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Abstract

Purpose: To investigate the differentiating ability of psycho physical test which include contrast sensitivity function
(CSF), dark adaptation (DA) and best corrected visual acuity (BCVA) in detecting functional losses in diabetic
participants with and without retinopathy. Methods: In this cross-sectional study we examined 90 patients in L.N.
Medical College and J.K Hospital, Kolar road, Bhopal between June to November 2017 including 60 diabetic patients
(30 with retinopathy and 30 without retinopathy in fundus photography) with 30 control non-diabetic subjects matched
for age and sex. The diabetic participants were sub grouped according to the level of retinopathy (EDTRS classification).
CSF was examined by means of pelli robson chart in each eye; DA was assessed with photostress test and BCVA by
Snellen chart. Results: When comparing visual performance of the right and left eyes of patients in each group, CSF was
significantly lower in the diabetic eyes with retinopathy than in the normal eyes or the diabetic eyes without retinopathy.
Comparing to control group, there was a statistically significant CSF loss in the diabetic eyes without retinopathy
(P<0.05). The mean log MAR BCVA and DA abnormalities were significantly higher in the diabetic eyes with
retinopathy than in the normal eyes or the diabetic eyes without retinopathy (P<0.001). There was no significant
difference observed in mean log MAR BCVA and DA between those of diabetic eye with out retinopathy compared to
the control group. Conclusion: There was significant difference observed in visual performance of those diabetics with
retinopathy compared to those without. The findings also suggest that the appropriate combination of existing tests can
be a useful method of improving screening accuracy in diabetic patients.
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Introduction

affecting the integrity of the microscopic vessels found
in the retina. DR is broadly divided into two clinical

India leads the world with the largest number of
diabetic subjects and termed the “diabetes capital of the

world [1]. India has 31.7 million diabetic subjects at
present as per WHO estimates [2]. Diabetes has many
manifestations in the eye. Diabetic Retinopathy (DR) is
the most important causes of visual impairment in
diabetes. Diabetic Retinopathy is present in 40% of
people with diabetes and DR is the primary cause of
blindness in working age adults and remains an
unresolved therapeutic challenge[3, 4, 5]. Almost all
patients will have some degree of retinopathy 15-20
years after diagnosis [6, 7, 8]. The incidence of DR has
increased, with the increase in the life expectancy of
diabetics. DR is a progressive disease predominantly

Manuscript received: 4" February 2018
Reviewed: 14" February 2018

Author Corrected: 20" February 2018
Accepted for Publication 24" February 2018

stages: non proliferative and proliferative diabetic
retinopathy (PDR). Non proliferative is marked by
retinal vascular microaneurysms, while Increased
capillary permeability (due to breakdown of the blood-
retina barrier) and capillary closure leading to retinal
ischemia precede the development of macular edema
and new vessel formation (proliferations), the two main
complications that may lead to sight-threatening DR.
Unfortunately, symptoms in eye of DR occur when the
disease is in an advanced stage and has already caused
irreversible anatomical damage. Currently, the
diagnosis of DR requires an eye examination with a
careful fundus examination and fundus photography
that documents the current state of the retina allowing a
better follow up. Sometimes an optical coherence
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tomography (OCT) examination (macular edema) or a
fluorescein angiography (diagnostic classification and
planning of a laser treatment) are required.

Visual deficits in diabetes mellitus can be demonstrated
by psychophysical and electro physiological techniques.
Psychophysical tests include visual acuity, contrast
sensitivity, color vision, and dark adaptation test [9]. A
number of data have shown that diabetes affects visual
function prior to the development of any structural
abnormalities detectable by ophthalmoscopy or even by
fluorescein angiography [10-14]. Study of the changes
in Best Corrected Visual Acuity (BCVA), Contrast
Sensitivity Function (CSF) and color vision, Dark
Adaptation (DA) during various stages of retinopathy
may provide information about the real usefulness of
these cost-effective screening diagnostic tools in
diabetic patients. Various studies have shown that cost
effective screening can reduce blind registration due to
diabetes [15, 16, 17, 18,].

