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

Method: Eighty (40 black and 40 Indian) participants of both genders and aged between 
19 and 24 years (mean and standard deviation: 21 ± 1.7 years) were included in the study. 
Refractive errors were assessed with the Nidek AR-310A auto-refractor and via subjective 
refraction. RNFL thicknesses were then measured using the iVue-100 optical coherence 
tomography device. Axial lengths were measured with the Nidek US-500 A-scan ultrasound 
device. Data were analysed by descriptive statistics, t-tests, Pearson’s correlation coefficients 
and regression analysis.

Results: The mean myopic spherical equivalent was significantly more negative amongst the 
Indian (-2.42 D ± 2.22 D) than amongst the black (-1.48 D ± 1.13 D) (p = 0.02) participants. 
The mean axial length was greater amongst the black (23.35 mm ± 0.74 mm) than amongst the 
Indian (23.18 mm ± 0.87 mm) participants but the difference was not significant. In the total 
sample (n = 80), the average global RNFL thickness ranged from 87 µm to 123 µm (105 µm ± 
9 µm). Mean global RNFL thickness was slightly greater amongst black (108 µm ± 7 µm) than 
amongst Indian (102 µm ± 9 µm) (p = 0.00) participants. Mean global RNFL thickness was 
similar for male (106 µm ± 7 µm) and female (105 µm ± 10 µm) (p = 0.79) participants.  
A positive and significant association between myopic spherical equivalent and global RNFL 
thickness was found for the total sample (r = 0.36, p = 0.00) and for Indians (r = 0.33, p = 0.04) 
but not for the black (r = 0.25, p = 0.13) participants. There was a negative and significant 
correlation between axial length and global RNFL thickness amongst the Indian participants 
(r = -0.34, p = 0.03) but not amongst the total sample (r = -0.12, p = 0.30) or the black (r = 0.06,  
p = 0.73) participants.

Conclusion: The findings suggest that racial differences in RNFL thickness need to be 
considered in the clinical examination and screening for glaucoma and other optic nerve 
pathologies amongst black and Indian people. Additionally, the possible influences of 
refractive error and axial length should be considered when evaluating RNFL thickness.
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Introduction
Glaucoma is the second leading cause of global blindness;1 it is estimated that 60 million people are 
affected by this optic neuropathy.2 The prevalence of glaucoma varies in different racial groups; 
primary open angle glaucoma is more prevalent amongst black African people, whilst angle 
closure glaucoma is more common amongst Asian people.2,3 Glaucoma results in progressive 
damage to the retinal ganglion cells4 and produces structural defects as well as thinning of the 
retinal nerve fibre layer (RNFL).5,6 Anomalies of the RNFL precede visual field defects,7,8 therefore 
assessment of the RNFL is important in the screening and monitoring of glaucoma.9 There are 
various methods for imaging and clinically assessing the RNFL, including fundus photography, 
scanning laser polarimetry, confocal scanning laser ophthalmoscopy and optical coherence 
tomography.6,9,10,11

Optical coherence tomography (OCT) is an imaging technology, first described in 1991,12 that is 
commonly used in the clinical imaging and quantitative assessment of ocular structures.6 OCT 
works on a similar principle to ultrasonography except that light instead of sound waves are 
measured. In OCT, low-coherence interferometry is used to examine the reflected light waves 
and create a cross-sectional image (tomogram) of the tissue of interest. In retinal tomograms, 
the RNFL appears as a highly reflective layer owing to the perpendicular arrangement of fibres 
in relation to the direction of the OCT light beam.6 This feature allows the borders of the RNFL 
to be automatically detected and its thickness measured using computer algorithms.13 Several 
studies have reported OCT devices as reliable instruments for repeated measurements of RNFL 
thickness.14,15,16,17
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RNFL thickness has been measured in various racial  
groups.18,19,20,21,22,23,24,25,26 White subjects have been reported 
to have thinner RNFLs than those of black11,18 or Asian.19,27 
However Alasil et al. found no difference in RNFL thickness 
between white and African-American subjects,27 and Pilat et 
al. found no difference between white and Indian subjects.28 
Additionally, similar RNFL measurements have been 
reported19,20,24,25,27 for male and female participants. Limited 
information is available on the ethnic variation for RNFL 
thickness in the South African population. Therefore, the 
present study was conducted to compare RNFL thickness in 
a healthy non-glaucomatous population of myopic black and 
Indian students.

