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Abstract
Background The measurement of retinal nerve fibre layer (RNFL) thickness on spectral domain OCT (SD-OCT) are
compared with built-in age— and gender—matched European normative databases and this difference is used to assist with
glaucoma diagnosis. However, there are differences in RNFL thickness between population groups. Therefore, using the
built in European normative database as a comparison across all population groups could lead to erroneous results, due to the
basic assumption that the normative values for non-European populations are the same as their European counterparts.
Methods Cross-sectional study of RNFL thickness in normal black South African patients.
Results One hundred and thirty-two eyes of 132 patients were enroled in this study. The mean (SD) age of patients in this
study was 41.3 (12.5) years. Males comprised 40.9% (n= 54; p= 0.0367). All RNFL sectors except the temporal sector
were significantly thicker than the reference database. The RNFL sectors measured as follows: global (108.7 µm, p < 0.001),
superotemporal (152.4 µm, p < 0.001), superonasal (132.6 µm, p < 0.001), inferotemporal (150.1 µm, p < 0.001), inferonasal
(129.2 µm, p < 0.001), nasal (77.7 µm, p < 0.001), temporal 74.8 µm, p= 0.9534).
Conclusion The RNFL thickness of normal black South Africans is significantly thicker than that of the European database on
the Spectralis SD-OCT. This needs to be taken into account when performing RNFL thickness measurements on black patients.

Introduction

Worldwide, glaucoma is known to be the leading cause of
irreversible blindness with the number of people above 40
years of age living with the disease projected to increase
from 76 million in 2020 to 111.8 million in 2040 [1]. In
African patients, glaucoma is 4–5 times more prevalent than
Europeans, occurs ~10 years earlier and is more aggressive
[2, 3]. Multiple imaging modalities are used to detect early
structural glaucomatous damage.

Technological advances in imaging quality and accuracy
have resulted in older modalities (Heidelberg Retinal
Tomogram and Time Domain Optical Coherence Tomo-
graphy) becoming obsolete and newer modalities such as
Spectral Domain Optical Coherence Tomography (SD-
OCT) and Optical Coherence Tomography Angiography

(OCTA) being at the forefront in detecting pre-perimetric
glaucoma. SD-OCT can be used in several ways to assist in
glaucoma diagnosis; such as measurements of peripapillary
retinal nerve fibre layer (RNFL) thickness, macular thick-
ness and measurement of Bruch’s-Membrane Opening-
Minimum Rim Width (BMO-MRW) [4].

The measurement of RNFL thickness on SD-OCT are
compared to built-in age— and gender—matched European
normative databases and this difference is used to assist with
glaucoma diagnosis [5]. However, there are differences in
RNFL thickness between population groups [6–11]. There-
fore, using the built in European normative database as a
comparison across all population groups could lead to
erroneous results, due to the basic assumption that the nor-
mative values for non-European populations are the same as
their European counterparts. In addition, these databases are
also machine-specific and not universally applicable
between different types of SD-OCT machines (e.g. Spec-
tralisTM, CirrusTM, OptoVueTM,TopconTM) [12–15].

Studies using the Spectralis SD-OCT (Heidelberg Engi-
neering, Germany) to ascertain the normal RNFL thickness
compared to the built-in European normative database, have
been conducted in numerous countries including Germany,
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India, Brazil, Nepal and in the French Alienor population
[6, 8–10, 16]. These studies have shown a thicker RNFL in
non-European populations [8–10]. In two Nigerian popu-
lations and South Africa, a thicker RNFL has been shown
using the StratusTM OCT and the Ivue-100TM SD-OCT
machines respectively [11, 17–20].

The aim of this study was to compare the normal retinal
nerve fibre layer thickness in a healthy black population to
the European normative database on the Spectralis SD-OCT
(Heidelberg engineering). To the authors knowledge, this is
the first study conducted in Africa using the Spectralis SD-
OCT (Heidelberg engineering).

