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Background: It has been suggested that retinal thickness varies with demographic variables. 
Understanding the influence of demographic variables on retinal thickness could improve our 
knowledge of risk factors for retinal pathologies. Previous studies have focused exclusively 
on white and African-American populations, with limited attention to black and Indian 
populations.

Aim: To compare retinal thickness in black and Indian myopic students at the University of 
KwaZulu-Natal (UKZN).

Methods: A cross-sectional comparative research design was used. The study was conducted 
at UKZN, Westville campus. Retinal thickness was measured in 80 healthy myopic students 
using the Fourier/spectral domain iVue 100 optical coherence tomographer. Retinal thickness 
measurements of the right and left eyes showed significant correlations, therefore data from 
only the right eyes were analysed. Racial and gender variations in retinal thickness of the nine 
Early Treatment Diabetic Retinopathy Study (ETDRS) segments were assessed.

Results: The mean central foveal thickness in black participants was 238 µm compared with 
243 µm in Indian participants (p = 0.06). Indian participants had thicker parafoveal thickness 
measurements whilst black participants had thicker perifoveal thickness measurements. Male 
participants had thicker retinal thickness measurements in all nine ETDRS segments than 
female participants. Central foveal thickness showed no significant correlation with spherical 
equivalent (r = -0.14, p > 0.05) or axial length (r = 0.09, p > 0.05).

Conclusion: The average central foveal thickness was slightly thinner in black and female 
participants than in Indian and male participants. Optometrists and ophthalmologists should 
consider these differences when evaluating black and Indian individuals with foveal retinal 
diseases.
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Introduction
The retina is a light-sensitive structure forming the innermost layer of the eye and consists of 
various cells (photoreceptor cells, ganglion cells, glial cells and interneurons).1,2 Assessment of 
the thickness and structural organisation of the retina is important for the detection, management 
and follow-up of various retinal diseases. Traditional methods for evaluation of the retina include 
fundus photography, slitlamp biomicroscopy with retinal lens, and fluorescein angiography.3 
However, these methods only provide a subjective and qualitative retinal assessment.

Optical coherence tomography (OCT) is a new, non-invasive method that allows high-resolution 
cross-sectional imaging and quantitative assessment of retinal thickness.4 OCT works on a 
principle similar to ultrasound except that reflected light waves are measured instead of sound 
waves. Early OCT systems (e.g. the Stratus OCT) used time-domain detection and achieved 
scanning speeds of 400 A-scans per second with 8 µm – 10 µm axial resolution.5,6 Since its 
introduction in 1991 by Huang et al.,4 OCT technology has undergone significant improvements 
that have resulted in faster scanning speeds, improved eye movement tracking and increased 
resolution. The newer systems, called Fourier/spectral domain OCTs, provide faster scanning 
speeds (more than 20 000 A-scans per second), higher sensitivity and improved image axial 
resolution (5 µm – 7 µm).5,6,7 As a result of its superior qualitative and quantitative retinal 
assessments, OCT is being widely used to screen, diagnose and monitor the progression of 
retinal diseases.5,8,9,10,11

Several studies suggest that retinal thickness varies with race12,13,14,15,16 and gender,12,17,18 whereas 
other studies5,19,20 report no such variation. Understanding the influence of these demographic 
variables on retinal thickness could improve understanding of possible mechanisms and risk 
factors for certain retinal pathologies. This knowledge is necessary as the prevalence of retinal 
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pathologies such as retinopathy of prematurity,21 age-
related macular degeneration,22,23 glaucoma24,25 and diabetic 
retinopathy26 varies in different race groups.

