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Purpose: To quantify and view the possible influence of demographic variables on normal 

macular layers. Additionally, we wanted to assess the reproducibility using the Spectralis 

SD-OCT.

Methods: A Spectralis SD-OCT machine using a commercially available algorithm was used 

to scan 242 healthy subjects in an outpatient setting. We examined retinal thicknesses in seven 

layers: retinal nerve fiber layer (RNFL), ganglion cell layer (GCL), inner plexiform layer (IPL), 

inner nuclear layer (INL), outer plexiform layer (OPL), outer nuclear layer (ONL) and retinal 

pigment epithelium (RPE). Combined retinal thicknesses were expressed as inner retinal layer 

(IRL), photoreceptor layer (PL) and total retinal thickness (TRT). Measurements were taken 

from each of the nine sectors defined by the Early Treatment Diabetic Retinopathy Study; the 

center was the fovea, the inner circle (IC) was 1–3 mm away, and the outer circle (OC) was 

3–6 mm away.

Results: The TRT was thickest inferiorly in the IC, and superiorly in the OC. The RNFL 

(P=0.030), GCL (P=0.006), IPL (P=0.006), IRL (P=0.030), PL (P0.001) and TRT (P=0.001) 

were found to be thicker in males. The GCL (r=0.078, P=0.001), IPL (r=0.079, P=0.001), IRL 

(r=0.072, P=0.002), PL (r=0.076, P=0.001) and TRT (r=0.090, P0.001) were found to decrease 

with age. The INL (r=0.060, P=0.010), ONL (r=0.078, P=0.001), and RPE (r=0.066, P=0.004) 

were inversely related to axial length. Excellent reproducibility was observed in all layers.

Conclusion: Our study shows differences in various retinal layers according to age, gender, 

and axial length. Additionally, we demonstrate excellent reproducibility of this algorithm using 

the Spectralis SD-OCT.

Keywords: macular mapping, retinal layers, retinal mapping

Introduction
Optical coherence tomography (OCT) allows for non-invasive, fast and high-resolution 

imaging of intraocular structures. Time-domain OCT (TD-OCT), the prototypical 

device, utilizes emission of near-infrared light in the form A-scans to collect infor-

mation regarding the spatial dimensions of structures within the object of interest. 

Multiple A-scans are combined laterally to produce cross-sectional tomographic 

B-scans.1 Recently, a new generation of OCT, known as the spectral-domain OCT 

(SD-OCT), has become commercially available. SD-OCT combines quicker scanning 

times, which are 50–100 times faster than the TD-OCT, with higher resolution B-scan 

images; the axial resolution of the SD-OCT is 4 µm and that of the Stratus TD-OCT 

is 10 µm. This combination provides improved visualization of detailed retinal mor-

phology and pathology.1
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Recent advances in the SD-OCT have enabled mapping 

and quantification of individual retinal layers at the macula2 

and optic nerve head.3 These automated measurements have 

been used to diagnose various ophthalmic disorders like 

primary open angle glaucoma,4 optic neuritis5 and retinitis 

pigmentosa.6 Additionally, this modality is also being evalu-

ated for its ability to catch various systemic and neurode-

generative diseases such as autism spectrum disorder7 and 

multiple sclerosis.8

However, clinical application for these purposes must be 

informed by an understanding of normal macular anatomy 

and its expected variations in the general population. With 

this end in mind, multiple studies have used the SD-OCT 

to provide a normative database for individual macular 

layer thicknesses in varied settings such as Japan,2 Korea,9 

the Netherlands10 and Spain.11 To our knowledge, this is 

the first study to report a normative database for individual 

macular layer thicknesses and their association with gender, 

age and axial length, in a population of South-Asian adults 

undergoing SD-OCT. Additionally, we measured how 

reproducible the measurements on each layer were. We 

have previously evaluated peripapillary maps,3 where we 

reported a problem with the algorithm, and 9 mm epithelial 

maps using the SD-OCT.12

Methods
This was a prospective, cross-sectional and multicenter 

study conducted at the two centers of Hashmanis Hospital, 

Karachi, Pakistan. Ethical approval was acquired from the 

Ethics Committee of the Hashmanis Hospital. This study was 

conducted in accordance with the Declaration of Helsinki, 

and written informed consent was obtained from all subjects 

prior to study inclusion. A similar study protocol was used in 

our previous study mapping the peripapillary layers.3

Patients who reported themselves to be ophthalmologi-

cally normal and were between the ages of 20 and 70 years 

were included. We randomly picked one healthy eye per 

patient. Study subjects underwent autorefraction (Topcon 

KR-800, Japan), best corrected visual acuity (BCVA) 

using a Snellen chart, intraocular pressure (IOP) using an 

air-puff tonometer (Reichert 7CR, Reichert inc., Depew, 

NY, USA), dilated fundus examination, slit lamp examina-

tion, axial length measurement (Wavelight OB-820, Wave-

Light, Erlangen, Germany), and a Spectralis SD-OCT exam 

(Heidelberg Engineering, Germany).