Materials and method

We conducted a cross-sectional study at St John Eye Hos-
pital – Chris Hani Baragwanath Academic Hospital in
Soweto, Johannesburg, South Africa, from January 2017 to
December 2018. The Human Research Ethics Committee of
the University of the Witwatersrand, Johannesburg, gave
ethical clearance for this study to be performed. The study
adhered to the tenets of the Declaration of Helsinki. Staff,
patients and their family members were invited to partici-
pate in the study. A convenient sample was taken from the
outpatients’ department at St John Eye Hospital. Each
participant in the study gave written informed consent.
Participants who met the following inclusion criteria were
enroled in the study:

● Self-reported identity of black South African ethnicity,
● 18 years or older,
● Uncorrected Snellen visual acuity of 6/9 or better in the

study eye,
● Normal intraocular pressure (10–21 mmHg) with either

Perkins or Goldmann applanation tonometry,
● Clinically normal optic disc,
● Absence of other fundus pathologies,
● Fovea to Disc (FoDi) alignment within 7°.

Exclusion criteria included patients with:

● Systemic diseases such as diabetes mellitus and
neurological disease with optic disc abnormalities.

● Ocular conditions such as glaucoma, tilted discs,
peripapillary atrophy, clinically significant vitreal,
retinal or choroidal diseases; history of cataract or
posterior segment surgery and laser procedures; prior or
current history of eye trauma or uveitis; and grade three
and four hypertensive changes were not included in
the study.

● Axial length >26.0 mm.

The participants’ demographic (age and gender) and
medical history were documented. A Snellen visual acuity
measurement at 6 m; slit lamp examination; intra-ocular
pressure measurement; and dilated fundoscopy (to assess
cup:disc (C:D) ratio and exclude other pathologies) were
performed on each participant. The Nidek optical AL Scan
(Nidek co., Ltd, Japan) was used to measure the axial
length. Only one normal eye per participant was included in
the study.

The retinal nerve fibre layer and vertical disc height was
measured using the Spectralis SD-OCT, Heidelberg eye
explorer version 1.10.15.0, (Heidelberg Engineering, Ger-
many). When performing the scan, the disc was identified
with the aid of the built-in eye fixating system. The image
was then tracked ensuring it remained within the image
frame while maintaining a good quality scan. The scanning
circle was manually placed over the optic nerve head and
the images acquired. The participant values of each of the
seven sectors (global, superotemporal, inferotemporal,
superonasal, inferonasal, temporal, nasal) of the RNFL
thickness were generated by the built-in software of the
Heidelberg engineering. The participant values were dis-
played alongside the values of the European database which
are automatically age- and gender-matched. Each sector is
considered either “normal”, “borderline”, or “outside nor-
mal limits”, if thicker than 5th centile, thinner than the 5th
centile, or thinner than the 1st centile respectively, when
compared to the European database of that sector [5]. Only
good quality OCT scans (≥21 dB) and scans with the Fovea
to Disc (FoDi) alignment within 7°, that were normal as
defined by the age and gender matched European database,
were included in the study. The reference value and parti-
cipant results for each sector, as well as the quality of the
scan and degree of cyclotorsion were documented. Patients
whose FoDi alignment was outside 7° on either side of the
fovea, were excluded from the study. Vertical disc height
(VDH) was measured manually by and agreed upon by two
of the investigators (SI and NA). Data collected was cap-
tured on the REDCap database. Data was then exported to
STATA 15.1 (STATACorp, USA) and analysed.

Statistical analysis

A sample size of hundred and twenty-eight patients was
calculated using a one-sample mean test with a power of
80% and an α-level of 0.05 to detect a difference of 2.5 µm
(SD= 10) between the measured and reference values. The
unpaired t-test was used to compare the mean RNFL
thickness in the study population to the reference value
per sector of the retina measured. A one sample proportion
test was used to test the proportions of males and females
within the study population. Univariate and multivariate
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linear regression models were used to assess the change in
RNFL thickness with increasing age. The univariate and
multivariate equations are shown below:

Univariate equation: E(RNFL)= ß0+ ß1·age
Multivariate equation: E(RNFL)= ß0+ ß1·age+ ß2·sex
+ ß3·vdh

Suitability for using a linear regression model was
checked using the residual versus fitted plots. Since a
multitude of statistical tests were performed on the same
dataset, a Bonferroni correction was applied, and statistical
significance was set at a p value of 0.0024.