Previous studies that investigated racial variations in retinal 
thickness have some limitations. Firstly, many studies7,13,14,16,18 
focused exclusively on white and African-American 
populations, with limited attention to the South African 
black and Indian populations. We believe that normative 
data on retinal thickness measurements in black and Indian 
populations may provide a useful baseline for future 
research studies investigating pathological retinal changes 
in these populations. Secondly, the OCT devices used in 
some studies12,13,14,15 were the older time-domain devices 
which have poorer repeatability and lower resolution and 
scanning speeds than the newer Fourier/spectral domain 
devices.6,7,27 Furthermore, some studies failed to take into 
account the influence of age and refractive error on retinal 
thickness. Retinal thickness decreases with increasing age;17,28 
consequently, the results reported might have been influenced 
by including a larger age range of study participants. By 
including participants with both myopia and hyperopia, 
the results reported might also have been biased because 
refractive error influences retinal thickness.29,30 Finally, in 
some previous studies,5,13,16 the sample sizes ranged from 14 
to 50 participants, which might have been too small to detect 
a difference in retinal thickness.

In the present study, we conducted a comparative evaluation 
of retinal thickness in a cohort of 80 black and Indian myopic 
students aged between 18 and 24 years. The main hypothesis 
was that retinal thickness measurements would vary with 
race and gender.

Methodology
The study (reference number SHSEC 038/13) was approved 
by the Research and Higher Degrees Committee of the 
School of Health Sciences, University of KwaZulu-Natal 
(UKZN). All ethical guidelines were adhered to during the 
study and written informed consent was obtained from 
all participants after explaining the nature and procedures 
involved in the study. The study employed a cross-sectional 
comparative research design and was conducted at UKZN’s 
Westville campus. The study population included black 
and Indian UKZN students at the Westville campus. 
Convenience sampling was used to recruit 80 myopic (40 
black and 40 Indian) participants aged between 18 and 24 
years. Participants with hyperopia, unaided or best corrected 
visual acuity worse than 6/6, intraocular pressure greater 
than 21 mmHg, associated systemic and/or ocular diseases 
and currently on medication were excluded.

The following screening procedures were conducted to 
assess participants’ eligibility according to the inclusion 
criteria: case history (medical and ocular), visual acuity, 
autorefraction (Nidek AR-1), slit lamp biomicroscopy, 
ophthalmoscopy and non-contact tonometry (Nidek 
NT530P). Thereafter data collection procedures were 

performed for eligible participants. Subjective refraction 
(starting with the autorefraction results) was performed 
to determine the myopic refractive error. The myopic 
spherical equivalent was calculated. The sphere power plus 
half the negative cylindrical power constituted the final 
prescription.31 To ensure standardisation of refractive error 
results, all subjective refractions were performed by only one 
clinician.

Central corneal power, along the two principal meridians 
(K1 and K2), was measured using the Oculus keratograph. 
The Oculus keratograph has been used previously to assess 
corneal topography and is reported to be as reliable as other 
keratographs.32,33 Axial length was measured using the Nidek 
US-500 A-scan ultrasound device which has been used in 
other studies.34,35

Retinal thickness at the macula was scanned and measured 
using the Optovue iVue 100 OCT. This OCT device has 
a scanning speed and axial resolution of 25 000 A-scans 
per second and 5 µm respectively.36 Retinal thickness 
measurements are dependent on the algorithms used by 
the OCT device to detect the anterior and posterior retinal 
surfaces. The iVue 100 OCT device has a pre-programmed 
algorithm that defines the retinal pigment epithelium as the 
outer limit of the retina and the inner limiting membrane 
as the inner limit. Retinal thickness is thus automatically 
determined as the distance between these two boundaries.

The retinal map scan protocol which consists of a raster 
pattern of 13 horizontal (6 mm) line scans of 512 A-scans 
and 7 horizontal (6 mm) line scans of 1024 A-scans within 
the central 1.5 mm vertical zone was used.36 When capturing 
the retinal map scans, the internal fixation target was used 
and the location of the participant’s eye and corresponding 
retina was monitored using the real-time image displayed 
on the laptop screen. Scans with quality indices < 40, or 
labelled as poor on the laptop screen display, were repeated 
in accordance with the manufacturer’s recommendations.36

The retinal map scan protocol displays average retinal 
thickness in each of the nine segments of the macular map as 
defined by the Early Treatment Diabetic Retinopathy Study 
(ETDRS).37 Central foveal thickness is defined as the average 
thickness in the central 1 mm ring (Figure 1). The inner and 
outer rings, of 3 mm and 5 mm diameter, correspond to the 
parafoveal and perifoveal regions respectively. The parafoveal 
and perifoveal regions are divided into four quadrants 
(superior, inferior, nasal and temporal) (Figure 1). The average 
retinal thickness in the central, parafoveal and perifoveal areas 
(nine segments) are presented accordingly in a retinal map 
using a false-colour topographic image display (Figure 1).

