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Introduction

Color vision deficiency (CVD) is defined as the inability to 
distinguish color differences (1). A maldevelopment in 1 or 
more cone cells in the retina causes congenital CVD (2). The 
human retina has 3 types of photoreceptors: short-, medi-
um-, and long wavelength-sensitive cones, which constitute 
normal human color vision (3). CVD usually occurs due to 
the absence of 1 or more retinal cone photopigments, result-

ing in total or partial loss of sensitive function (4). A partial 
loss of cone function is described as anomalous trichromacy, 
and a total loss is classified as dichromacy (5). The most 
frequent types of CVD are inherited from mutations on the 
X chromosome, and are associated with the inadequacy to 
distinguish between the red and green wavelengths (6). In 
Caucasian societies, approximately 8% of males and 0.4% of 
females are affected by CVD (7). 

Objectives: This study was designed to evaluate the thickness of the central macula, the retinal nerve fiber layer (RNFL), 
and the ganglion cell complex (GCC) in individuals with congenital red-green color vision deficiency (CVD) using spec-
tral-domain optical coherence tomography (SD-OCT).
Methods: This study included 22 males with a red-green CVD (Group 1) and 22 males with normal color vision (Group 
2). The Ishihara test was used to determine CVD. SD-OCT was used to evaluate the central macula, RNFL, and GCC 
measurements of all of the study participants. The quantitative data of the 2 groups were compared. The Kruskal-Wallis 
test was used for the statistical analysis and a p value <0.05 was considered significant.
Results: The mean central macula thickness observed in Group 1 and 2 was 255.00±25.50 μm and 248.95±24.70 μm, 
respectively. The mean RNFL thickness of Group 1 and 2 was 110.66±14.70 μm and 109.49±9.90 μm, respectively, and the 
mean GCC thickness of Group 1 and 2 was 97.70±10.80 μm and 97.56±5.10 μm, respectively. There were no significant 
differences between the groups in the assessment of the central macula, RNFL, or GCC thickness (p=0.20, p=0.34, p=0.37).
Conclusion: The results of this study suggested that congenital red-green CVD does not affect the thickness of the 
central macula, RNFL, or GCC. To the best of our knowledge, this is the first study to evaluate the thickness of the GCC 
in individuals with congenital red-green CVD.
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Optical coherence tomography (OCT) has been used as 
an imaging device since 1991. OCT is a noninvasive, non-
contact diagnostic device that has the capability to perform 
high-resolution, cross-sectional imaging of the human eye in 
vivo (8). OCT provides reproducible quantitative and objec-
tive measurements of the thicknesses of retinal layers (9).

There are very few studies in the literature that have 
evaluated retinal structures in individuals with congenital 
red-green CVD. Gupta et al. (10) evaluated the anatomic 
structure of the retina using spectral-domain optical coher-
ence tomography (SD-OCT) in individuals with congenital 
red-green CVD and they reported normal thickness in vari-
ous retinal layers in the macula in individuals with congenital 
red-green CVD compared with normal subjects. Yılmazbas 
et al. (11) used scanning laser polarimetry and observed a 
normal thickness of the retinal nerve fiber layer (RNFL) in 
subjects with congenital red-green CVD. The present re-
search was an evaluation of some of the retinal layers as-
sociated with color perception using SD-OCT in patients 
with congenital red-green CVD. Congenital red-green CVD 
results from the absence, malfunction, or alteration of ei-
ther the L-cone photopigment or the M-cone photopigment 
(10, 12). Cones are known to be concentrated in the foveal 
area corresponding to the central macula (13). Ganglion cells 
receive signals conveyed by bipolar cells that have received 
inputs from cones. The axons of ganglion cells travel in the 
nerve fiber layer and enter the optic nerve (14). This study 
was designed to investigate whether red-green CVD has any 
effect on the thickness of some retinal layers that have a 
dense concentration of cone cells, ganglion cells, or ganglion 
cell axons, and analyze the thickness of the central macula, 
the RNFL, and the ganglion cell complex (GCC) using SD-
OCT in individuals with congenital red-green CVD.

