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Purpose: The present study was undertaken to compare the stereoacuities measured by
TNO and Titmus tests, in diabetic patients with early retinopathies and those without
diabetes (control group).

Methods: In this study, 139 participants (43 with diabetes mellitus, and 96 age-matched
controls) were recruited from a retina subspecialist clinic in Qazvin, Iran, from
September 2016 to March 2017. The stereo-acuities were measured following subjective
refraction by Titmus and TNO tests at 40 cm. The patients with diabetes whose retinal exam
revealed no background retinopathy or only microaneurysms (very mild diabetic retinopathy)
in the worse eye were enrolled into this study.

Results: In the diabetic group, with TNO, the stereoacuity levels in 95.3% of the subjects
were in 120, 240, and 480 levels, while in the non-diabetic group, 86.4% of the subjects were
in 30, 60, and 120 levels. In the diabetic group, with Titmus, 86.1% of the subjects were in
40, 50, and 60 levels, while in the nondiabetic group 91.7% of the subjects were in 40 levels.
The correlation between TNO and Titmus was statistically significant (r = 0.338, P<0.001)
for the non-diabetic group, while it was not statistically significant (r = —0.034, P= 0.827) for
the diabetic group.

Conclusion: In the early stages of diabetic retinopathy, the global pathway of stereopsis is
damaged more than the local. The difference in severity of damage to local and global
pathways in patients with diabetes indicates that there may be different underlying mechan-
isms for these two pathways.
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Introduction
The major visual complication of diabetes mellitus (DM) is diabetic retinopathy (DR)
which is initially recognized by the microvascular changes in the retina.' The literature
in the past two decades reveals neurodegeneration of the retina occurs prior or
concomitant with these microvascular changes.>'? Prior to these vascular signs, visual
dysfunctions have been reported in color vision perception, contrast sensitivity func-
tion, microperimetry and multifocal electroretinogram.'>™'> Stereopsis or depth per-
ception is another important visual function that has not been studied previously in
diabetic patients at any stages of DR. Reduced depth perception can be a risk factor for
falls. Occurrence of falls has been reported in diabetic patients.'®

Stereopsis or depth perception is a visual function that requires the proper operations
of the visual pathway from retina to V1 and extra striate cortical areas. The parvocellular
and magnocellular pathways both in a parallel fashion provide input to V1, V2 and extra
striate cortical areas for depth perception. The mechanisms underlying stereopsis have
been classified into two categories of global vs local. Some investigators believe that, the
global process involves two serial stages: 1) the processing of local disparity in early
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visual areas of (V1-V2) by disparity selective cells, binocular
cells with localized receptive field; and 2) processing corruga-
tions of disparity by cells with much larger receptive fields in
higher visual brain areas that involve the integration of local
stereoscopic information over large spatial distances.'’
Evidence from brain damage and brain surgeries suggest an
anatomical separation for local vs global processing,'® while
other studies reveal that the two mechanisms cannot be
entirely separate.'” The exact mechanism of local and global
stereopsis is not fully understood.

The local or global stereopsis tests are generally used
in clinics and screenings to evaluate binocular status in the
pediatric population, with amblyopia, and are rarely used
for diagnosis and monitoring of systemic diseases. Some
limited research on neurodegenerative diseases such as
Parkinson’s disease, schizophrenia, and multiple sclerosis
have reported deterioration of stereopsis in these
patients.>*>® Stereopsis in patients with DM has not
been previously investigated at any stages of DR. Since
strong evidence exists for neurodegeneration in early
stages of diabetic retinopathy,'> we speculate that some
functional changes in depth perception may also be present
at this stage. Early detection of subclinical DR with an
easy and low cost functional test such as stereopsis can
provide earlier detection of visual changes and subsequent
appropriate decision in diagnosis and management of DM.
Further analysis of stereopsis with local and global tests
can shed light into the mechanisms underlying these two
types of processing. The purpose of this study was to
compare global (TNO) vs local (Titmus) stereopsis in
patients with DM (with no background retinopathy or
very mild non-proliferative retinopathy) with healthy indi-
viduals (control).