Methodology
The study was approved by the Research and Higher 
Degrees Committee of the School of Health Sciences, 
University of KwaZulu-Natal, South Africa, and all 
ethical guidelines were adhered to during the study. The 
study location was the University of KwaZulu-Natal’s 
Westville campus. Black and Indian populations were 
selected for the study as they represent the two major 
student groups at the study location. After obtaining 
ethical clearance, a pilot study was conducted on 10 
participants to standardise the data collection procedure. 
A convenience sampling method was used to recruit the 
80 South African black and Indian students included in the 
study. An equal number of men and women in both ethnic 
groups participated. All participants were aged between 
18 and 24 years so as to minimise the effect of age on RNFL 
thickness measurements. Age is considered to have a 
significant effect on RNFL thickness measurements with 
many studies11,27,29 reporting a decrease in RNFL thickness 
with increasing age. The reduction in RNFL thickness is 
presumably caused by the physiological loss of ganglion 
cell axons throughout life.11

Written informed consent was obtained from each 
participant after the nature of the study procedures had 
been explained. All participants underwent a complete 
ocular examination including a review of ocular and 
medical history, visual acuity testing, slit lamp examination, 
ophthalmoscopy and intraocular pressure measurement 
using the Nidek NT530P Tonopachy. This has been reported 
as a reliable instrument in comparison with the clinical 
gold-standard Goldmann applanation tonometer.30 Both 
autorefraction (with the Nidek AR-310A) and subjective 
refraction were performed on all participants to determine 
their refractive errors. Autorefraction was performed to 
obtain the baseline refractive error that was subsequently 
refined using subjective refraction. The subjective refraction 
errors were used to determine the relevant spherical 
equivalents. Participants with any sign of ocular pathology, 
history of ocular surgery, ocular trauma or systemic 
disease, intraocular pressure ≥ 21 mmHg, or hyperopia or 
emmetropia were excluded. Corneal power and axial length 
were measured using the Oculus Keratograph and Nidek 
US-500 respectively.

All OCT scans were captured with the iVue-100 (Optovue, 
Inc.) OCT device. This spectral domain OCT device has a 
scanning rate of 26000 A-scan/s and axial resolution of 5 µm. 
The optic nerve head scanning protocol in the iVue-100 was 
used to determine the RNFL thickness. RNFL thickness is 
measured along a circle of 3.45 mm diameter centred on the 
optic disc. This scan determines the global RNFL thickness 
as well as the average RNFL thickness in the superior 
(46° – 135°), nasal (136° – 225°), inferior (226° – 315°) and 
temporal (316° – 45°) quadrants. Three consecutive readings 
for RNFL thickness were taken and averages computed. 
Repeat scans were taken if the signal strength of the scan was 
less than 40 or indicated as poor on the display, according 
to the manufacturer’s recommendations.31 The subjective 
refractions, OCT scans and axial length measurements were 
performed by one clinician each to ensure standardisation of 
test procedures and results. Data were captured and analysed 
using the Statistical Package for the Social Sciences (SPSS), 
version 21. The Shapiro-Wilk’s test was used to evaluate 
the normality of the distributions of the data. Summary 
statistics such as means and standard deviations were used 
to detail the results. Independent sample t-tests were used to 
compare mean RNFL thickness in the two ethnic groups and 
between the two genders. Pearson’s correlation coefficients 
were used to determine correlations between the study 
variables. Linear regression analysis was used to assess the 
relationship between myopic spherical equivalent and axial 
length on RNFL thickness. A probability (p) value < 0.05 was 
considered to be statistically significant.

Results
The right eyes only of the 80 participants were analysed. The 
ages of the 40 black participants ranged from 19 to 24 years 
(21.08 ± 1.90 years) and those of the 40 Indian participants 
ranged from 19 to 24 years (21.10 ± 1.41 years). Table 1 
shows  the demographic and ocular characteristics of the 
participants according to the two ethnic groups. The myopic 
spherical equivalent for black participants ranged from 
-0.25 D to -4.25 D (-1.48 D ± 1.13 D). The myopic spherical 
equivalent for Indian participants ranged from -0.25 D to  
-8.13 D (-2.42 D ± 2.22 D). The mean myopic spherical equivalent 
was significantly greater in Indian than in black participants 
(p = 0.02). The mean axial length for black participants was 
23.35 mm ± 0.74 mm, with a range of 21.14 mm to 24.87 mm. 
The mean axial length for Indian participants was 23.18 mm 
± 0.87 mm, with a range of 21.50 mm to 25.92 mm. The 
mean axial length was 0.2 mm longer in Indian than in black 
participants, although this difference was not statistically 
significant (p = 0.33). A significant correlation was found 

TABLE 1: Means and standard deviations for demographic and ocular 
characteristics of the black (n = 40) and Indian (n = 40) ethnic groups.

Demographic and ocular characteristics Black (n = 40) Indian (n = 40)

Age (years) 21.08±1.9 21.10±1.4
Spherical equivalent -1.48±1.13 -2.42±2.22
Axial length (mm) 23.35±0.74 23.18±0.87
Horizontal corneal power (D) 42.08±1.83 43.05±1.53
Vertical corneal power (D) 43.29±1.62 43.96±1.35 
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between the myopic spherical equivalent and axial length for 
Indian participants only (r = -0.54, p = 0.00) but not for black 
participants (r = -0.08, p = 0.62). The corneal powers were 
significantly greater amongst Indian than black participants 
for both the horizontal (p = 0.01) and vertical meridians  
(p = 0.05).