Our exclusion criteria spanned: a refraction greater than 

5 diopters (D) or less than -6 D, BCVA0.8, IOP22 mmhg, 

any previous ocular surgery, history of cataract, vitreoretinal 

disease, visual field loss as indicated by the confrontational 

test, glaucoma, ocular hypertension, amblyopia, evidence of 

systemic disease or pregnancy. Additionally, anyone using 

topical or systemic medications was excluded.

An experienced OCT operator scanned each included eye 

after using 1% tropicamide to dilate the eye. Each patient was 

screened for both retinal and optic disc changes by various 

ophthalmologists before inclusion. Lastly, one glaucoma 

expert examined color fundus photographs to rule out optic 

disc neuropathy, optic nerve abnormality or other retinal 

diseases. Patients with such changes were excluded.

Measurements on SD-OCT
A regular scan protocol was utilized when scanning the 

eyes. Three-dimensional imaging data using dimensions of 

512×496 (horizontal × vertical) axial scans per image were 

obtained with each scan covering a 6×6 mm2 area fixated 

at the posterior pole. The modified Littman’s method was 

utilized to obtain the correct magnification, accounting for 

the refractive error, corneal radius, and axial length.13 Images 

with a quality score of 30 were utilized and the Spectralis 

Family Acquisition Module 6.0.11.0 was used.

Retinal layer measurements
During an OCT exam, a beam of super luminescence diode 

(SLD) with a wavelength of 870 nm examines the retina and 

creates many cross-sectional B-scan images. These images 

are then automatically analyzed to create thickness measure-

ments. A total of 768 B-scans are taken in succession, each with 

identical spacing, to create a three-dimensional picture.

Each scan was manually examined for appropriateness 

and algorithm failure; if errors were present, the scan was 

excluded. For example, if the lines were not corresponding to 

the proper retinal layers. Minor errors were corrected manu-

ally, using the built-in software. Each eye was first scanned 

by an operator and then rechecked by a doctor.

The thickness of each macular layer was calculated 

according to the nine ETDRS sectors, as shown in Figure 1. 

The central circle was 1 mm and was termed the fovea, the inner 

ring was 1–3 mm away and the outer ring was 3–6 mm away.

The thicknesses of seven macular layers were recorded, 

as shown in Figure 2. Individual layers included retinal nerve 

fiber layer (RNFL), ganglion cell layer (GCL), inner plexi-

form layer (IPL), inner nuclear layer (INL), outer plexiform 

layer (OPL), outer nuclear layer (ONL) and retinal pigment 

epithelium (RPE). The ONL was between the OPL to the 

external limiting membrane (ELM, not shown in the figure). 

Combined retinal layers comprised the inner retinal layer 
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(IRL), and the photoreceptor layer (PL). The IRL spanned 

from the internal limiting membrane (ILM) to the OPL, and 

the PL spanned from the ELM to the basement membrane 

(BM). A total retinal thickness (TRT) was also measured.

Reproducibility
Identical scan protocols were used by two OCT operators in 

50 patients to assess for the interobserver reproducibility – 25 

of these patients were male and 25 were female. They had a 

mean age of 39.0±13.0 years.

Statistical analysis
Data was collected using Google forms and was subsequently 

imported into the Statistical Package for the Social Sciences 

(SPSS) v23 (IBM Corp., Armonk, NY, USA). All data analy-

sis was done on this software. We calculated the mean and 

SDs using descriptive statistics. Correlation between thickness 

and continuous variables, such as age and axial length, were 

performed using the Pearson product moment correlation 

coefficient. A partial correlation was performed to compute 

an adjusted P-value. The independent t-test was used to inves-

tigate gender differences across retinal layer thicknesses. A 

linear regression analysis was conducted on age and axial 

length. Lastly, the coefficient of variation (CV) and the intra-

class correlation coefficient (ICC) were used to evaluate for 

interobserver reproducibility of measurements. A P-value 

less than 0.05 was taken to be statistically significant.