Methods

The study participants were 22 healthy males with congenital 
red-green CVD and 22 healthy males with normal color vi-
sion. Group 1 consisted of individuals who had congenital red-
green CVD, and Group 2 included individuals who had normal 
color vision. Before the study, informed consent was obtained 
from all the participating individuals, and ethics approval was 
also obtained [no:11 (11)]. The guidelines of the Declaration 
of Helsinki were observed at each stage of the study. A full 
ocular examination was performed, including cycloplegic re-
fraction, visual acuity assessment using the Snellen chart, intra-
ocular pressure measurement using applanation tonometry, 
and axial length measurement using A-scan ultrasonography. 
Anterior and posterior segment evaluations were performed 
for each member of the study group. 

Individuals with neurologic disorders; any eye disease, 
such as retinal disease, glaucoma, optic neuritis, uveitis; or 

any systemic disease such as diabetes or hypertension that 
could influence the thickness of retinal structures, were ex-
cluded from the study. All of the study participants had a 
spherical or cylindrical refraction error of <1 diopter and an 
axial length measurement value of 22.5-24.5 mm. 

The 24-plate Ishihara test was used to determine individ-
uals with red-green CVD. In practice, the Ishihara pseudo-
isochromatic plates are the most commonly used means to 
detect congenital red-green CVD (15–18). The Ishihara test 
has a long clinical history and high sensitivity and specifici-
ty (19,20). Some studies have reported that this test is the 
most effective method to ascertain red-green CVD (21,22). 
In this study, the test plates were displayed to the individuals 
at a distance of 75 cm in an appropriately illuminated room. 
All of the participants were asked to read the numbers seen 
on the test plates. Three or more errors served to classify 
the presence of CVD.

There has been progressive growth in the use of SD-OCT 
in ophthalmology. The RTVue-100 OCT scanner (Optovue 
Inc., Fremont, CA, USA) was used to measure the thickness 
of the central macula, RNFL, and GCC in both study groups. 
The RTVue-100 can perform 26,000 A scans per second with 
a depth resolution of 5 μm (23). The central macular and 
RNFL thickness measurements were performed using the 
5-mm macular map and an optic nerve head scan, respec-
tively. The GCC comprises the RNFL, the inner plexiform 
layer and the retinal ganglion cell layer (24), and a GCC scan 
was used to measure the thickness of this composite layer. A 
single clinician performed the evaluation and image capture 
for the study group after pupillary dilation with tropicamide 
drops. Scans with a signal strength index of <45 or motion 
artifacts were excluded. An OCT image obtained from the 
retina of an individual with red-green CVD is shown in Figure 
1, and an OCT image obtained from the retina of a control 
subject is shown in Figure 2. The thicknesses of the central 
macula, RNFL, and GCC were calculated and used for sta-
tistical analysis. Quantitative data obtained from these mea-
surements were compared between Group 1 and Group 2. 

Statistical Analysis
The statistical analysis was performed with IBM SPSS Sta-
tistics for Windows, Version 22.0 software (IBM Corp., Ar-
monk, NY, USA). The measurable data were presented as 
mean±SD and the non-parametric Kruskal-Wallis test was 
used to compare the data of the 2 groups. A p value of <0.05 
was considered statistically significant.

Results
The mean age of Group 1 was 30.14±8.90 years, and the 
mean age of Group 2 was 25.55±6.00 years. The mean cen-
tral macular thickness in Groups 1 and 2 was 255.00±25.50 
μm and 248.95±24.70 μm, respectively. The mean RNFL 



Ozsoy et al., Thickness of Retinal Layers in Color Blindness 83

thickness was 110.66±14.70 μm and 109.49±9.90 μm, re-
spectively, in Groups 1 and 2. The mean GCC thickness in 
Group 1 and Group 2 was 97.70±10.80 μm and 97.56±5.10 
μm, respectively (Table 1).

There were no significant differences in the mean age, 
central macular thickness, RNFL thickness, or GCC thick-
ness measurements between the groups (p=0.10, p=0.20, 
p=0.34, p=0.37, respectively).