The average global RNFL of all the participants (n = 80) 
ranged from 87 µm to 123 µm (105 µm ± 9 µm). The means 
and standard deviations for global RNFL thicknesses and the 
RNFL thicknesses in each quadrant for the two ethnic groups 
are shown in Table 2. The mean global RNFL thickness was 
significantly greater in black than in Indian participants  
(p = 0.00). For each quadrant, the RNFL thickness was greater 
in black than Indian participants, but the difference was only 
significant in the superior (p = 0.00) and inferior (p = 0.01) 
quadrants. In both black and Indian participants, the inferior 
quadrant was the thickest, followed by the superior, nasal 
and temporal quadrants (Figure 1).

The global mean RNFL thickness was slightly higher in male 
(106 µm ± 7 µm) than in female participants (105 µm ± 10 µm) 
(p = 0.79). The RNFL thickness was slightly greater in female 
than in male participants in all quadrants except the inferior 
(Table 3) but these gender differences were not statistically 
significant (all p values >0.05).

Significant positive correlations were found between 
myopic spherical equivalent and RNFL thickness in the 
superior (r = 0.39, p = 0.00), inferior (r = 0.27, p = 0.02) and 

nasal (r = 0.32, p = 0.00) quadrants. Myopic spherical 
equivalent was inversely correlated with RNFL thickness in 
the temporal quadrant, but this correlation was weak and 
insignificant (r = -0.15, p = 0.18). Axial length was inversely 
correlated with RNFL thickness in all quadrants (Table 4) 
but the relationship was significant only in the nasal 
quadrant (r = -0.26, p = 0.02).

The association between myopic spherical equivalent and 
global RNFL thickness was positive but inconsistent as 
the association was significant in the total sample (r = 0.36,  
p = 0.00) and in Indian (r = 0.33, p = 0.04) but not in black 
participants (r = 0.25, p = 0.13). A scatter plot (Figure 2) 
shows the relationship between spherical equivalent and 
global RNFL for the two ethnic groups. From the regression 
line equation for the total sample, for every 1 D increase in 
spherical equivalent, global RNFL thickness will decrease by 
1.71 µm.

Axial length was inversely and inconsistently associated 
with global RNFL thickness in the total sample (r = -0.12,  
p = 0.30) but, for Indian participants, an inverse and 
significant association was found (r = -0.34, p = 0.03). 
However, in black participants, axial length was not 
associated with global RNFL thickness (r = 0.06, p = 0.73). 
Figure 3 is a scatter plot showing the relationship between 
axial length and global RNFL for the two ethnic groups. 
From the regression line equation for the total sample, 
global RNFL thickness will decrease by 1.26 µm for every 
1 mm increase in axial length.

Discussion
In the present study, RNFL measurements were compared 
in a healthy non-glaucomatous group of myopic black 
and Indian students at the University of KwaZulu-Natal. 
Ethnic variations in RNFL thickness have been reported 
previously.11,18,19,27 However, limited information is available 
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FIGURE 1: Retinal nerve fibre layer thickness for each quadrant in the black and 
Indian ethnic groups.

TABLE 2: Retinal nerve fibre layer thickness (µm) variations in black and Indian 
ethnic groups indicated with means and standard deviations.

RNFL parameter Black (n = 40) Indian (n = 40) p value†
Global 108±7 102±9 0.00‡
Superior 134±11 122±15 0.00‡
Inferior 138±14 129±17 0.01‡
Nasal 85±11 82±15 0.30
Temporal 79±24 76±9 0.46
RNFL, retinal nerve fibre layer.
†, t-test; ‡, statistically significant.

TABLE 3: Means and standard deviations for retinal nerve fibre layer thickness 
variations in male and female participants.

RNFL parameter Male (n = 40) Female (n = 40) p value†
Global 106±7 105±10 0.79
Superior 126±14 130±15 0.30
Inferior 135±15 132±18 0.51
Nasal 83±13 84±13 0.74
Temporal 76±8 80±24 0.39
RNFL, retinal nerve fibre layer.
Units are micrometres.
†, t-test.

TABLE 4: Pearson correlation analyses between retinal nerve fibre layer 
thickness and spherical equivalent and axial length in total sample.

RNFL quadrant Spherical equivalent Axial length

r value p value r value p value

Superior 0.39 0.00* -0.13 0.25
Inferior 0.27 0.02* -0.15 0.18
Nasal 0.32 0.00* -0.26 0.02*
Temporal -0.15 0.18 -0.03 0.82
N = 80.
RNFL, retinal nerve fibre layer.
*, Statistically significant.
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on the ethnic variation in RNFL thickness in the South 
African population. In the present study, the mean global 
RNFL thickness was slightly greater in black (108 µm) than 
in Indian participants (102 µm). This finding is in agreement 

with previous studies11,18,19,27 which have shown that there 
are racial variations in RNFL thickness. The exact reason 
for these racial variations in RNFL thickness is unknown; 
however, earlier studies have suggested that differences 
in optic nerve head characteristics (disc area and rim 
area)19,20,27 may account for some variations. Thinner RNFL 
thickness measurements are considered to be a predisposing 
factor for the development of glaucoma.32,33 Therefore, 
the findings of this study suggest that the South African 
Indian population might be more susceptible to glaucoma 
than the South African black population. However, future 
studies comprising larger sample sizes, involving black and 
Indian participants of South African origin and consisting 
of glaucoma specific clinical tests (intraocular pressure 
measurements, ophthalmoscopy of the optic nerve head, 
gonioscopy and visual fields) are needed to validate such a 
conclusion.

