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Abstract
Background Contrast sensitivity (CS) has been studied
extensively to determine its effectiveness as a test for
diagnosing early and advanced diabetic retinopathy. Various
techniques have been adopted to measure CS, and most of
them reported a significant difference between diabetic and
normal eyes. Our purpose is to demonstrate differences in
foveal CS between diabetic patients without retinopathy and
healthy subjects under mesopic and photopic conditions,
using a simple, rapid computerized test.
Methods Seventeen eyes of nine patients with type 2
diabetes without diabetic retinopathy were included. Four-
teen eyes of seven non-diabetic patients served as controls.
All the patients underwent a careful ophthalmologic
examination, including ETDRS chart visual acuity, color
photographs, and optical coherence tomography (OCT).
Patients with any ocular disease were excluded. All eyes
had a visual acuity of 20/25 or better, a normal eye
examination and optical coherence tomography (OCT).

Photopic and mesopic contrast sensitivity was tested using
a computerized psychophysical static method involving
four forced-choice procedures. The targets were Gabor
patches with spatial frequencies of 3–12 cycles per degree
(cpd). The mesopic testing was conducted in a completely
darkened room; the monitor was covered with a neutral
density filter, allowing luminance of only 0.9 cd/m2.
Results The average age was similar: 59.1±5.3 years in the
diabetic group vs 61.4±3.2 years in the control group. The
average duration of diabetes was 16 years (range 6–26).
The average visual acuity was 0.04±0.01 logMAR and
0.01±0.01 logMAR in the diabetic and control groups
respectively. Photopic foveal CS was similar in both
groups. Significantly lower CS was found in diabetic
patients under mesopic conditions at a spatial frequency
of 3 (p<0.008). At higher spatial frequencies, the mesopic
contrast sensitivity was very low in both groups and
without a significant difference.
Conclusions Mesopic foveal CS is impaired in diabetic
patients despite good visual acuity, a normal fundus
examination and normal OCT. Early central visual function
impairment may occur in diabetic patients before the
appearance of retinopathy.
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Introduction

Since the first reports in 1982 and 1983 of reduced contrast
sensitivity (CS) function in patients with diabetic retinop-
athy [1, 2], CS has been studied extensively to determine its
effectiveness as a test for diagnosing early and advanced
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diabetic retinopathy. Various techniques have been adopted
to measure CS, and most of them reported a significant
difference between diabetic and normal eyes. CS was tested
in insulin-dependent diabetic patients (IDDM) and in non-
insulin-dependent diabetic patients (NIDDM), both young
and old [3–15].

Using the Cambridge low-contrast grating or the CSV-
1000 instrument, abnormal contrast sensitivity was found in
patients with diabetic retinopathy in comparison with
patients without retinopathy [3–5]. In another report,
reduced CS was found in patients with retinopathy in
comparison with those without it [6], but only CS at 6
cycles per degree (CPD) was associated with the grade of
the retinopathy. Different factors were tested in correlation
with the CS function. The same CSV-1000 testing
instrument showed a positive relationship between meta-
bolic control and CS in young IDDM patients with and
without retinopathy [7]. In type 2 diabetic patients, contrast
sensitivity deficits, determined by stationary grating, were
positively correlated with the patient's age, blood pressure,
and nephropathy [8], and in young IDDM (type 1), the
patient’s microalbuminuria was also found to be associated
with reduced CS [9].

The influence of laser treatment on CS function was also
tested. A prospective non-comparative study showed that
direct focal photocoagulation of all leaking microaneurisms
in patients with clinically significant macular edema
improved the CS function in patients without visual acuity
changes [10]. The same group of researchers reported
changes in CS following panretinal photocoagulation (PRP)
[11]. Contrast sensitivity was significantly affected imme-
diately after PRP, but it stabilized to pre-laser levels after
3 months.

Little is known about CS in diabetic patients without
retinopathy. When CS was evaluated in Type 1 diabetic
patients (IDDM) without diabetic retinopathy, a signifi-
cantly lower CS function was found in the diabetic
patients. A study that examined type 2 diabetic patients
using gratings contrast sensitivity also found decreased
CS function and colour vision in diabetic patients with
no retinopathy [12]. No correlation was found between
CS function and pathologic levels of HgBA1C [13].
Krasny et al. suggested a correlation between an abnormal
CS test by means of the CSV-1000 device and early
retinal changes in patients with normal visual acuity and
normal ophthalmologic macular findings [14]. Two
studies examined patients under mesopic and low-
photopic conditions [8, 15]. The investigators showed that
mesopic and low-photopic vision are damaged earlier in
the course of diabetes retinopathy in comparison with
photopic vision.