Patients and Methods

Participants

In this prospective cross-sectional study, the subjects were
recruited from a retina subspecialist clinic in Qazvin, Iran,
from September 2016 to March 2017.

Inclusion criteria: 1) criteria for diagnosis of diabetes
were (a) Fasting Plasma glucose>126 mg/dL (fasting
defined as no caloric intake for at least 8 hours), or (b)
2-hour plasma glucose>200 mg/dL during the OGTT (the
test should be performed as described by the World Health
Organization, using glucose load containing the equivalent
of 75 g anhydrous glucose dissolved in water. (In the
absence of unequivocal hyperglycemia, the above criteria

was confirmed by repeated testing.);'® 2) Fundus exam
which reveals no background diabetic retinopathy (level
10) or presence of only microaneurysms (level 20) in the
worse eye based on Early Treatment Diabetic Retinopathy
Study (ETDRS) classification;** 3) best corrected visual
acuity of 20/20 in each eye at distance and near.

Exclusion criteria: subjects with amblyopia, distant or
near strabismus, anisometropia greater than 1.00 D, refrac-
tive error more than + 3.00 D sphere and — 2.00 D cylinder,
near phorias greater than 4A eso and 9A exo,” history of
corneal opacity, lens opacity, glaucoma, history of ocular
surgery, any retinal disease, based on EDTRS, the presence
of diabetic retinopathy at level 35 and above (level 35 [mild
diabetic retinopathy] has been defined as the presence of
hard exudates, cotton wool spots, and/or mild retina hemor-
rhage; above level 35 includes different levels of retinal
hemorrhage, intra-retinal microvascular abnormalities
[IRMA], venous beading, new vessels elsewhere, neovascu-
larization of the disc, peri-retinal hemorrhage, and vitreous
hemorrhage),?> or presence of clinically significant macular
edema (defined as 1) retinal thickening within 500 pm of the
macular center; 2) Hard exudates within 500 pm of the
macular center with adjacent retinal thickening; 3) one or
more disc diameters of retinal thickening, part of which is
within one disc diameter of the macular center).

The cases were compared with aged matched healthy
subjects with no history of diabetes. The study was con-
ducted in accordance with the Declaration of Helsinki and
was approved by the research ethics committee of the
School of Rehabilitation, Shahid Beheshti University of
Medical Sciences; the approval certification number is 95/
6/13. An oral informed consent was obtained from the
participants, in the presence of a third party, and this was
previously approved by the ethics committee.

Procedures

The following assessments were performed on each patient
in this order: 1) distant visual acuity was measured by
Tumbling E chart in LCD chart (Medizs Inc., Korea); 2)
Beta 200,
Germany) followed by auto-refraction using an auto-

static retinoscopy was performed (Heine,

refractometer (Topcon KR-8800, Japan); 3) subjective refrac-
tion was performed at 6 meters; 4) near visual acuity was
determined at 40 cm, for those requiring addition, appropriate
addition was used; 5) unilateral and alternating cover tests
were performed at far (6 m) and near (40 cm) distances with
appropriate correction; 6) stereoacuity was measured by
Titmus stereo fly test and TNO. The order of performing
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the two stereo tests for each participant was randomly
selected to balance out variables such as learning and fatigue;
7) following optometric exam, the anterior segment exams
were performed by the ophthalmologist with a slit lamp
(Haag—Streit, Bern, Swiss made) 8) then, the subjects were
dilated with a drop of Tropicamide 1%, instilled twice, with
a 5 minute interval, and at least 30 minutes wait interval, after
the last drop; 9) the fundus exam was first performed by the
retina specialist behind the slit lamp (Haag—Streit, Bern,
Swiss made) with +90D hand held lenses (Volk optical,
Inc.), at eight positions of cardinal gaze, the posterior pole
being examined last; 10) binocular indirect ophthalmoscopy
(Heine, Germany) was also performed in eight positions of
cardinal gaze with a +20 D lens; 11) The picture of the retina
Heidelberg Retina
Angiograph and Optical Coherence Tomography (HRA

was acquired by the Spectralis
+OCT) (Heidelberg Engineering, Heidelberg, Germany), in

patients suspected for CSME.