The mean global RNFL of black participants (108 µm) in the 
present study was higher than the mean values reported in 
other black populations such as 95 µm to 101 µm in African-
Americans,19,27,34 99 µm in African-Caribbeans,34 and 94 
µm in others of African descent.20 This difference may be 
because the mean age of the study samples in the studies 
concerned19,20,34 was older than that in the current study. 
Differences in study sample sizes and OCT device algorithms 
(software to detect retinal boundaries)35,36 could also account 
for the variation observed. Some studies19,27,34 included fewer 
black participants than the current study. However, this 
finding suggests that black South Africans may have thicker 
RNFLs than those of other black populations.

The mean global RNFL thickness of Indian participants  
(102 µm) in this study was comparable to four studies35,36,37,38 
in India involving Indian participants (101 µm – 105  µm). 
Furthermore, the mean RNFL thickness for Indian 
participants in the present study was similar to means 
reported in other Asian populations: 102 µm – 104 µm in 
Japanese39,40 and 101 µm in Asians.27 This finding suggests that 
Indian South Africans may have similar RNFL thicknesses 
to other Indian and Asian populations. In the present study, 
both black and Indian participants had thicker global RNFLs 
than the reported thickness values (range 80 µm – 98 µm) in 
studies11,19,26,27,41,42 involving white participants. This finding is 
consistent with previous studies11,18,19,27 where thinner RNFLs 
were reported in white participants than black and Asian 
participants.

For both the black and Indian participants, RNFL thickness 
was greatest in the inferior quadrant, followed by the 
superior, nasal and temporal. In the present study, variation 
of RNFL thickness in the different quadrants and following 
of the ’ISNT’ rule described by Jonas et al.43 is in agreement 
with previous studies.18,19,20,22,25,36,38 Accordingly, findings 
in the present study also showed the characteristic ‘double 
hump’ pattern (Figure 1) of RNFL thickness seen in non-
glaucomatous eyes with the inferior and superior quadrants 
being thicker than the nasal and temporal quadrants. 
However, this finding is in contrast to Ramakrishnan et al.35 
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where RNFL thickness was reported to be greatest in the 
superior quadrant. In Ramakrishnan et al.,35 a Stratus OCT 
3000 (Carl-Zeiss Ophthalmic Systems) was used to measure 
RNFL thickness. The Stratus OCT 3000 is a time-domain OCT 
device, which may account for the variation observed in the 
quadrant with the greatest thickness. No gender-related 
differences in global RNFL thickness were found (p = 0.79) in 
our study, which is in agreement with earlier studies.20,24,27,35,36 
Similar mean RNFL thicknesses measurements for each 
quadrant were recorded in male and female participants  
(all p values > 0.05).

Various studies19,26,27,44,45 have reported significant correla
tions between global RNFL thickness and myopic spherical 
equivalent. However, Sony et al.36 and Rao et al.25 reported no 
significant association between these two clinical variables. 
In the present study, a positive association between global 
RNFL thickness and myopic spherical equivalent was 
found. However, this association was inconsequential as 
r = 0.36 (p < 0.05) in the total sample; and r = 0.33 (p < 0.05) 
in Indian and r = 0.25 (p = 0.13) in black participants. Apart 
from the temporal quadrant, RNFL thickness decreased with 
increasing myopic spherical equivalent in all quadrants (the 
relationship between myopic spherical equivalent and RNFL 
thickness in the various quadrants is shown in Table 4).

Inconsistent results have been reported for the correlation 
between global RNFL thickness and axial length, with most 
studies19,26,33,44,45,46 reporting significant correlations, whilst 
other studies25,36,47 report no correlation. In the present study, 
axial length was significantly and negatively associated 
with global RNFL thickness in Indian participants (r = -0.34,  
p = 0.03) but insignificantly associated in the total sample  
(r = -0.12, p = 0.30). For black participants, it was found that 
global RNFL thickness was not associated with increasing 
axial length (r = 0.06, p = 0.73). The relationship between 
axial length and RNFL thickness in the various quadrants is 
shown in Table 4. RNFL thickness decreased in all quadrants 
with increasing axial lengths. Leung et al.32 suggests that such 
a reduction in RNFL thickness is because of elongation of the 
eye in myopia producing mechanical stretching and thinning 
of the retina. Furthermore, Tariq et al.46 explained that in 
eyes with longer axial lengths, the area over which the retinal 
ganglion cells are spread is larger and may result in thinner 
RNFL measurements.