Our study focused on foveal photopic and mesopic CS in
type 2 (NIDDM) diabetic patients without any signs of

retinopathy, compared with normal non-diabetic subjects,
using a static computerized method. Mesopic vision is the
intermediate range between photopic and scotopic vision, in
which both cones and rods function. New testing conditions
are important, because they may provide insight into the
pathophysiology of visual damage. In addition, it is
important to study whether CS is significantly impaired in
diabetic patients without retinopathy, because CS may
potentially become an important test for early diagnosis of
diabetic retinopathy.

Materials and methods

Subjects

Seventeen eyes of type 2 diabetic patients and 14 eyes of
non-diabetic patients (controls) were included in the study.
All eyes underwent a careful ophthalmologic examination,
including ETDRS chart visual acuity, measurement of
distance optic correction, slit-lamp biomicroscopy of the
anterior segment, intraocular pressure and dilated fundu-
scopy, color photographs, and optical coherence (OCT-
Stratus, Carl Zeiss Meditec). Two measurements were
obtained for each OCT: the foveal avascular zone height
(FAZ) and the adjacent retinal maximal height. Additional
data were collected for diabetic patients: the duration of
diabetes, treatment (diet/per os/ insulin), last HgBA1C
level, hypertension, hyperlipidemia/hypercholesterolemia,
smoking (packs/years), and target organs involvement.
Criteria included for both groups were age 55 to 75, a
normal eye examination, visual acuity 20/25 or better, no
visible cataracts, and an OCT within normal limits. Any eye
disease that might influence contrast sensitivity was
excluded: glaucoma, myopia (over 4) or high astigmatism
(over 3), and corneal opacities. Diabetic patients were
included if they had had diabetes for over 5 years and had
no signs of diabetic retinopathy. All controls had a normal
fasting glucose level tested in the year prior to the study.
Before participation, all subjects provided written informed
consent in accordance with the protocol approved by the
Helsinki Committee.

Procedure

Subjects were tested with natural pupils. Distance correc-
tion was given to each subject, if necessary. If both eyes
met the criteria used for qualifying for the study, both eyes
were tested. Both patients and control groups were tested
monocularly, with the untested eye covered with a
translucent lens. The test was carefully explained to the
subjects, and a practice trial run preceded each testing. The
initial eye tested was randomly chosen.
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Visual stimuli and experimental testing

Stimuli were displayed as a gray-level modulation on a
Philips 107P color monitor. Screen resolution was 1024×
768 pixels covering a 9.2°×12.2° area. The mean display
luminance in photopic testing was 20 cd/m [2] in an
otherwise completely darkened room. For mesopic testing,
the monitor was covered with neutral density filters that
allowed luminance of only 0.9 cd/m². Gamma correction
was applied. The stimuli were viewed from a distance of
150 cm. The definition of the lighting conditions for
mesopic vision varies from one text to another, the lower
boundaries of luminance being in the range of 0.001–
0.034 cd/m2. Luminance above this range but under
3.4 cd/m² is considered mesopic [16–18].

The stimuli consisted of one Gabor target (SF from 3 to
12 CPD) presented in one of four white-bordered circles, on
the monitor (Fig. 1). The size of the Gabor target was small,
0.25 degree for the higher spatial frequency to 1 degree for
the lower spatial frequency. In this way, the small size
ensured that the target would be detected by the fovea. A
four-spatial forced-choice task was used here. The Gabor
target was presented at one of four possible locations
(denoted by a visible white circle) on the monitor: up,
down, left, or right. The target remained on the monitor
until the subject reported to the examiner in which location
the target appeared. Auditory feedback was given after a
wrong response. After each trial, the target appeared
randomly in one of the four locations. A 2:1 staircase
method was used to determine the contrast threshold level
at 70.7% correctness [19]. Photopic testing was initially
performed, followed by a short break, a 1-minute dark
adaptation, after which mesopic testing began. Each
complete testing session lasted about 12 minutes. The test

was repeated for each spatial frequency (6, 9, and 12 CPD
for photopic; 3, 6, and 9 CPD for mesopic) in a randomized
order to avoid bias of results, or confounding effects of
fatigue and adaptation time.

Statistical analysis

Results are presented as average ± standard error (SE).
Statistical analysis was performed using the Student’s t-test
for significance level testing, and the Pearson Correlation
for correlation testing.

Results

There was no statistically significant difference in baseline
characteristics between the two groups. The average age
was similar in both groups: 59.1±1.3 years in the diabetic
group (range 55–73) vs 61.4±0.9 years in the control group
(range 58–66) (Table 1). The average duration of diabetes
was 16.4±1.4 years (range 6–26). Only three patients (six
eyes) of the nine diabetic patients in the study began
receiving insulin in the year prior to the study. Eight
patients (15 eyes) from the diabetic group were hyperten-
sive but had good medical control. The average visual
acuity was similar 0.04±0.01 logMAR and 0.01±0.01
logMAR for the diabetic and control groups respectively.
The OCT measurements were similar in both groups:
retina 273±4.5 μ vs 283.3±3.75 μ, and FAZ 164±4.3 μ
vs 158.8±5.28 μ in the diabetic and control groups
respectively. One patient in the diabetic group underwent
bilateral cataract surgery several years prior to the study.

