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Diabetes mellitus and its complications 
have confronted the developing as well as 
the industrialized world as a major public 
health problem. Despite being the leading 
cause of blindness in Americans between 
20 and 64 years, the ocular complications 
of diabetes are preventable and treatable in 
the early stages of the disease [1–3]. Screen-
ing and monitoring programmes are agreed 
to be the most effective future means of 
minimizing the complications associated 
with diabetes mellitus. Besides the social 
benefits of living more years with adequate 
visual performance, there is a substantial 
cost saving by early detection of significant 
retinopathy using effective screening and 
monitoring methods [4–7]. Thus, a reliable, 
quick and inexpensive test for detection of 
early dysfunction is of vital importance to 
primary and shared care programmes. 

Visual acuity charts only measure the 
high frequency component of the contrast 
sensitivity function and are markedly af-
fected by small amounts of defocus [8]. 
Loss of low-frequency contrast sensitivity 
has been reported to reduce the ability to 
recognize faces and background images. 
It may also affect recognition of pos-
tures and movement [9]. Therefore, the 
contrast sensitivity function curve gives 
additional information about a subject’s 
visual relationship to the environment and 
provides a more comprehensive description 
of visual performance than visual acuity 
alone. Visual acuity can be normal in some 
ocular diseases, including optic neuritis and 
glaucoma, where contrast sensitivity can be 
significantly decreased [10,11].

There is still controversy about the effec-
tiveness of contrast sensitivity as a screen-
ing tool for diabetic retinopathy [12–17]. 
The present study investigated the use of 
Cambridge low-contrast grating as a po-

tential screening tool for early detection of 
diabetic retinopathy by non-ophthalmolo-
gists, focusing on changes of low-contrast 
sensitivity in different stages of diabetic 
retinopathy.



This was a cross-sectional study of 95 pa-
tients with diabetes, referred to the oph-
thalmology clinic of Imam Reza General 
Hospital, Mashhad, Islamic Republic of Iran 
between May 2003 and August 2003. The 
study protocol was reviewed and approved 
by the ethics committee of the Research As-
sembly of Mashhad University of Medical 
Sciences.

The exclusion criteria were: significant 
ocular diseases beside diabetic retinopathy, 
including cataract, glaucoma, and optic 
nerve diseases, amblyopia, macular dis-
eases, history of previous ocular surgery 
or photocoagulation and systemic diseases 
other than diabetes. After initial evalua-
tions, 15 patients were excluded. Thus a 
total number of 154 eyes of 80 patients were 
evaluated.

For each patient, a questionnaire was 
completed about the type and duration of 
diabetes, mode of control and last blood 
glucose level, checked in the past month.

Objective refraction was done with a 
Topcon RM-A6500 autorefractometer and 
refined with manual retinoscopy (Hein 
HSR2) and axis refinement (Jackson cross-
cylinder). Afterwards, the best corrected 
visual acuity was determined on a subjec-
tive basis. The visual acuity was checked 
with an illiterate E-chart. With the best 
correction of the refractive error, the con-
trast sensitivity was evaluated with a Cam-
bridge low-contrast grating system. The test 
was done under a standard luminance of 
100 cd/m2, as described previously [18]. 
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The chart luminance was regularly checked 
using a spot photometer. The visual acuity 
and contrast sensitivity were checked inde-
pendently by an examiner who was blind to 
the results of other tests. Finally, slit-lamp 
evaluation of the anterior segment was used 
to exclude significant anterior segment 
pathology and narrowness of angle. Indirect 
ophthalmoscopy (fully-dilated) and non-
contact slit lamp funduscopy were done by 
the same ophthalmologist. 

As described by the Early Treatment 
Diabetic Retinopathy Study [19] the pa-
tients were classified as having no diabetic 
retinopathy, mild, moderate, severe, or very 
severe non-proliferative diabetic retinopa-
thy (NPDR), early proliferative diabetic 
retinopathy (PDR), high-risk characteristic 
PDR (HRC-PDR), and/or clinically signifi-
cant macular enema (CSME); the latter 2 
were among the exclusion criteria.

