have meant drawing lines outside the chart.
Instead, the score was written on the periphery of
the chart and no lines were drawn to the adjacent
points. The plot of the graph and table took about
10 minutes.

Paired t tests comparing the mean difference in
the scores of the standard 100 hue test and the
'wheel method' were carried out, and it was con-
cluded that there was no systematic change in the
scores with the wheel as compared with the standard
test.
Cup: disc ratios were obtained from measure-

ments of optic disc photographs as previously
described.6 7
The visual fields were examined on a Goldmann

perimeter by static presentation of the 1:4 stimulus
in 188 different positions within the central 250.8
The extent of field loss was expressed as the number
of stimuli not seen.

Results

ERROR SCORES
Table 1 summarises the average error scores for the
100 hue tests for normal subjects, glaucoma patients,
and patients with ocular hypertension. The groups
were matched for age and sex, and each group
comprises results for 26 eyes. The average age
throughout was 57 years. The glaucoma patients
in Table 1 were 'unilateral' cases as regards field
defects; that is to say, an intraocular pressure above
21 mmHg had been found with open angles in both
eyes, but in only one eye had a typical glaucomatous
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Table 1 Average error scores for normal subjects and for patients with 'unilateral' chronic simple glaucoma
and ocular hypertension

Average error scores
A verage
age Box 1 Box 2 Box 3 Box 4
(years) Red to Yellow to Blue-green Blue through Total

yellow blue-green to blue purple to red

Normal subjects 57 4

26 eyes 13-7 16-1 16-7 17-1 63-7

Glaucoma patents 57-1

26 eyes with field defects 37-2 49 5 50-3 43-8 180-7

26 eyes with full fields 16-8 20-3 19-0 20-8 76-9

Ocular hypertension 57-0

26 eyes 15-0 23-6 22-7 20-1 81-3

Table 2 Interocular differences in error scores on 100 hue test

Mean differences in error scores

No. of Box 1 Box 2 Box 3 Box 4 Total
individuals Red to Yellow to Blue-green Blue through

yellow blue-green to blue purple to red

Normal subjects 24 4-2 4-8 8-8 8-3 20-0

Glaucoma patients with field defects
in both eyes 16 24-5 22-8 29-7 33-1 96 9

Patients with ocular hypertension 30 14-3 14-2 18 8 12-8 45 6

field defect been demonstrated on the Goldmann
perimeter. The details of the optic discs, visual
fields, and Farnsworth-Munsell 100 hue tests of a
typical patient from this group are shown in Figs.
2a, b, c, and 3a, b, c.

Table 2 gives the mean differences in scores
between the 2 eyes of normal subjects, patients with
'bilateral' chronic simple glaucoma (i.e., with field
defects in both eyes-a completely separate group
from those in Table 1) and patients with ocular
hypertension. The normal subjects and patients
with ocular hypertension included those in Table 1.
The error scores were analysed statistically from

3 aspects: (a) comparison between the 4 boxes of
the 100 hue test; (b) comparison between the various
groups of patients and subjects; (c) using differences
in scores between the 2 eyes.

(a) Statistical analysis showed some significant
differences between the scores for the various boxes,
but there was no consistent pattern when the scores
for all groups of eyes were considered.

(b) When the error scores for the various groups
of eyes were considered, it was clear that the scores
for eyes with glaucomatous field defects were

higher than those for eyes in the other 3 groups
(P<0-001), and this was so for all 4 boxes and for
total scores. Otherwise no differences at the 5%
level or less were found between the various groups
of eyes.

(c) When differences in error scores between the
2 eyes of individual patients were analysed, those
with bilateral glaucomatous field defects had signi-
ficantly higher scores than normal subjects (P<0 01).
The glaucoma patients also differed from those with
ocular hypertension except in the third box (blue-
green to blue). Patients with ocular hypertension
were significantly different from normal subjects
only in the first and second boxes (red to yellow
and yellow to blue-green).

CORRELATIONS BETWEEN 100 HUE ERROR
SCORES AND CUP :DISC RATIOS
Correlation between error score and amount of visual
field loss. For the 26 glaucomatous eyes with field
defects in Table 1 a highly significant correlation
was found between the error score and the number
of stimuli not seen in the visual field test (r-=061,
P<0-001). There was no correlation between the
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2a 3a
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._ I | _l I 110 111 ~~~~~~~~~~~~~~~~~~~~~