Foveal CS was similar under photopic conditions in both
groups (Fig. 2). There was a small difference at 6 cycles per
degree (CPD), but it was not statistically significant.
Significantly lower CS was found in diabetic patients under
mesopic conditions at the spatial frequency of 3 CPD (p=
0.008) (Fig. 3). At higher spatial frequencies, the mesopic

Fig. 1 The Gabor target

Table 1 Baseline characteristics of the two study groups ±SE

Diabetes Control

Eyes (patients) 17 (9) 14 (7)

Age (years) 59.1±1.3 61.4±0.9

Diabetes duration (years) 16.4±1.4 -

HgB A1c (%) 6.96±0.1 -

VA (LOGMAR) 0.04±0.01 0.01±0.01

OCT—retina (μ) 273±4.5 283.3±3.75

OCT—FAZ (μ) 164±4.3 158.8±5.28

HgB = haemoglobin, VA = visual acuity, μ-microns, OCT = optical
coherence tomography, FAZ = foveal avascular zone

Graefes Arch Clin Exp Ophthalmol (2010) 248:1699–1703 1701



contrast sensitivities were very low in both groups and
without significant differences.

The level of HgbA1C ranged between 5.8 and 7.9. No
correlation was found between CS and HgBA1C level,
diabetes duration, OCT (FAZ or retina) parameters, or age.

Discussion

In this study, a significant impairment in mesopic foveal CS
was found in diabetic patients without retinopathy as
compared with non-diabetic controls. Interestingly, a
significant difference was found when a spatial frequency
of 3 CPD was used. At higher spatial frequencies, we found
low-contrast sensitivity in both groups, which is probably
related to the age of the subjects [20]. We also found a
small difference between the two study groups under
photopic conditions at 6 CPD, but it was not statistically
significant. No difference was found at other spatial
frequencies under photopic conditions (9 and 12 CPD).

CS was not correlated to any baseline characteristic. Our
diabetic population was recruited at a diabetic service
center and was small and relatively uniform. Most patients
were around 60 years old and had tight control of their
disease and their hypertension. The results may suggest that
the differences in CS between the two groups are due to
previous changes in the retina, when the blood glucose was
unbalanced, and not due to the current glucose level.

Our results are consistent with previous studies that
found that contrast sensitivity is impaired early in diabetic
patients [7, 8, 12–15]. Two studies [8, 15] reinforce our
finding that mesopic CS function is damaged first in
diabetic patients. Dosso et al. used a gradual contrast
sensitivity test (OPSIA, Ramonville, France), and found
impaired CS even in non-diabetic patients with insulin
resistance [15]. An alteration of the CS function was also
found in patients with impaired glucose tolerance [21]. The
explanation for this impairment may lie in neuronal damage
at the level of the photoreceptors or in the visual pathways
not related to clinically detectable diabetic microangiopathy
in the retina [22]. The mesopic CS is probably more
susceptible to early damage. Nevertheless, our test is
advantageous because it is computerized and randomized.
The screen can be easily calibrated, which makes it highly
reproducible. The limited target sizes that are detected by
the fovea only, and the short adaptation time allowed us to
focus on the cones’ function. In addition, since diabetic
patients report difficulties in night vision, an added factor
unique to this foveal CS testing is the use of mesopic CS, a
test rarely used in assessing CS.

The added information of mesopic CS contributes an
additional dimension in understanding the loss of CS in
diabetes. In addition, it is important to study whether CS is
significantly impaired in diabetic patients without retinop-
athy, because CS may potentially become an important test
for early diagnosis of diabetic retinopathy. A future
longitudinal study could evaluate whether those with
impaired mesopic CS will develop diabetic retinopathy.

Conclusion

The CS test provides a comprehensive assessment of spatial
vision. The CS testing methods used here were able to
detect damage in central vision, despite good visual acuity,
a normal fundus examination, and normal OCT. It is
suggested that early central visual function impairment
may occur in diabetic patients before the appearance of
retinopathy. Regardless of the prognostic or diagnostic
value of these tests, the results lend strong support to the
conclusion that disruption of central visual function may
occur early in diabetic patients before any other signs of
retinopathy can be detected. CS testing might serve as a

Fig. 3 Average mesopic (±SE) contrast sensitivity in the study groups
at three different spatial frequencies. *Significantly lower CS was
found in diabetic patients at spatial frequency of 3 CPD (p=0.008)

Fig. 2 Average photopic (±SE) contrast sensitivity in the study
groups at three different spatial frequencies. Photopic contrast
sensitivity was similar in both groups
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screening tool for early changes before overt diabetic
retinopathy occurs. Further research on larger cohorts is
necessary to definitively establish the role of computerized
CS testing in the screening and monitoring of diabetes.
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