Considering P < 0.05 significant, Pear-
son chi-squared, Student t-test and analysis 
of variance were used in analysing the rela-
tionships. A regression analysis was done 
to describe the correlation between visual 

acuity and Cambridge low-contrast grating 
measurements. SPSS, version 11.5 was used 
for all statistical calculations.



The patients’ characteristics are presented in 
Table 1. There was a statistically significant 
difference in the age of patients (P = 0.031) 
and duration of diabetes (P < 0.0001) for 
patients with and without diabetic retinopa-
thy. Sex was not a significant determinant 
for diabetic retinopathy (P < 0.50).

Abnormal contrast sensitivity was ob-
served in 27.1% of eyes with diabetic retin-
opathy, compared with 9.0% in unaffected 
eyes. The mean contrast sensitivity in the 
diabetic retinopathy group was 217.60 cps 
compared with a mean of 309.30 cps in the 
group without diabetic retinopathy (Tables 
2 and 3). There was a statistically signifi-
cant correlation between the presence of 
diabetic retinopathy and poor contrast sen-
sitivity (P < 0.01). The contrast sensitivity 
deteriorated with more advanced diabetic 
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retinopathy (Table 4), but this was not sta-
tistically significant (P = 0.349, analysis of 
variance). However, there was a significant 
correlation between the duration of diabetes 
and the level of contrast sensitivity (Pearson 
r = –0.216, P = 0.007) (Figure 1).

There was a statistically significant cor-
relation between the decrease in visual 
acuity and contrast sensitivity in eyes with 
diabetic retinopathy (P = 0.049) (Figure 2).



After 20 years, almost 99% of patients 
with type 1 diabetes and 60% with type 2 
diabetes will have some degree of diabetic 
retinopathy [19].  Beside the duration of 
disease, the age at onset is another impor-

tant determinant of diabetic retinopathy: 
diabetic retinopathy is much more common 
in juvenile onset diabetes and this has major 
socioeconomic consequences. In one study, 
86% of blindness in patients with a lower 
age of diabetes onset (age < 30 years) was 
attributable to diabetic retinopathy [20]. 
Prevention and interruption of this process 
depends on early detection and effective 
screening methods.

The success of any screening test obvi-
ously depends upon its ability to differenti-
ate patients with the problem in question 
from other patients [21]. Regarding diabetic 
retinopathy, the ability of tests to differenti-
ate those known to have diabetes mellitus 
but no retinopathy and those diabetes pa-
tients who have already developed diabetic 
retinopathy is of particular interest [16].

There is a marked controversy about 
the loss of contrast sensitivity in diabetes 
patients without retinopathy and the spatial 
frequencies at which losses occur in the 
presence of retinopathy. Early studies, such 
as that by Arden and Jacobson, used photo-
graphic plates to measure contrast sensitiv-
ity in diabetes patients with background 
diabetic retinopathy and another group with 
no retinopathy [22]. They found abnormal 
contrast sensitivity between normal and 
diabetes patients with background retinopa-
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thy, but there was no difference in contrast 
sensitivity between normal and diabetes 
patients without background retinopathy. 
Ghafour et al., using a similar method, also 
found that diabetes patients with back-
ground retinopathy had abnormal contrast 
sensitivity [23]. Unlike Arden and Jacob-
son, however, they reported that diabetes 

patients without retinopathy had abnormal 
contrast sensitivity at mid-frequencies. 

Hyvarinen et al. measured individual 
contrast sensitivity functions in 19 patients 
with diabetes with different degrees of dia-
betic retinopathy [24]. They reported that 
patients with 20/20 acuity and background 
retinopathy showed abnormalities in con-
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trast sensitivity. They also suggested that 
contrast sensitivity fluctuates with blood 
sugar levels in diabetes, becoming reduced 
in the presence of hypoglycaemia. 