Stereopsis Assessment
Titmus stereo fly test (Stereo Optical, Chicago, IL, USA)
was used to measure local stereopsis. The participants were
wearing Polaroid glasses; when needed, appropriate near
glasses were worn underneath. The booklets were held at
40 cm, perpendicular to the visual axis. The examiner always
checked that the participants avoided head movement.
Global stereopsis was measured with TNO stereotest,
(Lameris, Ootech Netherlands). The participants were wear-
ing red-green anaglyph filters, when needed, appropriate
near glasses were worn underneath the filters. The testing
conditions were the same as the above conditions. The first
three plates (IIII) were used to quickly establish whether
stereoscopic vision was present. Plate IV was used for
suppression check. The quantitative plates (V-VII) were
used for exact determination of the stereoscopic sensitivity.
Lighting for the tests included additional light above
the participant’s shoulder for uniform illumination of the
stereo booklet (90 cd/m?).

Data Analysis
Data analysis was performed by IBM SPSS Statistics soft-
ware (Version 20).

In this software, Shapiro—Wilk analysis showed that the
data was not normally distributed. For non-parametric data,
Mann—Whitney U-test for independent samples, was used. In
addition, the correlations for non-parametric data between
TNO and Titmus in both groups were determined by
Spearman test. A P-value of less than 0.05 was considered as

statistically significant. The agreement between TNO and
Titmus in two groups were analyzed by Bland-Altman plots,
in MedCalc software.

Results

In this study, 139 participants were enrolled. The demo-
graphic information of the participants is presented in
Table 1. In terms of age, there was no statistically signifi-
cant difference between the two groups (P=0.68).

The distribution of subjects in the diabetic and non-
diabetic groups at different stereoacuity levels with TNO
are presented in Table 2. The mode for the diabetic group
is 240 arcsec while for the non-diabetic group is 60 arcsec.
In the diabetic group 95.3% of the subjects were in 120,
240, and 480 levels, while in the nondiabetic group 86.4%
of the subjects were in 30, 60, and 120 levels.

The distribution of subjects in the diabetic and non-
diabetic groups at different stereoacuity levels with Titmus

Table | Demographic Characteristics of the Diabetic and Non-
Diabetic Groups

Diabetic Non-Diabetic
Age Mean * sd 43.9£10.6 43.3x10.2
Range 22-67 20-65
Gender Male 17 (39.5%) 64 (66.7%)
Female 26 (44.8%) 32 (33.3%)

Table 2 The Distribution of the Subjects in Different TNO
Levels in the Diabetic and Non-Diabetic Groups

Clinical Optometry 2020:12

TNO Stereoacuity Levels Diabetic Non-Diabetic
(arcsec) N (%) N (%)
15 0 2
©) @.1)
30 2 15
4.7) (15.6)
60 2 44
“4.7) (45.8)
120 13 24
(30.2) (25.0)
240 15 8
(34.9) 8.3)
480 I 3
(25.6) 3.0
Total 43 96
(100) (100)
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are presented in Table 3. The mode for the diabetic group is 50
arcsec, while for the non-diabetic group is 40 arcsec. In the
diabetic group 86.1% of the subjects were in 40, 50, and 60
levels, while in the nondiabetic group 91.7% of the subjects
were in 40 level. In the diabetic group only 27.9% are in
level 40.