It is important to note that previous studies38,39,40 have 
demonstrated high levels of repeatability and reproducibility 
of OCT devices in measuring macular retinal thickness. 
Corneal power, macular retinal thickness and axial length 
measurements were each performed by one clinician, to 
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ensure standardisation, where three measurements were 
recorded and the average computed.

Data were captured using Microsoft Excel and analysed with 
the Statistical Package for Social Science (SPSS) software 
(version 21). Normality of the data was assessed using the 
Shapiro-Wilk’s test and graphical inspection of the retinal 
thickness histograms. Pearson’s correlation coefficients 
were used to assess interocular symmetry and relationships 
between ocular characteristics. The results are presented in 
segments as mean ± standard deviation (s.d.). Independent 
sample t-tests were used to assess racial and gender 
differences in retinal thickness. Significance was set at the 
95% confidence level (p value ≤ 0.05).

Results
Participants’ ages ranged from 18 to 24 years with the 
mean age of the black and Indian participants being 21.08 
± 1.9 years and 21.10 ± 1.4 years respectively (p > 0.05). 
The preliminary statistical analysis revealed that macular 
retinal thickness measurements of the right and left eyes 
showed significantly high levels of symmetry. Central foveal 
thickness measurements of the right and left eyes were highly 
correlated (r = 0.906, p < 0.01). This interocular symmetry 
trend was also observed for the other eight ETDRS segments 
(all p values < 0.01). Our results are in agreement with 
previous studies which demonstrated significant interocular 

symmetry for macular retinal thickness measurements.7,14,29 
As a result of this similarity, data from only the right eyes of 
the 80 participants were analysed.

Table 1 summarises the demographic characteristics of the 
study participants. Spherical equivalent refractions ranged 
from -0.25 D to -8.25 D for all participants. The spherical 
equivalent refractions ranged from -0.25 D to -4.25 D and 
-0.25 D to -8.25 D for the black (n = 40) and Indian (n = 40) 
participants respectively. Axial length measurements ranged 
from 21.14 mm to 25.92 mm. Indian participants were on 
average significantly more myopic with steeper corneal 
powers than were black participants. Black participants 
had lower intraocular pressures, longer axial lengths 
and thinner central foveal thickness measurements than 
Indian participants. However, these differences in ocular 
characteristics were not statistically significant (Table 1). 

Source: Modified screen shot of a participant’s results with the optical coherence tomography device.

FIGURE 1: Retinal map display showing the mean retinal thickness (µm) in each of the nine segments of the Early Treatment Diabetic Retinopathy Study macular map.

TABLE 1: Means and standard deviations for age and ocular characteristics of 
the black (n = 40) and Indian (n = 40) myopic participants.

Age and ocular characteristics Black Indian

Age (years) 21.08 ± 1.9 21.10 ± 1.4
Spherical equivalent (D) -1.48 ± 1.1 -2.42 ± 2.2†
Intraocular pressure (mmHg) 13.23 ± 1.9 13.68 ± 1.5
Corneal power: K1 (D) 42 ± 1.8 43 ± 1.5†
Corneal power: K2 (D) 43 ± 1.6 44 ± 1.3†
Axial length (mm) 23.35 ± 0.7 23.18 ± 0.9
Central foveal thickness (µm) 238 ± 28 243 ± 18
†, p value ≤ 0.05, independent sample t-test.
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Axial length was significantly associated with spherical 
equivalent (r = -0.35, p < 0.05). Central foveal thickness 
showed no significant correlation with spherical equivalent 
(r = -0.14, p > 0.05) or axial length (r = 0.09, p > 0.05). Also, 
intraocular pressure was not correlated with central foveal 
thickness (r = 0.08, p > 0.05).