Sokol et al. measured contrast sensitiv-
ity in type 1 and 2 diabetes patients with 
minimal or no diabetic retinopathy [25]. 
They found that type 2 diabetes patients 
with no retinopathy had abnormal contrast 
sensitivity at high spatial frequencies, while 
those with background diabetic retinopathy 
demonstrated abnormal contrast sensitiv-
ity at all tested spatial frequencies. Several 
authors found a significant loss of contrast 
sensitivity in early diabetic retinopathy 
groups at mid-to-high spatial frequencies 
using the Vistech VCTS chart [14,26,27].
Low-to-medium spatial frequency changes 
have also been reported to occur and it has 
been suggested that visual acuity measures 
alone may therefore be unreliable as a clini-
cal indicator of loss of visual function [28].

To the best of our knowledge, this is the 
first study using Cambridge low-contrast 
grating in diabetic patients. We found a sta-

tistically significant difference in low spa-
tial frequency contrast sensitivity between 
diabetics with and without retinopathy. 
This means that Cambridge low-frequency 
grating may be a potential screening tool 
for early retinopathic changes in diabetic 
patients.

There are a number of hypotheses about 
the potential causes of diminished contrast 
sensitivity in diabetic patients. Regan and 
Neima have reported a correlation between 
ischaemia of the parafoveal arcade using 
intravenous fluorescein angiograms and 
abnormal letter chart results [12]. This sug-
gests that the pathophysiology responsible 
for contrast sensitivity loss in diabetes is 
due to functional loss of retinal ganglion 
cell dendrites, secondary to retinal ischae-
mia. Another factor, which may explain the 
etiology of reduced contrast sensitivity in 
diabetic eyes, is the diameter and extent of 
the foveal avascular zone [1]. Arend et al. 
found that the diameters of the foveal avas-
cular zone and the perifoveal intercapillary 
area are significantly correlated with con-
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trast sensitivity at mid-spatial frequencies 
[29]. Bresnick et al. revealed that the area 
of the foveal avascular zone in diabetics 
with non-proliferative diabetic retinopathy 
is significantly larger than healthy non-
diabetic controls [30]. When the dimension 
of the foveal avascular zone progresses to 
greater than 1000 µm, visual acuity is usu-
ally diminished. This degree of destruction 
of the parafoveal capillary net is usually 
confined to cases of proliferative retin-
opathy. However, functional correlation 
of contrast sensitivity and foveal avascular 
zone extent is difficult because the diameter 
of the foveal avascular zone of a normal eye 
can vary considerably (350–750 µm) [31],
and one cannot predict with accuracy the 
potential contrast sensitivity based solely 
on the appearance of the foveal avascular 
zone.

The rate of retinal blood flow may also 
affect the degree of contrast sensitivity loss. 
Several investigators have demonstrated 
enhanced retinal blood flow rates in diabe-
tes patients with background retinopathy 
[32–37].

It is suggested that the diminished con-
trast sensitivity in diabetic patients is par-
tially reversible by breathing oxygen, and 
is therefore probably the result of retinal 
hypoxia [38]. However, an improvement 
of contrast sensitivity does not occur after 
pan-retinal photocoagulation treatment, 
which implies that the reduction of contrast 
sensitivity is irreversible [17].



We found a significant diminution in 
contrast sensitivity in patients with early 
diabetic retinopathy compared with those 
without diabetic retinopathy. There was 
also a progressive deterioration of con-
trast sensitivity in more advanced stages of 
diabetic retinopathy. The findings are con-
trary to a number of previous studies, which 
found no statistically significant difference 
between diabetics without retinopathy and 
those with background retinopathy. This 
may be due to the use of a more sensitive 
tool in evaluation of contrast sensitivity in 
current study. It has been shown that the 
decrease in contrast sensitivity is more re-
markable in low spatial frequencies. Hence, 
the Cambridge low frequency grating is a 
potential tool for the screening of early stag-
es in diabetic retinopathy. However, larger, 
prospective studies will be needed to further 
investigate the sensitivity and specificity of 
the test as a screening tool.
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