BCVA is the most commonly used non-invasive
indicator of visual function. BCVA testing involves the
use of a chart containing rows of letters of decreasing
sizes with in each row. Scores reflect the ability to
discriminate individual letters of various sizes on the
charts, reflecting the spatial resolution of the retina. It is
widely recognized that VA is compromised by diabetic
retinopathy and it is associated with age, duration of
diabetes, severity of diabetic retinopathy, and presence
of macular edema [19]. Common VA tests include the
Snellen chart and the Early Treatment for Diabetic
Retinopathy Study chart. The measure of BCVA was
not sensitive enough approach to detect the early stages
of DR and to distinguished between groups with
diabetes but no retinopathy, early DR and non-diabetic
controls [11,20].

CSF is defined as a measure of the amount of contrast
between light and dark (monochrome or color) required
recognizing a unique visual target and most of the
visual tasks that people encounter daily require the
detection of objects with low contrast. This test,
therefore, correlates better than visual acuity to the real
visual function [21,22]. Further more, CS has the
advantage of being easy and quick to perform,
inexpensive and relatively reproducible[23]. Some
author also found that contrast sensitivity is more
closely related to the degree of retinopathy compared
with color vision.

DA can be defined as the change in sensitivity of the
retina when moving from bright light to low
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illumination conditions. At low levels of light, the rod
photoreceptors are primarily responsible for vision,
while the cones are less active; this is referred to as
scotopic vision. So the dark adaptation refers to the
adjustments made within the retina to allow for scotopic
vision. Dark adaptation can be measured by first
allowing the retina to adapt to total darkness and then
measuring the time taken for the retina to return to a
specific threshold of sensitivity after photo bleaching
with a bright flash of light.

It has been shown that patientswith the early stages of
DR have a significantly extended time of dark
adaptation compared to nondiabetic subjects, so this
may be a sensitive marker of early DR [24]. So, early
detection and appropriate treatment can significantly
reduce vision loss in diabetic patients landing into its
complications. In this study, we would like to explore
the effect of diabetics on macular functions using
psychophysical tests; which include visual acuity,
contrast sensitivity, dark adaptation.

Material and Methods

The study was carried out at L N. Medical college and
J.K Hospital, Kolar road, Bhopal between Junes to
November 2017. This is a cross sectional observational
study and the informed consent was being taken from
the patients along with the proper approval from the
ethical committee. All the diabetic patient attending
ophthalmology OPD were included in the study. We
tested three groups of individuals : two groups of
diabetic patients with and without retinopathy and one
group of healthy age and sex-matched control subjects
(each one consisted of 30 subjects).

All enrolled subjects received complete ophthal-
mological examination including BCVA, slit-lamp
biomicroscopy, intraocular pressure measurement,
direct and indirect ophthalmoscopy and fundus
photography.

All Control subjects were included in the study, if they
showed normal ophthalmological examination.

Exclusion criteria for all enrolled subjects in the study
were significant ocular disease beside DR including
cataract, glaucoma, optic nerve disease, macular
diseases and anterior segment diseasesand history of
photocoagulation. In addition, all patients who had
history of amblyopia that influence CS were also
excluded. Patients with a family history andthose who
are taking medications that affect CSF were also
excluded. Classification of retinopathy was made using
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fundus photography following mydriasis. Medical
history including duration of diabetes, mode of control,
fasting blood glucose level, hypertension, renal disease
and history of ocular photocoagulation were recorded.
Best corrected visual acuity; CSF test and DA test were
performed on the three groups without any significant
prior training.

BCVA- Visual acuity was measured using a Snellen
chart monocularly with the appropriate optical
correction at the viewing distance of 6 m[25].

Contrast sensitivity-Contrast sensitivity function (CSF)
was assessed with pellirobsonchart[26]. This chart is a
clinically reliable, quick and low-cost test to detect
early retinopathic changes in diabetic patients and it
provides a reliable measurement of low spatial
frequency contrast sensitivity (0.5- 2 cycles). This test
measures contrast sensitivity using large letters as
targets (equivalent to 20/60 acuity). There are group of
3 letters and for each group of 3 letters, contrast is
decreased from left to right and from the top to the
bottom of the chart. The lowest contrast at which 2 or 3
of the letters in a group can be read determines a log
contrast sensitivity score.