2b 3b

2c 3c
Figs. 2a, b, c (right eye) and 3a, b, c (left eye) Details of the optic discs (cup:disc ratio-right eye 055 and left eye 0-8),
visualfields and Farnsworth-Munsell 100 hue colour vision tests ofa57-year-old male patient with chronic simpleglaucoma,
showing unilateral field defect (corrected visual acuity right eye 6/5 and left eye 6/4-pupils 4 mm right and left eyes).
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Table 3 Correlations between cup:disc ratios and 100 hue error scores in 'unilateral' chronic simple glaucoma

Box 1 Box 2 Box 3 Box 4
Eye Red to Yellow to Blue-green Blue through Total

yellow blue-green to blue purple to red

Right ** 0 0

Left 0

Right minus left

Eyes with full fields 0 0 0 0 0

Eyes with field defects 0 0

0 = No significant correlation. *0-05 > P >0'01. *%0-01 >P >0-001. **0-001 >P.

error score and the closeness of the field defect to
fixation.

Correlation between error score and cup :disc
ratio. The following correlations were computed:
(1) between the right cup: disc ratio (CDR) and the
right score; (2) between the left CDR and the left
score; (3) between (right CDR minus left CDR)
and (right score minus left score); (4) between CDR
in eye with full field and score in eye with full
field; (5) between CDR in eye with field defect and
score in eye with field defect; (6) between (CDR in
eye with field defect minus CDR in eye with full
field) and (score in eye with field defect minus
score in eye with full field).

These findings are summarised in Table 3, from
which it can be seen that, when eyes with field
defects were involved, some degree of correlation
between CDR and score could be demonstrated, at
varying levels of significance and usually not for
the complete range of hues. Interocular differences
in CDR and score gave the more significant corre-
lations. In eyes with full fields no significant corre-
lations between CDR and score were found.

In 24 patients with ocular hypertension a signifi-
cant (P<001) correlation was found between the
interocular differences in CDR and the interocular
differences in 100 hue score.

Discussion

The results show clearly that hue discrimination
is well below normal in eyes with established
chronic simple glaucoma, that is, when field defects
are present. The finding of error scores above
normal in eyes with full fields in glaucomatous
patients and in cases of ocular hypertension suggests
that impairment of hue discrimination occurs in the
relatively early stages of the disease. The highly
significant correlation between error score and the
amount of visual field loss already reported by
Austin9 shows that in the later stages of the disease

reductions in hue discrimination and field deteriora-
tion take place together.

In glaucoma patients with field defects in both
eyes the difference in error scores between the 2
eyes was greater than in normal subjects. This
would appear to be a reflection of the difference in
severity of glaucomatous damage frequently evident
between the 2 eyes of individual patients. A similar
result was obtained, though of smaller magnitude
and limited to the first 2 boxes of the 100 hue test,
in patients with ocular hypertension, suggesting that
this group contained cases of incipient glaucoma.
The cup:disc ratio, measured from photographs

of the optic disc, was used to provide an objective
index of the stage of the disease. In glaucomatous
patients with field defects in one eye only, the
highly significant correlation which was found
between the interocular differences of error score
in the 100 hue test, and the interocular difference in
cup:disc ratio strongly suggests that the degree of
impairment of colour discrimination is related to
the severity of glaucomatous damage to the optic
discs. When the error scores and cup:disc ratios
were analysed for the eyes with field defects, signifi-
cant correlations between these parameters were
again found, though not for the complete range of
the 100 hue test; this finding also indicates that loss
of colour discrimination is related to optic disc
damage.
The finding of a correlation between cup:disc

ratio and error score provides the possibility of
extending the investigation to the stage of glaucoma
in which a field defect has not been demonstrated.
For example, the study can be extended to eyes
with full fields in patients having established
chronic simple glaucoma in the other eye, and to
patients with ocular hypertension, some of whom
can be presumed to be cases of incipient glaucoma.
In the present investigation the results for these 2
groups, while not in disagreement, are not mutually
supportive. No correlation was found between the
magnitude of the cup: disc ratio and error scores in
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eyes with full fields in 'unilateral' chronic simple
glaucoma. On the other hand interocular differences
in cup:disc ratios showed a significant correlation
with interocular differences in error scores in 24
patients with ocular hypertension. In this respect,
it should perhaps be remembered that in glaucoma
patients the most significant correlations between
cup: disc ratios and error scores were found when
interocular differences were analysed (Table 3).
From the clinical viewpoint the suspicion that a
patient with 'ocular hypertension' should be regar-
ded as having early chronic simple glaucoma would
seem to be increased by finding an asymmetry of
hue discrimination which matched asymmetries of
cup: disc ratio and intraocular pressure.

We wish to thank Mr L. Yerlett for constructing the wheel
system, Mr H. Donovan for developing the computer
program, the Audio Visual Department, Institute of Ophthal-
mology for illustrations, and Mrs J. Kennedy for typing
the manuscript.
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