Results

One hundred and thirty-two patients were enroled in this
study. The mean(SD) age of patients in this study was 41.3
(12.5). The age range of patients in our study was 19–74
years. Males comprised 40.9% (n= 54; p= 0.0367) of
patients in this study. The mean RNFL thickness in all
sectors was significantly thicker when compared with the
European reference RNFL thickness (Table 1). (Where no
reference range is given in a reference RNFL sector, the
Spectralis OCT machine gave a single value irrespective of
gender and age). The mean (SD) [95% CI] axial length and
VDH were 23.5 (0.76) mm [23.3–23.6] and 1881.8 (185.2)
µm [1849.9–1913.6] respectively.

In our study population the 1st centile was thicker than
the Heidelberg database 5th centile (Table 2). The uni-
variate and multivariate regression co-efficients showed the
decrease in RNFL thickness per decade increase in age
(Table 3, Figs. 1, 2).

Discussion

Our study shows that the RNFL in the black South African
population is significantly thicker than that of the European
normative database on the Spectralis SD-OCT (Heidelberg

Engineering). The significance was maintained after applying
a Bonferroni correction to the data. Although used primarily
for glaucoma diagnosis, the RNFL thickness also has impli-
cations for the diagnosis of other neurological diseases such
as multiple sclerosis and Alzheimer’s disease [21]. In our
study, the significant mean thickness difference, ranges from
5 µm in the nasal sector to 30 µm in the superonasal sector,
with the higher differences being more clinically significant
when used for glaucoma diagnosis. The Spectralis SD-OCT
displays either a normal RNFL thickness; or “borderline” if it
is thinner than the 5th percentile; or “outside normal limits” if
it is thinner than the 1st percentile [5]. The Spectralis SD-
OCT gives normative values at age 45 and 60 years of age
[5]. Using the Spectralis normative database values at age 45
years (mean age of our study population is 41.3 years), this
difference results in the 1st percentile for our study eyes being
thicker than the 5th percentile in the database (Table 3). This
means that a patient who has structural damage that should be
flagged as “outside normal limits” by the machine, will dis-
play as normal using the current normative database. We are
potentially underdiagnosing a large proportion of patients
with glaucoma.

The global RNFL thickness in our study population
(108.7 µm) is thicker than those of other populations mea-
sured using the Spectralis SD-OCT [6, 8–10, 16]. The global
reference on the Spectralis SD-OCT, which is based on the

Table 1 Comparison of RNFL
thickness (µm) in the study
population vs reference database

RNFL sector Mean RNFL thickness (SD) (µm)
[95% CI]

Mean reference RNFL thickness (SD)
(µm) (95% CI)

p valuea

Global 108.7 (10.7) [106.9–110.6] 97.1 (1.0) [96.9–97.2] <0.001

Superotemporal 152.4 (20.3) [148.9–155.9] 134.6 (2.1) [134.3–135.0] <0.001

Superonasal 132.6 (23.9) [128.5–136.7] 102 <0.001

Inferotemporal 150.1 (19.7) [146.7–153.5] 142.5 (2.8) [141.9–143.0] <0.001

Inferonasal 129.2 (27.9) [124.4–134.0] 105.9 (1.1) [105.7–106.0] <0.001

Nasal 77.7 (14.6) [75.2–80.2] 72 <0.001

Temporal 74.8 (10.3) [73.0–76.5] 74.7 (1.9) [73.9–75.6] 0.9534

aUnpaired t-test (Bonferroni-corrected p value= 0.0024)

Table 2 Comparison between the 1st and 5th percentile of the
Heidelberg database reference values [5] (45 years) and our study
patients

Sector 1st percentilea

[µm]
1st percentileb

[µm]
5th percentilea

[µm]
5th percentileb

[µm]