Results
Patients
Overall, 282 individuals were scanned using SD-OCT, 

following which 40 were excluded from the study due 

to the following reasons: evidence of glaucoma (n=14, 

29.8%), central serous chorioretinopathy (CSCR; n=10, 

21.3%), disc edema (n=5, 10.6%), algorithm failure (n=3, 

6.4), optic disc changes (n=3, 6.4%), age-related macular 

degeneration (AMD; n=2, 4.3%), retinitis pigmentosa (n=2, 

4.3%) and diabetic retinopathy (n=1, 2.1%). The remain-

ing 242 individuals comprised 126 males (52.1%) and 

116 females (47.9%). Their mean age was 40.0 years and 

ranged from 20 to 70 years. The baseline characteristics for 

the study population, stratified by age groups, are depicted 

in Table 1.

Layer thickness
The individual retinal thicknesses corresponding to the nine 

ETDRS sectors are shown in Table 2. The IRL was found to 

be thicker in the parafoveal region and thinner in the central 

fovea. The IRL thickness was symmetrical in upper and lower 

sectors corresponding to both inner and outer circles (OCs). 

However, the nasal IRL was thicker than the temporal in 

both circles. The PL showed greatest thickness in the central 

fovea, which decreased in the outer regions. Lastly, the TRT 

was greatest in the inner circle (IC) and least in the central 

fovea. TRT was greater in the nasal sectors, as compared to 

temporal sectors, of the inner and OC.

Gender
Retinal thicknesses by gender are shown in Table 3. It may 

be seen that the RNFL, GCL and IPL were all found to be 

significantly thicker in men, particularly within the parafo-

veal region. Consequently, the IRL was also shown to be 

thicker in men (P=0.030) in the same region (P=0.001). The 

PL was significantly thicker in men (P0.001) in both the 

IC (P=0.003) and OC (P0.001). Men were found to have 

a significantly greater TRT compared to women (P=0.001), 

especially within the IC (P0.001).

Figure 1 The ETDRS sectors at the posterior pole. The center circle is 1 mm, the 
inner circle is 1–3 mm and the outer circle is 3–6 mm.
Note: The green line corresponds to the cut section shown on the B scan.

Figure 2 Retinal layers that were quantified are shown.
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Age and axial length
Individual thicknesses within the GCL and IPL were nega-

tively correlated with age across the whole retinal surface, 

as seen in Table 4. Thickness within the INL, OPL and ONL 

were negatively correlated with age in the OC only. A signifi-

cant increase in RPE thickness was noted with increasing 

age, within the parafoveal region (P=0.011). Combined 

thickness within the IRL, PRL and TRT were all found to 

decrease with age.

INL, ONL and RPE thicknesses were found to be nega-

tively correlated with axial length, as seen in Table 5.

Reproducibility
The CV for the central fovea ranged from 0.005 to 0.087, 

as seen in Table 6. For the IC and OC, the CV ranged from 

0.006 to 0.078 and 0.006–0.033, respectively. Finally, for the 

entire circle, this value ranged from 0.006 to 0.059. The CVs 

were found to be highest in the ONL, consistently.

The ICC for the central fovea ranged from 0.802 to 0.989. 

The IC and OC ranged from 0.731 to 0.995 and 0.839 to 

0.994, respectively. Finally, for the whole circle, this value 

ranged from 0.830 to 0.996. The ICCs were found to be the 

lowest for the ONL.

Discussion
Retinal thickness
Central subfield thickness (CST) measurements in our 

setting (259.9±19.3 µm) were consistent with those previ-

ously reported in Indian (260.1±18.19 µm) and Thai cohorts 

(259.18±19.08 µm) undergoing SD-OCT.14,15 In contrast, 

CST measurements in Saudi (244.76±23.62 µm) and Cauca-

sian cohorts (270.2±22.5 µm) were more variable than those 

observed in our setting.16,17 Ethnic differences in macular 

thickness are well documented and highlight the importance 

of defining the normal variations in different populations; this 

may render clinically significant implications for manage-

ment of macular disease.17,18

Examination of the three-dimensional contours of the 

macula revealed greatest thickness in the IC, minimal thick-

ness in the central fovea and intermediate thickness in the 

OC which is consistent with normal anatomy. Furthermore, 

we observed a vertical symmetry across the nine ETDRS 

sectors, whereas the nasal sector was the thickest and the 

temporal sector the thinnest. The same has been described 

in previous reports.9,15–17,19,20 This trend was mirrored by 

individual RNFL and GCL thicknesses in both circles, 

illustrating the anatomic convergence of nerve fibers toward 

the optic disc.