A score of 2.0 indicates normal contrast sensitivity (100
percent), while a score below 1.5 suggests sensitivity
impairment. After initial demonstration to each subject,
each eye was tested separately. The participants were
instructed to sit Im from the chart with his or her
correction if needed. Usuallywe occlude one eye. The
participants were instructed to read the alphabets
starting from left hand corner. When he fails to respond
several seconds are given to him to retry and guess the
alphabets. The scores of the test are recorded by the
faintest triplets out of which at least 3 letters are

Results
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correctly identified. The log CSF value of this triplet is
given by the number of scoring pad nearest to the
triplet, either on the left or right side.

DA- DA was assessed with photo stress test [27]. This
is a simple clinical technique that can differentiate
between retinal (macular) and postretinal (e.g.optic
nerve) disease. This test involves exposing the eye to
the light from the ophthal-moscope for 10 s and
measuring the time taken for acuity to return to within
one line of pre-bleach acuity. Participants with normal
healthy macular function should be able to read line in
the 50-60 s. Patients with a macular problem may have
recovery times lasting 1.5 to 3 min or longer. After
initial demonstration to each subject, each eye was
tested separately. The participants were instructed to
cover or occlude one eye. visualacuity of theuncovered
eye is measured by by Snellen’s optotypes. Afterthat,
eye which is investigatedis subjected to a bright light
from ophthalmoscope directed onto macula for 10 s.
Then, the subject is asked to read the line of letters just
above his/her best line of acuity. The timing starts when
the ophthalmoscope or penlight is removed. Photostress
recovery time is measured. Then the same procedure
isrepeated for the fellow eye.

For the purpose of analysis, the cases were categorized
into three groups; Group-1 included cases of Diabetics
with diabetic retinopathy, Group-2 included cases of
Diabetics without diabetic retinopathy and Group-3
included control subjects.

Statistical methods- The efficacy variables included
CS, BCVA and DA. For comparison of three groups
together ANOVA test (Analysis of Variance) is used.To
find out which of the two groups of the three differ we
use post hoc test ( LSD).

Ninety cases were included in the study. 30 cases were included in each group. As per table 1 the mean age in Group 1,
Group 2, and Group 3 was 64.53, 55.6, and 50.53 years, respectively. Sex ratio (Male: Female) in Group 1, Group 2, and

Group 3 was 1.3:1, 1.5:1and1:1respectively [Table 1].

Table-1: Comparison of patients’ baseline characteristics between Groups 1, 2, and 3*

Mean Group 1 Group 2 Group 3
Age 64.53 55.6 50.53
Sex ratio ( M: F) 1.3:1 1.5:1 1:1

*QGroup-1 included cases of Diabetics with diabetic retinopathy, Group-2 included cases of Diabetics without diabetic

retinopathy, and Group-3 included control subjects.

CSF- Mean log CSFof right eye of subjects in Group 1 was 1.11 % 0.55, Group 2 was 1.43 + 0.45 and in Group 3 was
1.80 £ 0.27. Mean CSF of left eye of subjects in Group 1 was 1.16 £ 0.59, Group 2 was 1.46 + 0.43 and in Group 3 was
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1.81 £ 0.27. In right eye subjects of Group 1 had a significantly lower mean log CSF than those in Group 2 (P = .005)
and Group 3 (P = 0.000) and subjects in Group 2 had a significantly lower meanlog CSF than those in Group 3 (P =
0.001). In left eye subjects of Group lhad a significantly lower mean log CSF than those in Group 2 ( P = .012) and
Group 3 ( P = 0.000) and subjects in Group 2 had a significantly lower meanlog CSF than those in Group 3 (P = 0.004)
[Table 2]. In right eye subjects of Group 1with DM > 5 years duration had a significantly lower mean log CSF than those
subjects with DM <5 years duration ( P = 0.03). In left eye subjects of Group 1with DM > 5 years duration had a
significantly lower mean log CS than those subjects with DM <5 years duration (P = 0.001)[Table 5]. Based on the

duration of DM there was no significant difference in mean log CS in Group 2 in right eye and in left eye respectively (P
=0.814) (P = 0.902) [table 6].