Global 87 76.0 93 82.1

Temporal 57 46.9 60 54.9

Superotemporal 111 96.3 119 107.4

Inferotemporal 117 99.1 122 111.6

Nasal 50 38.3 56 48.1

Superonasal 81 57.8 97 70.7

Inferonasal 84 53.6 90 68.8

aStudy values
bHeidelberg database values
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European database is 97.1 µm. In Indian, Nepalese and
Brazilian populations, the global RNFL thickness measured

101.43, 102.64 and 102/103 µm respectively [8–10]. This
racial difference between the European and non-European
RNFL thickness is therefore not unique to African patients.
Bendschneider et al. demonstrated a global RNFL thickness
in a German population of 97.2 µm which is similar to the
Heidelberg normative global mean thickness [6]. One of the
few studies that used the Spectralis SD-OCT to measure the
RNFL in a black population was conducted by Alasil et al.
[7]. They measured RNFL thickness of various ethnicities in
an American population [7]. Of those enroled, only 26
patients were of African-American descent and the global
RNFL measured with the Spectralis SD-OCT was 99 µm
which is thinner than our population findings. The study
consisted of 125 Caucasian patients and no significant dif-
ference was found between the RNFL thickness of the
African-American and Caucasian population groups [7]. The
French Alienor study measured RNFL thickness in elderly
patients with a mean age of 81 and showed a global RNFL
thickness of 91 µm [16]. The mean age difference between
the French Alienor study population (81 years) and ours
(41.3 years), probably accounts for the large differences
between mean RNFL thickness.

RNFL thickness can be influenced by factors other than
the amount of nerve fibre layer tissue present in the peri-
papillary area, such as, vascular tissue as documented by
OCTA [22]. The difference between the African RNFL
thickness and European thickness could therefore be due to
anatomical differences in blood vessel volume between
these patients. Similarly, patients with larger disc areas have
been shown to have a thicker RNFL [23]. Even though our
study did not look at disc area, we have adjusted for vertical
disc height in our multivariate analysis and we found it to be
significant in predicting RNFL decline per decade. Black
patients have also been shown to have larger disc areas when
compared to their European counterparts [24]. This differ-
ence may also account for the thicker RNFL in our study.

The mean global RNFL thickness in two different
Nigerian population groups conducted with the Stratus OCT
were 104.1 and 107.1 µm respectively [17, 18]. Other South
African studies also yielded mean values of 108–110 µm

Table 3 Change in RNFL
thickness (µm) per decade
increase in age

RNFL sector Unadjusteda RNFL change per
decade (95% CI)

p value Adjustedb RNFL change per
decade (95% CI)

p value

Global −3.5 (−4.9 to −2.2) <0.001 −3.5 (−4.8 to −2.1) <0.001

Superotemporal −5.2 (−7.9 to −2.5) <0.001 −4.9 (−7.6 to −2.1) 0.001

Superonasal −5.8 (−8.9 to −2.6) <0.001 −5.8 (−9.0 to –2.6) <0.001

Inferotemporal −4.7 (−7.3 to −2.1) <0.001 −4.5 (−7.1 to −1.8) 0.001

Inferonasal −3.4 (−7.2 to −0.3) 0.079 −3.3 (−7.1 to 0.4) 0.080

Nasal −2.0 (−4.0 to −0.02) 0.047 −2.4 (−4.4 to −0.3) 0.046

Temporal −2.5 (−3.8 to −1.1) <0.001 −2.3 (−3.7 to −0.9) 0.002

aUnivariate linear regression (Bonferroni-corrected p value= 0.0024) bMultivariate linear regression
(Bonferroni-corrected p value=0.0024)

Fig. 1 Composite graph of fitted regression slope with 95% confidence
interval for global RNFL thickness vs age (thick black line straddled
by two dashed lines), scatterplot of measured global RNFL thickness
datapoints (hollow circles), and LOWESS curve of the reference
database values (dash-dots line)

Fig. 2 Composite graph of fitted regression slope with 95% confidence
interval for superotemporal RNFL thickness vs age (thick black line
straddled by two dashed lines), scatterplot of measured superotemporal
RNFL thickness datapoints (hollow circles), and LOWESS curve of
the reference database values (dash-dots line)
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[11, 19]. However, even though the absolute values are
similar to those in our study, different OCT machines were
used and thus are not directly comparable [15].