Table 2 presents the retinal thickness measurements stratified 
for race and gender. The central foveal region was thinnest 
followed by the perifoveal region, with the parafoveal region 
being thickest in both race and gender groups. The central 
foveal thickness in black participants was 238 µm compared 
with 243 µm in Indian participants (p = 0.06). Indian participants 
had thicker parafoveal thickness measurements than black 
participants in all quadrants except temporal (Table 2). 
This thickness difference in the parafoveal region ranged 
between 2 µm and 4 µm and was found to be insignificant  
(p > 0.05). Within the parafoveal region, the temporal quadrant  
was thinnest and had an equal measurement (296 µm) for both 
black and Indian participants. Black participants had thicker 
perifoveal thickness measurements than Indian participants 
in all four quadrants. Within the perifoveal region, the 
thickness difference ranged between 3 µm and 11 µm with 
only the superior (p < 0.05) and temporal (p < 0.05) quadrants 
showing statistical significance (Table 2). In both races, the 
superior and nasal quadrants were thicker than the inferior 
and temporal for the parafoveal and perifoveal regions.

The central foveal thickness in female participants was 9 µm 
thinner than that of male participants (236 µm versus  
245 µm, p > 0.05). Furthermore, male participants had 
slightly thicker parafoveal and perifoveal thickness 
measurements in all quadrants than female participants; but 
only the parafoveal nasal and perifoveal superior quadrants 
with thickness differences of 13 µm and 11 µm respectively 
reached statistical significance (p < 0.05). In the parafoveal 
region, the nasal and superior quadrants were thickest for 
male and female participants respectively, with the temporal 
quadrant being the thinnest. In the perifoveal region, the 
nasal and temporal quadrants were the thickest and thinnest 
respectively for both male and female participants.

Discussion
In the present study, it was found that retinal thickness varies 
between black and Indian myopic students at UKZN. Black 

participants had slightly reduced central foveal thickness 
compared with Indian participants (238 µm versus 243 µm) 
but the difference was not statistically significant (p = 0.06) 
although nearly so. Racial differences in foveal retinal 
thickness measurements have been reported in previous 
studies.7,13,15,16,41 Asefzadeh et al.13 reported thinner foveal 
retinal thickness in black (204 µm) than in white people  
(228 µm). Kashani et al.15 reported a similar trend with reduced 
central foveal thickness in African-American (181 µm) 
compared with white (200 µm) and Hispanic people  
(195 µm). Grover et al.16 showed significantly higher retinal 
foveal thickness measurements in both white (273 µm) 
and Asian people (280 µm) than in black (257 µm) people. 
Wagner-Schuman et al.7 found significantly reduced 
foveal retinal thickness measurements in African/African-
American (245 µm) compared with white people (266 µm). 
This trend was consistent with the finding of Harb et al.41 
who also demonstrated significantly thinner foveal thickness 
in African-American (242 µm) than in white (260 µm) and 
Hispanic people (251 µm).

The exact reason for retinal thickness measurements varying 
with race is unknown. However, Chauhan and Marshall42 
suggested that it may be related to varying amounts of 
melanin present in the retinal pigment epithelium in the 
different race groups. Melanin is known to absorb light43 
which alters the reflected light signal as interpreted by the 
OCT software. It has been suggested that higher amounts 
of melanin in darkly pigmented individuals weaken the 
OCT light signal and therefore results in reduced retinal 
thickness measurements.42 An alternative explanation 
for these differences in retinal thickness may be related 
to the characteristics (depth and diameter) of the foveal 
pit.7 Wagner-Schuman et al.7 found that African/African-
American people had significantly deeper foveal pits  
(15 µm) and wider foveal diameters (190 µm) than those of 
white people. The researchers further proposed that these 
structural differences may account for the retinal thickness 
differences observed in different race groups.7 However, 
further research studies are needed to validate these claims 
to confirm precisely which retinal layers and characteristics 
may be involved.

The central retinal thickness measurements found in the 
present study are different from previous studies obtained 
using other OCT devices on other Indian and black 

TABLE 2: Retinal thickness (µm) in each Early Treatment Diabetic Retinopathy Study segment by race and gender indicated with means.

