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CHAPTER 42

EARLY VISION LOSS IN
DIABETIC PATIENTS ASSESSED

BY THE CAMBRIDGE
COLOUR TEST

D. F. VENTURA, M. F. COSTA, M. GUALTIERI, M. NISHI,
M. BERNICK, D. BONCI, AND J. M. DE SOUZA

Introduction

Colour vision is one of the visual functions severely affected by Type II Diabetes mellitus
(DMII). Colour vision loss occurs when there is diabetic retinopathy (Remky et al. 2000)
and is proportional to the degree of retinopathy (Tregear et al. 1994, 1997). Colour
contrast sensitivity is affected in' peripheral vision in the carly stages of retinopathy,
whereas central (macular) loss is proportional to the stage of the pathology (Fristrom
1998).

These losses have been attributed to vascular changes related to diabetes and not much
attention has been paid to the possibility that they may represent neural changes in
addition to circulatory ones (Lieth et al. 2000). Recent research with various different
methods and situations has confirmed that even before the onset of diabetic retinopathy
there is colour vision loss (Deschenes et al. 1997; Ismail and Whitaker 1998; Kurtenbach
et al. 2000; North et al. 1997a) and reduction in contrast sensitivity (North et al. 1997b).
Colour vision may be assessed by different tests and a battery of tests is recommended
(Birch 1993) since they measure different aspects of visual funtion.

A recently released test (Mollon and Reffin 2000) is the Cambridge Colour Test (CCT),
from Cambridge Research Instruments, developed by Mollon and Reffin (1989) and
clinically adapted by Regan et al. (1994). It is a computerized test that uses a psycho-
physical procedure to estimate MacAdam ellipses, and thus presents quantifiable results
(MacAdam 1943).

There is great interest in testing colour vision with the use of a sensitive instrument
that gives quantifiable results, since it may allow detection of losses not identifiable with
other tests, both in the initial diagnosis and in the follow up of the condition. In DMI],
as in any pathology that affects colour vision, better assessment of the losses may result

in a more effective therapeutic action.
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We therefore used the Cambridge Colour ‘Test to measure colour vision in diabetic
patients with clinically normal fundi and in age-matched controls and compared the
results with those obtained with other traditionally used tests.

Methods

Subjects

Colour vision was assessed in 9 type II Diabetes mellitus (DM II) patients, age 42-76
years, (mean = 60; SD = 11.3) without retinopathy, referred by the Diabetes unit of the
University Hospital of the University of Sdo Paulo. Times since DM II diagnosis ranged
from 3 months to 14 years. An age-matched group of 9 non-diabetic subjects aged from
48 to 71 years (mean = 60; SD = 9.8) served as control. These Ss were selected from a
group of 17 non-diabetic controls because they exceeded the tritan limit of 150 x 103/’
units in the Trivector test, as was also the case of the diabetic patients. Accordingly, they
were tested in the Tritanopic Set, as specified in the test manual.

All patients had received ophthalmologic evaluation within a month of colour vision
testing. Diabetic patients and control subjects had VA of 1.0, except for one case, for
each group, with VA of 0.9.

Colour vision was assessed monocularly in all patients and binocularly in the controls,
with the best corrected visual acuity. The patients and the controls were also submitted
to the Farnsworth-Munsell 100-hue test (FM 100), to the Lanthony desaturated test, and
to the D15 test. An illumination of 1.49 x 10° lux was provided by two fluorescent lamps
(Sylvania Octron 6500K FO32W/65K) placed 60 cm above the work surface.

Cambridge Colour Test

We used the commercial version of the Cambridge Colour Test, CCT v2.0, run on a
microcomputer (Dell systems) with the VSG 5 graphics card, and a Sony FD Trinitron
colour monitor (Cambridge Research Instruments).

The visual stimuli consisted of a target—the letter “C”—on a background of different
chromaticity (for details see Mollon and Reffin 1989, 2000). As in the Ishihara test,
both were made up of small disks of variable size and luminance. During each trial, the
background chromaticity was fixed while the colour of the target was changed in order
to determine a discrimination threshold, according to a psychophysical procedure (see
below). The opening of the “C” was presented in four orientations (up, down, left, or
right). Subjects indicated the position of the opening by pressing the correspondingly
situated key on a button box.

The CCT offered two testing situations: the Trivector test and the Ellipses test, each
described in detail in an accompanying manual (Mollon et al. 2000) and in previous
publications (Mollon and Reffin 1989; Regan et al. 1994, 1998). The Trivector is a
short test, used for rapid screening, in which discrimination thresholds relative to a
background chromaticity (0.1977, 0.4689 in u’v' 1976 CIE colour space) are determined
in three axes or vectors in colour space: the protan, the deutan and the tritan axes.
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The second testing situation, the Ellipses Test, measures three MacAdam ellipses that
can be 8, 12, 16, or 20 equally spaced vectors in the CIE colour space. In our groups the
8 vector ellipses were used because the age group tired very easily. The v coordinates
for the background chromaticity of each ellipse were: Field 1: 0.1977, 0.4689; Field 2:
0.1925, 0.5092; Field 3: 0.2044, 0.416. For subjects that exceeded a threshold distance of
150 x 101’y units in the tritan axis of the Trivector test, the ellipses were determined
along a red-green axis, in a Blue-Yellow Deficiency Set—Field 1: 0.1977, 0.4689; Field
2: 0.158, 0.4738; Field 3: 0.2422, 0.4634. The software compiled the subject’s responses,
automatically plotted the threshold for each vector and fitted an ellipse through the
thresholds centred on the background colour.