The strengths of the present study include the use of a 
high-resolution spectral domain OCT device, standardised 
examination techniques, a relatively homogenous sample 
and recording of several OCT measurements per eye. 
Possible limitations include the small sample size and 
the low range of myopic spherical equivalent considered. 
However, the purpose of the study was to provide baseline 
data on RNFL thickness measurements in blacks and Indians 
of South African origin. Therefore, it is recommended that 
future studies include larger samples, use a wider range of 
myopic spherical equivalent and be extended to other South 
African ethnic groups.

Conclusion
The present study compared the RNFL thickness in black 
and Indian myopic students at the University of KwaZulu-
Natal. The findings suggest that mean global RNFL thickness 
is slightly greater in black South Africans than Indian 
South Africans. No clinically significant gender-related 
differences in global and quadrant specific RNFL thickness 
measurements were observed. Myopic spherical equivalent 
and axial length were associated with global RNFL. The 
findings suggest that the racial differences in RNFL thickness 
need to be considered in the diagnosis of glaucoma and 
other optic nerve pathologies. Additionally, the influence of 
myopic refractive error and axial length should be considered 
when evaluating RNFL thickness.

Acknowledgements
The authors thank Genop Healthcare, South Africa, for the 
loan of the Nidek AR-310A auto-refractor.

Competing interests
The authors declare that they have no financial or personal 
relationships which may have inappropriately influenced 
them in writing this article.

Authors’ contributions
P.S. (University of KwaZulu-Natal) was the study leader. 
S.J. (University of KwaZulu-Natal) and N.R. (University of 
KwaZulu-Natal) provided feedback on the study design. 
C.M. (University of KwaZulu-Natal), B.Z.G. (University of 
KwaZulu-Natal), K.P. (University of KwaZulu-Natal), B.N.M. 
(University of KwaZulu-Natal), P.S. and S.K.M. (University 
of KwaZulu-Natal) performed the data collection. P.S., C.M., 
B.Z.G., K.P., B.N.M., S.K.M. and N.R. wrote the manuscript.

References
1.	 Quigley HA, Broman AT. The number of people with glaucoma worldwide in 

2010 and 2020. Br J Ophthalmol. 2006;90:262–267. http://dx.doi.org/10.1136/
bjo.2005.081224

2.	 Cook C, Foster P. Epidemiology of glaucoma: What’s new? Can J Ophthalmol. 
2012;47:223–226. http://dx.doi.org/10.1016/j.jcjo.2012.02.003

3.	 Kosoko-Lasaki O, Gong G, Haynatzki G, Wilson MR. Race, ethnicity and prevalence 
of primary open-angle glaucoma. J Natl Med Assoc. 2006;98:1626–1629.

4.	 Almasieh M, Wilson AM, Morquette B, Cueva Vargas JL, Di Polo A. The molecular 
basis of retinal ganglion cell death in glaucoma. Prog Retin Eye Res. 2012;31:152–
181. http://dx.doi.org/10.1016/j.preteyeres.2011.11.002

5.	 Kanski JJ. Clinical ophthalmology: A systemic approach. London: Butterworth 
Heinemann; 2007.

6.	 Townsend KA, Wollstein G, Schuman JS. Imaging of the retinal nerve fiber layer 
for glaucoma. Br J Ophthalmol. 2009;93:139–143. http://dx.doi.org/10.1136/
bjo.2008.145540

7.	 Sommer A, Katz J, Quigley HA, et al. Clinically detectable nerve fiber atrophy 
precedes the onset of glaucomatous field loss. Arch Ophthalmol. 1991;109:77–83. 
http://dx.doi.org/10.1001/archopht.1991.01080010079037

8.	 Harwerth RS, Carter-Dawson L, Shen F, Smith EL, Crawford ML. Ganglion cell losses 
underlying visual field defects from experimental glaucoma. Invest Ophthalmol 
Vis Sci. 1999;40:2242–2250.

9.	 Soliman MAE, van den Berg TJTP, Ismaeil AA, de Jong LAMS, de Smet MD. Retinal 
nerve fiber layer analysis: Relationship between optical coherence tomography 
and red-free photography. Am J Ophthalmol. 2002;133:187–195. http://dx.doi.
org/10.1016/S0002-9394(01)01340-X

10.	Greaney MJ, Hoffman DC, Garway-Heath DF, Nakla M, Coleman AL, Caprioli J. 
Comparison of optic nerve imaging methods to distinguish normal eyes from 
those with glaucoma. Invest Ophthalmol Vis Sci. 2002;43:140–145.

http://www.avehjournal.org
http://dx.doi.org/10.1136/bjo.2005.081224
http://dx.doi.org/10.1136/bjo.2005.081224
http://dx.doi.org/10.1016/j.jcjo.2012.02.003
http://dx.doi.org/10.1016/j.preteyeres.2011.11.002
http://dx.doi.org/10.1136/bjo.2008.145540
http://dx.doi.org/10.1136/bjo.2008.145540
http://dx.doi.org/10.1001/archopht.1991.01080010079037
http://dx.doi.org/10.1016/S0002-9394(01)01340-X
http://dx.doi.org/10.1016/S0002-9394(01)01340-X


http://www.avehjournal.org doi:10.4102/aveh.v74i1.24

Page 6 of 6 Original Research

11.	Poinoosawmy D, Fontana L, Wu JX, Fitzke FW, Hitchings RA. Variation of nerve 
fibre layer thickness measurements with age and ethnicity by scanning laser 
polarimetry. Br J Ophthalmol. 1997;81:350–354. http://dx.doi.org/10.1136/
bjo.81.5.350