The correlation between TNO and Titmus findings in the
diabetic group was not statistically significant (r=—0.034,
p=0.827). The scatter plot is presented in Figure 1. The
correlation between TNO and Titmus findings in the non-
diabetic group was statistically significant (1=—0.338,
p=0.001). The scatter plot is presented in Figure 2.

The mean differences between stereoacuity measure-
ments performed by TNO and Titmus tests are presented
in Bland-Altman plots in Figure 3 for patients with DM
and in Figure 4 for subjects without diabetes. The mean
differences between stereoacuity measurements taken by
the TNO-Titmus in Figures 3 and 4 show that in the
diabetic group, the difference is not close to zero, while
in the non-diabetic group the difference is near zero.

Discussion

In this study, in the diabetic group the stereoacuity levels
achieved by TNO and Titmus were worse than the non-
diabetic group. The stereoacuity levels achieved by TNO

Table 3 The Distribution of the Subjects in Different Titmus

TNO (arcsec)

Q
S

Titmus (arcsec)

Figure | The scatter plot for the stereoacuity measurements taken by TNO and
Titmus in the diabetic group.

n cn 100 1en 200 en

¢
L
<

Titmus (arcsec)

Figure 2 The scatter plot for the stereoacuity measurements taken by TNO and
Titmus in the non- diabetic group.

Levels in the Diabetic and Non-Diabetic Groups 600 -
Titmus Stereoacuities Levels | Diabetic Non-Diabetic 500 I +1.96 SD
(arcsec) N (%) N (%) - 99.0
400 - éb
40 12 88 g r
(27.9) (91.7) S 300 i
= Mean
50 I5 3 ¢ 20p o
O ol o 190.9
34.9 3.1 o
(34.9) (C)) E I %
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(23.3) 4.2) -100 I -1.96 SD
I -117.1
8 37 0 00 -200 1 1 1 1 1 1 1
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100 2 0 Mean of TNO and Titmus
(4.7) 0)
Figure 3 Bland-Altman plot of the stereoacuities measurements taken by TNO-
140 | 0 Titmus in the diabetic group; the solid line represents the average difference
(2.3) (0) between TNO and Titmus measures (mean difference), dashed lines indicate the
) lower and upper 95% limits of agreements.
200 0 |
©) 0 . . o o
were worse than Titmus in the diabetic and non-diabetic
Total 2300) ?|600) groups. These findings indicate that at the early stages of
diabetic retinopathy the global and local pathways of stereopsis
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Figure 4 Bland-Altman plot of the stereoacuities measurements taken by TNO-
Titmus in the non-diabetic group; the solid line represents the average difference
between TNO and Titmus measures (mean difference), dashed lines indicate the
lower and upper 95% limits of agreements.

are damaged but the severity of damage is different between
the two pathways.

In this study, the stereoacuities measured by the TNO
showed worse values compared with Titmus in both groups.
The difference between TNO and Titmus has also been
observed previously in healthy subjects.”® Some might spec-
ulate that monocular cues inherent in the Titmus have influ-
enced these findings. However, previous investigators have
reported that in Titmus, only the first 3 to 4 circles have
strong monocular cues of lateral displacement, and these
monocular cues should not affect subjects with thresholds
of 100 arcsec or better.”” Since the measured stereoacuities
with the Titmus in our study were better than 100 arcsec, the
difference observed between TNO and Titmus is unlikely
due to monocular cues.

Furthermore, the use of red-green glasses in the TNO
vs polaroid glasses in the Titmus has been suggested as
another factor influencing the stereoacuities measured by
each test in healthy subjects. In anaglyphic tests, luminous
transmittance and contrast difference between the red and
green may affect suppression tendencies and overall reduction
in stereopsis in some subjects.?’” In this study, this reduction
was also observed in stereoacuities measured with TNO, in
both diabetic and non-diabetic groups. But worse stereoacui-
ties were observed in the diabetic group. One may speculate
that the damage to the color processing pathways in the
diabetic group has led to worse findings with TNO.
However, most studies on color vision in diabetic patients
agree that the blue-yellow color axis is predominately affected
in patients with diabetic retinopathy and uncertainty exists

over whether color vision defect exists in diabetics without
retinopathy.*® Therefore, any damage to the color vision path-
way, prior to retinopathy, especially along the red-green axis,
is highly unlikely to affect the stereo findings with the TNO.