Tests with the CCT were performed in a darkened room, with the computer monitor
screen off or dimmed. The subject was positioned 3 m away from the stimulus monitor.
The short test version, the Trivector, was determined first, for screening purposes. Eight-
vector ellipses were determined. The results were expressed in #'v’ coordinates in CIE

colour space.

Psychophysical procedure
The CCT used the staircase psychophysical method for threshold determination, present-

ing two staircases in random alternation. Each staircase began with a saturated hue and
proceeded to a less saturated hue every time the S made a correct response. Conversely, an
incorrect response or no response was followed by presentation of hues with higher sat-
uration value. Step size was halved or doubled, following correct or incorrect responses,
respectively. After six incorrect responses or six reversals, the staircase was terminated
and a threshold was computed. Successively, other pairs of hues were tested.

Results

Consistent results were obtained from all Ss, regardless of the lack of preliminary training
or the education level. When patients had difficulty understanding the procedure the
tester repeated the instructions and allowed a short period of training.

Compared with control Ss (Table 42.1), all patients presented some degree of colour
vision loss in the CCT (Table 42.2), ranging from a slight tritan loss (4/18 eyes) to a large
tritan loss (4/18 eyes) and from a small to a major diffuse loss (respectively, 7/18 and
1/18 eyes).

Diabetic patients had differences between the two eyes in Trivector thresholds, with the
better eye close to age-matched control thresholds and the worst eye showing elevated
thresholds (Fig. 42.1). The protan and deutan thresholds were significantly different
from those of the controls (p < 0.005) but the tritan thresholds were not.

Average ellipse area and length also had much larger values in the worst eye of diabetic
patients than in age-matched controls, whereas the angles were close to those of age-
matched controls (Fig. 42.2). The fact that DM II ellipses had a narrow distribution of
angles, close to 90°, might reflect a tritanopic trend. However, this was not a general rule.
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Figure 42.1 Results from the Trivector test showing thresholds in CIE 1976 104/’ units obtained
along the protan, deutan, and tritan axes for best and worst eyes of diabetic patients and age-matched
controls. Asterisks indicate significant differences from the control data.
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Figure 42.3 Test results showing thresholds and fitted ellipses plotted in the CIE 1976 v’
chromaticity diagram for: (a) diabetic patient with a diffuse loss; (b) diabetic patient with a tritan loss;

(c) normal subject.

Patients were apparently classifiable into two groups: those with clear tritanopic losses
and those with diffuse losses (Fig. 42.3). .

Duration of DM II
The duration of diabetes was not correlated with the discrimination loss measured by

the Trivector test nor with length or area of the CCT ellipses.

Comparison with other tests

The error score in the FM100 hue test was not predictive of CCT loss and showed
unspecific losses in 13/16 eyes, a tritan loss in one eye and normal results in 2/16 eyes.
The FM score was below 120 for 7/16 eyes, all of which showed losses in the CCT. One

of the nine patients was not tested in the FM100.




402 NORMAL AND DEFECTIVE COLOUR VISION

The diagnosis made with the D15 and with the Lanthony tests coincided with the CCT
in only 2/18 cases. Relative to the CCT results, the two tests underestimated losses i
30 per cent of the cases (5/18 eyes in the Lanthony and 6/18 in the D15) or produced a
different diagnosis (5/18 eyes in the Lanthony and 4/18 eyes in the D15), The Lanthony
desaturated test scores (Bowman 1982) were positively correlated with the protan and
deutan axes in the Trivector test, although the correlation Was not significant. Compar-
isons between the CCT and the Lanthony and D15 tests were possible in sjx patients;
measurements were not made in the other three.

Discussion

The finding of colour vision loss in diabetic patients with no retinopathy is consistent
with previous reports. Significant lengthening of implicit time and amplitude reduction
were detected in the focal electroretinograms of non-retinopathic diabetic patients com-
pared to control subjects (Deschenes et al. 1997). Non-retinopathic diabetic patients also
had reduced visual acuity and contrast sensitivity and also colour vision loss, compared
to normals (Deschenes et g/, 1997; Ismail et al. 1998; Kurtenbach et ql. 2000; North et al.
1997a). However, these functions did not distinguish between diabetics without diabetic
retinopathy and those in the early stages ofretinopathy.

In the present work we found that with one exception, all patients examined with the
CCT had some degree of colour vision loss, Although a larger sample would be needed
for a stronger claim, jt seems that the CCT might be a more sensitive test than the
instruments used previously. In fact, in severa] eyes (5/18) in which FM 100 test scores
were relatively low (below 120) for 7/18 the CCT results showed either tritan or diffuse
losses. The same happened with the Lanthony and the D15 tests. Ofall the comparisons,
the best agreement was between the CCT and the Lanthony scores,

The early clinical signs of diabetic retinopathy are mainly related to microvasculopathy
represented by microaneurisms. These abnormalities develop after thickening of the
capillary basement membrane and pericyte dropout. Since colour vision and other
psychophysiological functions seem to be compromised even though clinical signs of
diabetic retinopathy were not noticed, a neuropathy may be present. Aldose reductase is

found in high concentration in retinal pericyte and Schwann cells and some investigators  *

suggest that diabetic retinopathy and neuropathy may be caused by aldose reductase
mediated damage.

vision should be evaluated in diabetic patients from the earliest stages of the disease.
Even though the duration of diabetes was not correlated with the extent of loss in the
ellipses data, it was positively correlated with the tritan Trivector results.
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