Macular region ETDRS quadrant Black (n = 40) Indian (n = 40) Male participants (n = 40) Female participants (n = 40)

Central foveal region (1 mm ring) - 238 243 245 236
Parafoveal region (3 mm ring) Superior 310 312 314 308

Inferior 305 308 310 303
Nasal 309 313 318 305†
Temporal 296 296 300 292

Perifoveal region (5 mm ring) Superior 288 277† 288 277†
Inferior 275 270 273 272
Nasal 294 291 295 290
Temporal 270 259† 264 264

ETDRS, Early Treatment Diabetic Retinopathy Study.
†, p value ≤ 0.05, independent sample t-test.
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populations. In the present study, using the iVue 100 OCT 
device, the central foveal thickness for black participants was 
238 µm which is much higher than that found in other black 
populations14,15 scanned with the OCT3 device. In contrast, 
Gover et al.16 examined 50 black adults with the Spectralis 
OCT and showed central foveal thickness to be 257 µm. In 
the present study, central foveal thickness for Indians was 
243 µm which is greater than that reported for other Indian 
populations.3,19 Adhi et al.3 found central foveal thickness 
measurements of 229 µm using a Topcon OCT device. In 
another study, Tewari et al.19 investigated retinal thickness in 
170 Indian people and reported measurements of 181 µm for 
the central fovea.

This difference in retinal thickness found in the present study 
between black and Indian participants versus other similar 
populations may be the result of various factors. Differences 
in study methodologies, especially regarding the type of OCT 
devices and scan protocols, used to measure retinal thickness 
could account for the variation observed. Several studies5,6,44 
caution against comparing retinal thickness measurements 
across studies as OCT devices use differing algorithms to 
automatically detect the outer and inner boundaries used 
to measure retinal thickness. The inner limiting membrane 
is used as the inner boundary in all OCT devices45 whilst 
the outer boundary varies, depending on the OCT device 
software. For example, the iVue OCT device defines the 
retinal pigment epithelium as the outer boundary whilst 
the Stratus OCT delineates the junction of the inner and 
outer segments (OS/IS) of the photoreceptors as the outer 
boundary.5,6,46 It is also possible that the newer OCT systems 
demonstrate varying retinal thickness measurements because 
of improved resolution and scanning speeds.5,6

For both black and Indian people, it was noted the central 
fovea was the thinnest, followed by the perifovea, with 
the parafovea being the thickest. The same trend has 
been reported by many studies that have used OCT 
technology to measure retinal thickness in Norwegian,47 
British,48 Chinese,49,50 Korean,17 Pakistani3 and Bulgarian45 
populations. The central fovea is thinner than the 
surrounding retina (parafoveal and perifoveal regions) 
owing to the anatomical arrangement of retinal layers, with 
the thickness of the central fovea not including the retinal 
nerve fiber layer. The temporal and nasal quadrants were 
thinnest and thickest respectively for the perifoveal region 
which is consistent with reports from other studies.5,17,49,50 
Mitkova-Hristova and Konareva-Kostyaneva45 suggested 
that the arrangement of fibres in the papillo-macular region 
may account for this trend in quadrant retinal thickness 
measurements.

In the present study, male participants had higher retinal 
thickness measurements in all nine ETDRS segments than 
female participants. This gender-related difference in 
retinal thickness is consistent with reports from previous 
studies3,12,14,15,17,18 which suggest the influence of gender 
on retinal thickness. The present study’s results are in 

contrast to some studies that have reported no difference in 
retinal thickness measurements between male and female 
participants.5,16,51 A possible explanation for this inconsistency 
could be the small sample sizes associated with these studies 
that reported no gender differences in retinal thickness 
measurements. Grover et al.16 measured retinal thickness 
on 50 participants (26 male and 24 female) with a Spectralis 
OCT. Sull et al.5 measured retinal thickness on 40 participants 
(21 male and 19 female) with a Stratus OCT. Chan et al.51 
measured retinal thickness on 37 participants (11 male and 26 
female) with an OCT3 device. By virtue of the small sample 
sizes, these studies might have had insufficient power to 
detect differences in retinal thickness between male and 
female participants. Further analysis of the results reported 
in these studies revealed retinal thickness differences of 3 µm 
and 8 µm between male and female participants, which is 
similar to the results observed in the present study (average 
thickness difference of 7 µm).