Discussion

In this study, SD-OCT was used to evaluate the thickness of 
the central macula, RNFL, and GCC in individuals with con-
genital red-green CVD. A comparison was performed with 

normal color vision subjects, and we found no significant dif-
ference between the study group and the control group. A 
literature review revealed no previous study evaluating the 
thickness of the GCC layer in individuals with red-green 
CVD using SD-OCT.

Gupta et al. (10) used SD-OCT to measure the thickness 
of several layers of the retina: the foveal neurosensory reti-
na, the outer nuclear layer, the photoreceptor layer, and the 
outer and inner segments of the photoreceptors in 14 eyes 
of 7 individuals with congenital red-green CVD and com-
pared the outcomes with normal subjects. They reported a 
normal thickness in the various retinal layers in the macula 
in persons with congenital red-green CVD. Although they 

		  Group 1 (n=22)	 Group 2 (n=22)	 p

		  (Mean±SD)	 (Mean±SD)

Central macular thickness (μm)	 255.00±25.50	 248.95±24.70	 0.20

RNFL thickness (μm)	 110.66±14.70	 109.49±9.90	 0.34

GCC thickness (μm)	 97.70±10.80	 97.56±5.10	 0.37

Group 1: Individuals with congenital red-green color vision deficiency, Group 2: Individuals with normal color 
vision; GCC: Ganglion cell complex; RNFL: Retinal nerve fiber layer.

Table 1. Mean thickness of the central macula, RNFL, and GCC  in the study groups

Figure 1. Grey-scale optical coherence tomography image revealing the retinal layers of an individual 
with red-green color vision deficiency.

Figure 2. Grey-scale optical coherence tomography image revealing the retinal layers of a control subject.
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examined different retinal layers, their results are consistent 
with our findings. Their study is also similar to ours in terms 
of the instrument used.

Yılmazbas et al. (11) studied RNFL thickness using scan-
ning laser polarimetry in 20 individuals who had congenital 
red-green CVD. They compared the results with those of 
20 control subjects who had normal color vision, and they 
found no significant difference between the 2 groups. Their 
outcome on the thickness of RNFL layer corroborated our 
result in the same layer though they used a different instru-
ment.

 Barthelmes et al. (25) analyzed the OCT characteristics 
of the central retina in patients with 2 diseases associated 
with a lack of cone functions, achromatopsia and blue-cone 
monochromatism, and compared the findings with normal 
subject data. They detected a decreased foveal thickness in 
patients with blue-cone monochromatism compared with 
those with achromatopsia and normal subjects. The clinical 
characteristics of blue-cone monochromatism differ from 
congenital red-green CVD, though both conditions have a 
similar genetic basis. Additional studies are needed to ex-
plain the reduced foveal thickness.

Varsayni et al. (26) evaluated the anatomic structure of 
the retina in patients with achromatopsia using OCT and 
reported a reduction in both the thickness of the central 
retina and total macular volume in patients with achroma-
topsia compared with control subjects. Although patients 
with achromatopsia had a lack of color vision, this inherit-
ed condition differs from congenital red-green CVD both 
in terms of the clinical characteristics and molecular genetic 
basis. The difference in the thickness of central retina may be 
due to the study design.

Our study has some limitations. First, our study group 
was small. Second, the study had no data from female pa-
tients with red-green CVD. Third, the study lacked the ability 
to demonstrate the probable changes in macular morphol-
ogy over time. A prospective study with a longer follow-up 
would be useful to observe morphological changes. Finally, 
we did not evaluate the ellipsoid zone, which contains pho-
toreceptor mitochondria needed for high metabolism.

In conclusion, the results of this study suggest that there 
is no morphological change in the macular anatomy in red-
green CVD detectable with SD-OCT. However, histopatho-
logical and prospective studies with a larger study group are 
necessary.

This manuscript was presented at the 51st National Con-
gress of the Turkish Ophthalmological Association held in 
Antalya, Turkey, October 24-29, 2017.
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