Table-2: Comparison of patients ‘contrast sensitivity function between Groups 1, 2, and 3*

Eye Mean log contrast sensitivity P
Group 1 Group 2 Group 3 Between Between Between
groupland2 | groupland3 | group2and3
Rt 1.11 1.43 1.80 .005%** .000** .001%*
Lt 1.16 1.46 1.81 .012%* .000** .004**

* Group-1 included cases of Diabetics with diabetic retinopathy, Group-2 included cases of Diabetics without diabetic
retinopathy, and Group-3 included control subjects.
**The mean difference is significant at 0.05 levels.

Table-3: Comparison of patients’ Decimal equivalent BCVA between Groups 1, 2, and 3*

Eye Mean Decimal equivalent BCVA P
Group 1 Group 2 Group 3 Between Between group Between
group 1 and 2 land3 group 2 and 3
Rt 0.66 0.85 0.91 0.006** .000%** 428
Lt 0.65 0.82 0.94 027+ .000** 116

* Group-1 included cases of Diabetics with diabetic retinopathy, Group-2 included cases of Diabetics without diabetic
retinopathy, and Group-3 included control subjects.
**The mean difference is significant at 0.05 levels.

Table-4: Comparison of patients DA time between Groups 1, 2, and 3*

Eye MeanDA P
Group 1 Group 2 Group 3 Between Between Between
group 1 and | group 1 and | group 2 and
2 3 3
Rt 19.63 18.70 6.00 .835 .003** .006%*
Lt 20.47 18.12 7.07 583 .002%* .009%*

* Group-1 included cases of Diabetics with diabetic retinopathy, Group-2 included cases of Diabetics without diabetic
retinopathy, and Group-3 included control subjects
**The mean difference is significant at 0.05 levels.

BCVA- Mean decimal equivalent BCVA of Right Eye of subjects in Group 1 was 0.66 = 0.31, Group 2 was 0.85 + 0.25
and in Group 3 was 0.91 * 0.23.Mean decimal equivalent BCVA of Left Eye of subjects in Group 1 was 0.65 + 0.31,
Group 2 was 0.82 + 0.27 and in Group 3 was 0.94 + 031.In right Eye subjects of Group lhad a significantly high mean
decimal equivalent BCVA than those in Group 2 (P = .006) and Group 3 (P = 0.000) and there was no significant
difference in mean decimal equivalent VA in Group 2 and Group 3 (P = 0.428). In left eye subjects of Group lhad a
significantly high mean decimal equivalent BCVA than those in Group 2 (P = .027) and Group 3 (P = 0.000) and There
was no significant difference in mean decimal equivalent VA in Group 2 and Group 3 (P = 0.116) [ Table 3]. Based on
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the duration of DM there was no significant difference in mean decimal equivalent BCVA in Group 1 in right eye and in
left eye respectively (P = 0.206) ( P = 0.464) [Table 5]. Based on the duration of DM there was no significant difference
in mean decimal equivalent BCVA in Group 2 in right eye and in left eye respectively (P =0.318 ) (P = 0.216) [Table 6].

Table-5: Comparison of different variable based on duration of diabetes in Group 1

Variable Duration Diabetes N p value
VARt <5 years 15 0.206
> 5 years 15
VALt <5 years 15 0.464
> 5 years 15
DA Rt <5 years 15 0.609
> 5 years 15
DA Lt <5 years 15 0.798
> 5 years 15
CS Rt <5 years 15 0.033*
> 5 years 15
CS Lt <5 years 15 0.001*
> 5 years 15

*The mean difference is significant at 0.05 levels.

Table-6: Comparison different variable based on duration of diabetes in Group 2

Variable Duration Diabetes N p value

VARt <5 years 15 0.318
>5 years 15

VA Lt <5 years 15 0.216
>5 years 15

DA Rt <5 years 15 0.427
>5 years 15

DA Lt <5 years 15 0.910
>5 years 15

CS Rt <5 years 15 0.814
>5 years 15

CS Lt <5 years 15 0.902
>5 years 15

*The mean difference is significant at 0.05 levels.