Furthermore, the differences in the size and forms of
the targets presented in TNO and Titmus tests could have
influenced our findings. In Titmus, the targets are small
well defined circles which might have stimulated more of
the midget cells in the retina or the parvocellular pathway
from retina to visual area V1, V2 (interstripe regions and
thin strip region) and further cortical areas. In Titmus test,
further, the process of form recognition happens prior to
the fusion of the targets and eventually perception of
depth. While in TNO a greater area of dots with no
apparent shape are presented to the subjects which might
stimulated more of larger ganglion cells with extended
dendrites (Parasol cells) leading to magnocellular pathway
to V1 and V2 (thick stripe regions). In test, the fusion of
two areas happen first prior to recognition of form and
perception of depth.

However, in the diabetic group, with TNO, a greater
reduction in the stereoacuities was observed. This might
indicate that in the diabetic group, the larger retinal gang-
lion cells, with higher sensitivity to low spatial frequencies
have been damaged more than smaller ganglion cells, with
higher sensitivity to high spatial frequencies. Therefore,
the magnocellular pathway is affected more than the par-
vocellular pathway. Two following studies provide some
evidence that some retinal ganglion cells are affected in
early diabetic retinopathy. Recent OCT findings revealed
that pockets of ganglion cell volume loss have been
observed in patients with very mild NPDR compared
with the non-diabetic group.>” However the type of the
cell in these pockets were not clear. There is also evidence
that retrograde axonal transport is impaired for large and
medium retinal ganglion cell types in diabetic rats.** Our
finding in this study may indicate that in early diabetic
retinopathy the magnocellular pathway is more vulnerable
than the parvocellular pathway.

The strength of this study is that it investigated stereop-
sis in diabetic patients for the first time. The presence of
the control group further provided the chance to compare
the findings of the diabetic patients with the normal age-
matched subjects. This design ruled out the possible role
of age as the confounding variable. The limitation of this
study was the lack of knowledge about the level of blood
sugar just prior to the stereopsis testing. In this study only
one test for each of the local and global pathways was

Clinical Optometry 2020:12
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selected. Further testing with different stereo tests are
recommended for future studies.

The findings of this study showed that patients with early
diabetic retinopathy performed worse in TNO (global) vs
Titmus (local) tests of stereopsis. This difference supports
the parallel and the serial types of processing. Considering
that larger ganglion cells in the retina might have been further
damaged than the small ganglion cell, the presence of two
parallel magnocellular and parvocellular pathways of proces-
sing for depth perception is supported. The extensive evi-
dence regarding the thickness reduction in the ganglion cell
layer and the retinal nerve fiber layer in the early stages of
DR 68710293133 fyrther supports the parallel pathways of
depth perception. Our findings also do not rule out the serial
model of processing. The global process is believed to
involve two serial stages: 1) the processing of local disparity
in early visual areas of V1V2 by disparity selective cells,
binocular cells with localized receptive field; and 2) proces-
sing corrugations of disparity by cells with much larger
receptive fields in higher visual brain areas that involve the
integration of local stereoscopic information over large spa-
tial distances. Our findings might indicate that the damage to
the global pathway has happened in higher cortical areas.
Further investigations with advanced imaging techniques
such as fMRI, and PET scanning are required to provide
support for this model. Our findings in early diabetic patients
revealed that there might be different underlying mechanisms
for local and global stereopsis.

Disclosure
The authors report no conflicts of interest in this work.
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