12.	Huang D, Swanson EA, Lin CP, et al. Optical coherence tomography. Science. 
1991;254:1178–1181. http://dx.doi.org/10.1126/science.1957169

13.	Ishikawa H, Piette S, Liebmann JM, Ritch R. Detecting the inner and outer borders 
of the retinal nerve fiber layer using optical coherence tomography. Graefe Arch 
Clin Exp Ophthalmol. 2002;240:362–371. http://dx.doi.org/10.1007/s00417-002-
0461-3

14.	Gürses-Özden R, Teng C, Vessani R, Zafar S, Liebmann JM, Ritch R. Macular and 
retinal nerve fiber layer thickness measurement reproducibility using optical 
coherence tomography (OCT-3). J Glaucoma. 2004;13:238–244. http://dx.doi.
org/10.1097/00061198-200406000-00012

15.	González-Garcia AO, Vizzeri G, Bowd C, Medeiros FA, Zangwill LM, Weinreb 
RN. Reproducibility of RTVue retinal nerve fiber layer thickness and optic disc 
measurements and agreement with Stratus optical coherence tomography 
measurements. Am J Ophthalmol. 2009;147:1067–1074. http://dx.doi.org/ 
10.1016/j.ajo.2008.12.032

16.	Garas A, Tóth M, Vargha P, Holló G. Comparison of repeatability of retinal nerve 
fibre layer thickness measurement made using the RTVue Fourier-domain optical 
coherence tomograph and the GDx scanning laser polarimeter with variable or 
enhanced corneal compensation. J Glaucoma. 2010;19:412–417. http://dx.doi.
org/10.1097/IJG.0b013e3181bdb549

17.	Vizzeri G, Weinreb RN, Gonzalez-Garcia AO, et al. Agreement between spectral-
domain and time-domain OCT for measuring RNFL thickness. Br J Ophthalmol. 
2009;93:775–781. http://dx.doi.org/10.1136/bjo.2008.150698

18.	Girkin CA, Sample PA, Liebmann JM, et al. African descent and glaucoma 
evaluation study: II. Ancestry differences in optic disc, retinal nerve fiber layer, 
and macular structure in health subjects. Arch Ophthalmol. 2010;128:541–550. 
http://dx.doi.org/10.1001/archophthalmol.2010.49

19.	Budenz DL, Anderson DR, Varma R, et al. Determinants of normal retinal nerve 
fibre layer thickness measured by Stratus OCT. Ophthalmology. 2007;114: 
1046–1052. http://dx.doi.org/10.1016/j.ophtha.2006.08.046

20.	O’Rese JK, Girkin CA, Budenz DL, Durbin MK, Feuer WJ. Effect of race, age, and 
axial length on optic nerve head parameters and retinal nerve fiber layer thickness 
measured by Cirrus HD-OCT. Arch Ophthalmol. 2012;130:312–318. http://dx.doi.
org/10.1001/archopthalmol.2011.1576

21.	Kim TW, Park KH, Kim DM. An unexpectedly low Stratus optical coherence 
tomography false-positive rate in the non-nasal quadrants of Asian eyes: Indirect 
evidence of differing retinal nerve fibre layer thickness profiles according 
to ethnicity. Br J Ophthalmol. 2008;92:735–739. http://dx.doi.org/10.1136/
bjo.2007.129502

22.	Peng PH, Lin HS. Retinal nerve fiber layer thickness measured by optical 
coherence tomography in non-glaucomatous Taiwanese. J Formos Med Assoc. 
2008;107:627–634. http://dx.doi.org/10.1016/S0929-6646(08)60180-1

23.	Ojima T, Tanabe T, Hangai M, Yu S, Morishita S, Yoshimura N. Measurement of 
retinal nerve fiber layer thickness and macular volume for glaucoma detection 
using optical coherence tomography. Jpn J Ophthalmol. 2007;51:197–203.  
http://dx.doi.org/10.1007/s10384-006-0433-y

24.	Girkin CA, McGwin G, Sinai MJ, et al. Variation in optic nerve and macular 
structure with age and race with spectral-domain optical coherence 
tomography. Ophthalmology. 2011;118:2403–2408. http://dx.doi.org/10.1016/j.
ophtha.2011.06.013

25.	Rao HL, Kumar AU, Babu JG, Kumar A, Senthil S, Garudadri CS. Predictors of 
normal optic nerve head, retinal nerve fiber layer, and macular parameters 
measured by spectral domain optical coherence tomography. Invest Ophthalmol 
Vis Sci. 2011;52:1103–1110. http://dx.doi.org/10.1167/iovs.10-5997