Our study consisted of a wide range of patient ages and
we were able to model univariate and multivariate linear
regression models. After adjusting for age, gender and
VDH in the multivariate linear regression analysis, the
rate of decline in global RNFL thickness in our population
is −3.9 µm per decade which is higher than that of other
comparable studies. We also found that although age and
VDH was a significant predictor in the multivariate
model, gender was not a significant predictor. The rate of
decline per decade in the Indian population was −1.5 µm
and the Nepalese population was −2.26 µm [9, 10]. The
rate of decline in the German population was −1.9 µm per
decade [6]. Only the French Alienor study had a higher
rate of decline of −5.9 µm but this is probably due to the
older age of the participants. The higher rate of RNFL loss
among our study patients’ needs to be investigated further
using longitudinal studies. Since glaucoma causes accel-
erated thinning of the RNFL, this high rate of loss in
normal patients is probably even higher in glaucoma
patients and may be the reason for increased severity of
disease among African patients.

Bowd et al. recently published a prospective longitudinal
study, which included participants enroled in the ADAGES
and DIGS trials, comparing the RNFL thickness and BMO-
MRW in African and European patients in 3 categories
(Healthy eyes, glaucoma suspect, and glaucomatous eyes)
[25]. Only 27 of the 124 healthy eyes studied were from
patients of African descent who had a mean age of 64 years.
The global RNFL thickness measured by Spectralis SD-
OCT in these patients was 96.1 µm and is much lower than
our African population studied. This is probably due to the
older age group of the participants. The rate of decline over
3 years was measured to be −5.1 µm [25]. This is a higher
rate of decline compared with our population.

A thicker RNFL has been associated with a faster rate of
decline in RNFL thickness [26]. After adjusting for age and
sex in the multivariate regression model, the thicker quad-
rants (superonasal, inferotemporal, superotemporal) were
noted to have the largest rates of decline in RNFL thickness.
Thus, the larger rate of decline per decade could be attrib-
uted to the thicker baseline RNFL in our population group.

The limitations of the study are that this was a hospital-
based, cross-sectional study as opposed to a population-
based longitudinal cohort study. There may be inherent bias
in recruiting hospital patients for a normative database.
However, the difference in the superior and inferior quad-
rants compared to the normative database are both statisti-
cally and clinically significant. BMO-MRW was not
measured in this study and could be done in future studies

in African patients. BMO-MRW requires more cooperation
from the patient and takes longer to obtain than RNFL.
Reznicek et al. showed that RNFL and BMO-MRW are
both suitable for the diagnosis of glaucoma, however,
BMO-MRW may be more suitable in myopic patients [27]
Further longitudinal studies of African patients need to be
conducted to corroborate these results.

Conclusion

RNFL thickness in a black South African population,
measured by Spectralis SD-OCT is both clinically and
statistically significantly thicker than the European data-
base. The difference in the 1st and 5th percentiles of our
study and the built-in database are large enough when
compared, to warrant requiring African-specific databases
to avoid underdiagnosis of glaucoma and other diseases
causing thinning of the RNFL. The rate of decline in RNFL
thickness per decade increase in age, is greater than other
comparable studies. Further, multicentre, multiregional,
longitudinal population-based studies are however required
to confirm these findings in black patients.

Summary

What was known before

● No studies of black African population using Spectralis
SD-OCT.

● African-American subjects were shown to have no
difference in RNFL thickness.

● Studies on other race groups e.g. Nepalese showed a
thicker RNFL compared to Caucasian counterparts.

What this study adds

● The black South African population have a significantly
thicker RNFL.

● This can result in glaucoma being missed.
● There is also a higher rate of decline in RNFL thickness

of the black South African population.
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