The relationship between refractive error and central foveal 
thickness is inconsistent as contradictory results have been 
reported in the literature. Some studies14,17,19,49 have found that 
myopic refractive error has no effect on retinal thickness whilst 
other studies30,41,52,53 have reported significant correlations. 
The present study is in agreement with the former group of 
studies and found no relationship between myopic refractive 
error and retinal thickness. Previous studies30,41,52,53 which 
have found significant correlations between retinal thickness 
and myopic refractive error have reported greater mean 
spherical equivalents. Sato et al.30 measured retinal thickness 
with a Spectralis OCT and reported a mean refractive error 
of -3.30 D. Harb et al.41 measured retinal thickness with a 
RTVue OCT and reported a mean refractive error of -5 D. Wu 
et al.52 measured retinal thickness with a third-generation 
OCT and reported a mean refractive error of -9.27 D. Since 
the mean spherical equivalent in this study was found to be 
considerably smaller (-1.95 D), this may account for the lack 
of relationship observed compared with other studies.

It is theorised that eyes with longer axial lengths (myopic 
refractive errors) have thinner retinal measurements than 
do emmetropic eyes.54,55 In the present study, we found 
that axial length had no effect on central foveal thickness. 
This is consistent with the findings of previous studies14,17,56 
that also report no relationship. In the present study, no 
significant correlation between intraocular pressure and 
retinal thickness in the central foveal (r = 0.08; p = 0.47) or any 
quadrant in the parafoveal and perifoveal regions (r = 0.01–
0.19; p = 0.09–0.90) was found. This finding is consistent with 
those of previous studies14,18,49 and is most likely because of 
the inclusion of only healthy non-glaucomatous participants. 
Hess et al.57 reported that the central retina is not affected 
in healthy individuals in comparison with glaucomatous 
individuals.

Strengths of the present study include the use of a cohort 
of young, healthy, myopic adults with an even distribution 
of age and gender and standardised retinal thickness, 
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spectacle refraction and axial length measurement protocols. 
The Fourier/spectral domain OCT device used an internal 
fixation target to minimise errors caused by off-centre 
fixation resulting in falsely elevated central foveal thickness. 
Possible limitations of the study include participants’ self-
reporting of race and the inclusion of only two race groups. 
Limiting the age range of participants implies that the results 
may not be generalised to older or younger individuals, and 
the effect of age on retinal thickness measurements could 
not be studied. Lastly, the low range of axial lengths and 
spherical equivalents is a possible limitation; it is therefore 
recommended that future studies include individuals with 
higher degrees of myopia. The sample in the present study 
was also fairly small and future studies should attempt to 
increase the sample size.

The results of the study are important and may help to further 
understand the high prevalence of certain retinal diseases in 
specific gender and race groups. For example, females are 
at higher risk of developing macular holes.58 The gender 
predilection of macular holes may be attributed to thinner 
retinal thickness measurements in females than in males. 
In South Africa, diabetes is more prevalent among Indian 
than black people,59 even though the latter are more likely 
to develop diabetic retinopathy.26,60 The racial predilection 
of diabetic retinopathy may be attributed to thinner retinal 
thickness in black than in Indian individuals. However, 
future longitudinal studies are needed to investigate these 
claims.

Conclusion
The present study used Fourier/spectral domain OCT 
to demonstrate racial and gender differences in retinal 
thickness measurements. The retinal thickness measurements 
obtained in this study are comparable to some studies 
but differ from other studies using OCT technology. The 
present study is believed to be the first published research 
to provide retinal thickness (macular) measurements in 
black and Indian individuals of South African origin. As 
diagnosis of retinal abnormalities, by OCT, depends on 
comparison with normative values, the study is relevant in 
that it reports baseline data from healthy individuals within 
these populations. It is suggested that optometrists and 
ophthalmologists consider these differences when evaluating 
black and Indian individuals with retinal diseases.
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