26.	Bendschneider D, Tornow RP, Horn FK, et al. Retinal nerve fiber layer thickness 
in normals measured by spectral domain OCT. J Glaucoma. 2010;19:475–482.  
http://dx.doi.org/10.1097/IJG.0b013e3181c4b0c7

27.	Alasil T, Wang K, Keane PA, et al. Analysis of normal retinal nerve fiber layer thickness 
by age, sex, and race suing spectral domain optical coherence tomography. J 
Glaucoma. 2013;22:532–541. http://dx.doi.org/10.1097/IJG.0b013e318255bb4a

28.	Pilat AV, Proudlock FA, Mohammad S, Gottlob I. Normal macular structure 
measured with optical coherence tomography across ethnicity. Br J Ophthalmol. 
2014;98:941–945. http://dx.doi.org/10.1136/bjophthalmol-2013-303119

29.	Hougaard JL, Ostenfeld C, Heijl A, Bengtsson B. Modelling the normal retinal 
nerve fibre layer thickness as measured by Stratus optical coherence tomography. 
Graefe Arch Clin Exp Ophthalmol. 2006;12:1607–1614. http://dx.doi.org/10.1007/
s00417-006-0372-9

30.	Mashige KP, Rampersad N, Jhetam S, Govender P. Short-term variation in central 
corneal thickness and intraocular pressure using the tonopachymeter NT530P 
tonopachymeter (TonopachyTM). S Afr Optom. 2012;71:12–21.

31.	Optovue Inc. iVue-100 user’s manual version 2.6. c2011 [cited 01 March 2012]. 
Available from: http://license.optovue.com/CommonFolder/3360/Optovue/580-
44218-008_A.pdf

32.	Leung CKS, Mohamed S, Leung KS, et al. Retinal nerve fiber layer measurements 
in myopia: An optical coherence tomography study. Invest Ophthalmol Vis Sci. 
2006;47:5171–5176. http://dx.doi.org/10.1167/iovs.06-0545

33.	Öner V, Aykut V, Taş M, Alakuş MF, Işcan Y. Effect of refractive status on 
peripapillary retinal nerve fibre layer thickness: A study by RTVue spectral domain 
optical coherence tomography. Br J Ophthalmol. 2013;97:75–79. http://dx.doi.
org/10.1136/bjophthalmol-2012-301865

34.	Rao R, Dhrami-Gavazi E, Al-Aswad L, Ciarleglio A, Cioffi GA, Blumberg DM. Optic 
nerve head and retinal nerve fiber layer differences between Caribbean black and 
African American patients as measured by spectral domain OCT. J Glaucoma. 17 
Oct. 2013. Epub ahead of print. http://dx.doi.org/10.1097/IJG.0000000000000010

35.	Ramakrishnan R, Mittal S, Ambatkar S, Kader MA. Retinal nerve fibre thickness 
measurements in normal Indian population by optical coherence tomography. Ind 
J Ophthalmol. 2006;54:11–15. http://dx.doi.org/10.4103/0301-4738.21608

36.	Sony P, Sihota R, Tewari HK, Singh VR. Quantification of the retinal nerve fibre 
layer thickness in normal Indian eyes with optical coherence tomography. Ind J 
Ophthalmol. 2004;52:303–309.

37.	Malik A, Singh M, Arya SK, Sood S, Ichhpunjani P. Retinal nerve fiber layer 
thickness in Indian eyes with optical coherence tomography. Nepal J Ophthalmol. 
2012;4:59–63. http://dx.doi.org/10.3126/nepjoph.v4i1.5852

38.	Gyatsho J, Kaushik S, Gupta A, Pandav SS, Ram J. Retinal nerve fiber layer thickness 
in normal, ocular hypertensive, and glaucomatous Indian eyes: An optical 
coherence tomography study. J Glaucoma. 2008;17:122–127. http://dx.doi.
org/10.1097/IJG.0b013e31814b9817

39.	Oshitari T, Hanawa K, Adachi-Usami E. Macular and retinal nerve fibre layer 
thickness in Japanese measured by Stratus optical coherence tomography. Clin 
Ophthalmol. 2007;1:133–140.

40.	Hirasawa H, Tomidokoro A, Araie M, et al. Peripapillary retinal nerve fiber 
layer thickness determined by spectral-domain optical coherence tomography 
in ophthalmologically normal eyes. Arch Ophthalmol. 2010;128:1420–1426.  
http://dx.doi.org/10.1001/archophthalmol.2010.244

41.	Medeiros FA, Zangwill LM, Bowd C, Weinreb RN. Comparison of the GDx VCC 
scanning laser polarimeter, HRT II confocal scanning laser ophthalmoscope, 
and Stratus OCT optical coherence tomography for the detection of 
glaucoma. Arch Ophthalmol. 2004;122:827–837. http://dx.doi.org/10.1001/
archopht.122.6.827

42.	Medeiros FA, Zangwill LM, Bowd C, Vessani RM, Susanna Jr R, Weinreb RN. 
Evaluation of retinal nerve fiber layer, optic nerve head, and macula thickness 
measurements for glaucoma detection using optical coherence tomography. Am J 
Ophthalmol. 2005;139:44–55. http://dx.doi.org/10.1016/j.ajo.2004.08.069

43.	Jonas JB, Gusek GC, Naumann GO. Optic disc, cup and neuroretinal rim size, 
configurations and correlations in normal eyes. Invest Ophthalmol Vis Sci. 
1988;29:1151–1158.