DA-Mean DA time of right eye of subjects in Group 1 was 19.63 £ 24.76, Group 2 was 18.70 + 16.44 and in Group 3
was 0.6 £ 4.03. Mean DA time of Left Eye of subjects in Group 1 was 20.47 £ 18.10, Group 2 was 18.12 £ 20.55 and in
Group 3 was 7.07£ 5.77. In right eye subjects ofGroup lhad a significantly high mean DA time than those in Group 3 ( P
= .003) butthere was no significant difference in mean DA time in Group 1 and Group 2 (P = 0.835) and subjects in
Group 2 had a significantly high mean DA time than those in Group 3 (P = 0.006). In left Eye subjects of Group lhad a
significantly high mean DA time than those in Group 3 (P = .002) but There was no significant difference in mean DA
time in Group 1 and Group 2 (P = 0.583) and subjects in Group 2 had a significantly high mean DA time than those in
Group 3 (P =0.009) [ Table 4].

Based on the duration of DM there was no significant difference in mean DA in Group 1 in right eye and in left eye
respectively (P = 0.609) (P = 0.798) [Table 5]. Based on the duration of DM there was no significant difference in mean
Decimal equivalentVA in Group 2 in right eye and in left eye respectively (P =0.427 ) (P = 0.910)[Table 6].

International Journal of Medical Research and Review Available online at: www.ijmrr.in 97 | Page



February, 2018/ Vol 6/Issue 02

Print ISSN: 2321-127X, Online ISSN: 2320-8686

Discussion

CSF-1It is a measure of the amount of contrast between
light and dark (monochrome or color) required to detect
or recognize a unique visual target [28]. Here is a
marked debateabout the loss of CS in diabetic patients
with and without retinopathy[29].In our study, in
Diabetic patients with and without retinopathy, low
mean log CSF was found in both eyes. Group 1 had a
significantly lower mean log CSF than those in Group 2
and Group 3 and subjects in Group 2 had a significantly
lower mean log CSF than those in Group 3. The present
results confirm the findings of most other studies that a
CSF loss is present in diabetic patients with and without
retinopathy. Noticewala V et al reported that there is
significant reduction in contrast sensitivity function in
subjects with diabetes as compared to healthy
individuals[30].

Heravian et al reported that those with retinopathy to
the control group, mean CS differed significantly at all
spatial frequencies. However when comparing the
group of diabetics without retinopathy with controls, it
was found significant difference at 12 and 18 cpd in the
left eye but for the right eye the differences were not
significant [31]. Ghafour et al. found a significant
difference between normals and diabetic patients
without retinopathy as well as those with retinopathy
[32]. Using a high contrast Bailey-Lovie chart and a
Pelli-Robson chart in 20 type 2 diabetic patients and 24
control subjects, Stavrou and Wood found a significant
loss of CS in patients with retinopathy compared with
the control group [11]. Support for these finding is also
reported by Beszédesova et al who used Sine Wave
Contrast Test (SWCT) and Pelli-Robson test in diabetic
patients with mild nonproliferative diabetic retinopathy
(NPDR). They reported thatthere was a statistically
significant difference of CS comparison to the control
group, in spatial frequencies of 1.5, 6, 12, 18 cpd. They
also found a significant difference of CS in spatial
frequencies of 6, 12 and 18 cpd in diabetics with mild
NPDR in comparing to diabetic without retinopathy
[33]. Abrishami et al reported that the loss of CSF in
diabetes has been variously attributed to retinal changes,
but also to lens changes[34]. Risk factors for this loss of
of CSF include advanced age, high systolic blood
pressure, and nephropathy [35]. In our study we tried to
exclude all factors that could apparently affect CS
function. Yet we observed a significant CS loss in
diabetic patients compared with normal subjects.
Mackie and Walsh also reported a significant increase
in the CS threshold, which was most marked in a
diabetic group who had PDR, but was also elevated
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significantly in the diabetic group with background
retinopathy when compared with patients with no
retinopathy [36]. North et al also demonstrated
abnormal CS at all spatial frequencies in a group of
patients with background retinopathy [37]. Lobo et al
and Lovestam-Adrian et al both demonstrated changes
in CS that was related to the degree of retinopathy [38,
39]. These findings confirm our results that a CS loss is
presented in diabetic group with and without
retinopathy. Therefore, this test, correlates better than
visual acuity to the real visual function [22]. The Pelli-
Robson chart represents a simple, reliable method of
measuring spatial contrast sensitivity that is compatible
with clinical practice. Accordingly, we chose to use this
fairly simple quick and inexpensive test to study our
diabetic patients to see what we could learn about the
association of contrast sensitivity measurement and
diabetic status of patients.CS which is measured by the
Pelli-Robson chart, revealed reduced performance in
diabetic subjects without DR and subjects with early
DR when compared to controls in several studies[21,
23].