44.	Rauscher FM, Sekhon N, Feuer WJ, Budenz, DL. Myopia affects retinal nerve 
fiber layer measurements as determined by optical coherence tomography. J 
Glaucoma. 2009;18:501–505. http://dx.doi.org/10.1097/IJG.0b013e318193c2be

45.	Kang SH, Hong SW, Im SK, Lee SH, Ahn MD. Effect of myopia on the thickness of the 
retinal nerve fiber layer measured by Cirrus HD optical coherence tomography. 
Invest Ophthalmol Vis Sci. 2010;51:4075–4083. http://dx.doi.org/10.1167/
iovs.09-4737

46.	Tariq Y, Samarawickrama C, Pai A, Burlutsky G, Mitchell P. Impact of ethnicity on 
the correlation of retinal parameters with axial length. Invest Ophthalmol Vis Sci. 
2010;51:4977–4982. http://dx.doi.org/10.1167/iovs.10-5226

47.	Hoh ST, Lim MCC, Seah SKL, et al. Peripapillary retinal nerve fiber layer thickness 
variations with myopia. Ophthalmology. 2006;113:773–777. http://dx.doi.
org/10.1016/j.ophtha.2006.01.058

http://www.avehjournal.org
http://dx.doi.org/10.1136/bjo.81.5.350
http://dx.doi.org/10.1136/bjo.81.5.350
http://dx.doi.org/10.1126/science.1957169
http://dx.doi.org/10.1007/s00417-002-0461-3
http://dx.doi.org/10.1007/s00417-002-0461-3
http://dx.doi.org/10.1097/00061198-200406000-00012
http://dx.doi.org/10.1097/00061198-200406000-00012
http://dx.doi.org/10.1016/j.ajo.2008.12.032
http://dx.doi.org/10.1016/j.ajo.2008.12.032
http://dx.doi.org/10.1097/IJG.0b013e3181bdb549
http://dx.doi.org/10.1097/IJG.0b013e3181bdb549
http://dx.doi.org/10.1136/bjo.2008.150698
http://dx.doi.org/10.1001/archophthalmol.2010.49
http://dx.doi.org/10.1016/j.ophtha.2006.08.046
http://dx.doi.org/10.1001/archopthalmol.2011.1576
http://dx.doi.org/10.1001/archopthalmol.2011.1576
http://dx.doi.org/10.1136/bjo.2007.129502
http://dx.doi.org/10.1136/bjo.2007.129502
http://dx.doi.org/10.1016/S0929-6646(08)60180-1
http://dx.doi.org/10.1007/s10384-006-0433-y
http://dx.doi.org/10.1016/j.ophtha.2011.06.013
http://dx.doi.org/10.1016/j.ophtha.2011.06.013
http://dx.doi.org/10.1167/iovs.10-5997
http://dx.doi.org/10.1097/IJG.0b013e3181c4b0c7
http://dx.doi.org/10.1097/IJG.0b013e318255bb4a
http://dx.doi.org/10.1136/bjophthalmol-2013-303119
http://dx.doi.org/10.1007/s00417-006-0372-9
http://dx.doi.org/10.1007/s00417-006-0372-9
http://license.optovue.com/CommonFolder/3360/Optovue/580-44218-008_A.pdf
http://license.optovue.com/CommonFolder/3360/Optovue/580-44218-008_A.pdf
http://dx.doi.org/10.1167/iovs.06-0545
http://dx.doi.org/10.1136/bjophthalmol-2012-301865
http://dx.doi.org/10.1136/bjophthalmol-2012-301865
http://dx.doi.org/10.1097/IJG.0000000000000010
http://dx.doi.org/10.4103/0301-4738.21608
http://dx.doi.org/10.3126/nepjoph.v4i1.5852
http://dx.doi.org/10.1097/IJG.0b013e31814b9817
http://dx.doi.org/10.1097/IJG.0b013e31814b9817
http://dx.doi.org/10.1001/archophthalmol.2010.244
http://dx.doi.org/10.1001/archopht.122.6.827
http://dx.doi.org/10.1001/archopht.122.6.827
http://dx.doi.org/10.1016/j.ajo.2004.08.069
http://dx.doi.org/10.1097/IJG.0b013e318193c2be
http://dx.doi.org/10.1167/iovs.09-4737
http://dx.doi.org/10.1167/iovs.09-4737
http://dx.doi.org/10.1167/iovs.10-5226
http://dx.doi.org/10.1016/j.ophtha.2006.01.058
http://dx.doi.org/10.1016/j.ophtha.2006.01.058

	_GoBack