Wong et al suggested that the reason for low CSF in
diabetics with minimal to no retinopathy is not clear.
Abnormal fluid accumulation in the retina or distur-
bance of neural function in the retina or the visual
pathways by overloading of the aldose reductase system
may theoretically be invoked as possible mechanisms
[40]. CSF differences were detected in the absence of
obvious signs of DR, suggesting greater sensitivity of
this test.

BCVA- BCVA is the most widely used non-invasive
test of visual function. It is widely recognized that
BCVA is compromised by diabetic retinopathy and
decrease BCVAis associated with age, duration of
diabetes, severity of diabetic retinopathy, and presence
of macular edema [19]. The measure of BCVA was not
sensitive enough to distinguish between groups with
diabetes but no retinopathy and diabetic subgroups [11].
Ismail et al [20]. reported a significant difference
between BCVA scores in individuals with progressive
DR and controls, and when comparing them to groups
with diabetes and early DR and No significant
difference was found when comparing the early DR
group with non-diabetic control groups. Noticewala V
et al reported that there is significant reduction in
BCVA function in subjects with diabetes as compared
to healthy individuals [30]. In this study Group 1 had a
significantly high mean decimal equivalent BCV Athan
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those in Group 2 and Group 3 and There was no
significant difference in mean decimal equivalent
BCVA in Group 2 and Group 3. Therefore, BCVA is
significantly reduced as DR progresses, but may not be
a sensitive enough approach to detect the early stages of
DR. The result of our study corroborates with those of
previous studies.

DA-Dark adaptation can be defined as the change in
sensitivity of the retina when moving from bright light
to low illumination conditions. At low levels of light,
the rod photoreceptors are mainly responsible for
vision, while the cones become less active; this is
referred to as scotopic vision.

Therefore, dark adaptation refers to the adjustments
made within the retina to allow for scotopic vision to
occur. Jackson et al reported that humans with the early
stages of DR have a significantly extended time of dark
adaptation compared to nondiabetic subjects, so this
may be a sensitive marker of early DR[24].

Holopigian et al. reported an elevated threshold of dark
adaptation in subjects with DR [41]. In this study Group
1 had a significantly high mean DA time than those in
Group 3 and subjects in Group 2 had a significantly
high mean DA time than those in Group 3 but There
was no significant difference in mean DA time in Group
1 and Group 2. The impact of diabetes on the
differential neural activity in the dark-adapted retina is
an important aspect of visual function that has been
overlooked by many mechanistic studies in DR
research.

Conclusion

There is a wealth of data showing that DR is a sight
threatening disease where early and effective treatment
has been shown to reduce significantly the incidence of
blindness. There is evidence to suggest that components
of vision, such as BCVA, DA and CSF are altered by
diabetes. They are impaired before structural retinal
abnormalities can be detected through ophthalmoscopy
or fluorescein angiography.

This study shows the differentiating ability of these tests
in screening of diabetic patients. However, in our study
sample size was insufficient to subgroup patients
according to the stage of DR and compares the
statistical results of these groups. Thus, a further study
with larger sample size is recommended. Practicality
and patient acceptability are important aspects of any
widely used screening test Moreover these psycho
physical testsare in expensive, reproducible, non-

Original Research Article

invasive and affordable for any eye clinic. We need to
evaluate the use of these diagnostic methods in
everyday clinical practice to improve our approach to
patient care and, above all, to achieve a secondary
prevention (screening) itself.

Advantages of this study- In this study we found that
diabetic patients with and without retinopathy had
significantly more CS, DA and BCVA losses than
controls of similar age and sex. These tests, which are
simple and quick to perform, could complement the
existing screening tests for retinopathy, providing
additional information about visual function, specially
its change over time.
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