Table 1 General characteristics

Age group  
(Y)

Patients  
(N)

Gender  
(M/F)

Refractive  
error (D)

IOP  
(mmHg)

Axial length  
(mm)

20–29 55 27/28 -0.6±1.5 14.3±2.5 23.4±1.0
30–39 64 21/43 -0.5±1.2 15.1±3.2 23.7±1.7
40–49 41 24/17 -0.0±1.3 15.5±2.7 23.5±0.9
50–59 42 24/18 1.2±1.0 14.2±2.9 23.1±0.7
60+ 40 30/10 0.9±1.1 15.4±3.1 23.2±0.8
Total 242 126/116 -0.0±1.5 14.9±2.9 23.5±1.2

Note: Data presented as mean ± SD.
Abbreviations: Y, years; N, number; M, male; F, female; D, diopter; IOP, intraocular 
pressure; mmHg, millimeter of mercury; mm, millimeter.

Table 2 Individual retinal layer thickness stratified by the ETDRS sectors

Layer 
(µm)

Foveal Inner circle Outer circle

Upper Lower Nasal Temporal Upper Lower Nasal Temporal Mean

Single layers
RNFL N/A 24.5±3.3 26.4±3.8 21.3±1.9 17.7±1.1 37.4±5.7 39.6±7.0 48.7±7.0 18.8±1.9 27.4±3.7
GCL N/A 51.9±4.3 51.1±4.8 50.1±5.2 46.9±4.9 33.7±3.1 32.0±3.5 38.0±3.3 34.2±3.7 39.1±4.0
IPL N/A 40.2±2.9 40.1±3.3 40.9±3.0 40.4±3.2 27.0±2.7 25.7±2.9 29.1±2.7 30.6±2.6 32.6±5.8
INL N/A 41.8±3.5 41.0±3.7 40.8±3.6 38.0±2.8 32.1±2.5 31.3±3.0 34.6±2.7 32.5±2.2 34.5±3.1
OPL 24.3±5.3 37.2±8.6 31.4±6.2 34.3±9.0 30.0±4.3 27.6±2.7 26.3±2.5 29.0±2.5 26.7±1.8 29.5±6.1
ONL 87.2±31.5 61.7±11.6 65.1±9.9 69.2±10.4 68.5±8.9 55.9±7.0 50.4±6.4 54.6±7.3 54.0±6.4 63.0±11.0
RPE 16.7±2.2 15.1±1.9 15.1±5.6 15.3±1.7 14.3±1.6 13.1±1.3 12.8±2.3 13.1±2.6 12.6±1.5 14.2±2.3
Combined layers
IRL 172.2±19.1 256.6±14.8 254.7±17.2 256.0±20.2 242.1±13.1 213.9±13.0 204.8±14.6 233.6±14.9 197.5±13.2 225.7±15.5
PL 88.0±4.4 80.0±3.3 78.9±2.9 81.5±3.1 80.0±3.1 77.3±2.5 75.7±2.5 76.7±4.0 76.4±2.5 79.4±3.1

TRT 259.9±19.3 337.3±14.8 334.7±14.7 334.7±15.6 322.5±15.6 290.3±23.5 281.4±16.7 310.9±18.9 276.3±21.9 305.6±17.8

Notes: The values are mean ± SD. Center, fovea, inner circle 1–3 mm from fovea; outer circle 3–6 mm from fovea.
Abbreviations: GCL, ganglion cell layer; INL, inner nuclear layer; IPL, inner plexiform layer; IRL, inner retinal layer; OPL, outer plexiform layer; ONL, outer nuclear layer; 
PL, photoreceptor layer; RNFL, retinal nerve fiber layer; RPE, retinal pigment epithelium; TRT, total retinal thickness.
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Interestingly, both INL and OPL layers also followed a 

similar trend, thus reaffirming previous reports that densities 

of bipolar cells, amacrine cells, horizontal cells and Muller 

cells may correspond to regions of greater GCL density.2,9 

Ooto et al and Won et al also observed greater GCL, and 

INL thickness within the nasal sector of the IC, however 

they found this difference to be attenuated within the OC.2,9 

In contrast, our experience showed similar findings within 

both IC and OC. Thickness of PL was most concentrated 

within the central fovea, and progressively decreased out-

ward; as consistent with normal anatomy.

Differences by gender
Comparison of retinal layers by sex showed men to have 

significantly thicker RNFL, GCL, IPL and PL. Consequently, 

Table 3 The effect of gender on individual retinal layers

Layer (µm ) Total  
(N=242)

Men  
(n=126)

Women  
(n=116)

P-value

Single layers
Retinal nerve fiber layer

Whole 27.4±2.5 27.8±2.7 27.0±2.4 0.030
Inner circle 22.5±1.6 23.0±1.8 22.1±1.5 0.001
Outer circle 36.2±4.5 36.4±4.7 36.0±4.3 0.489

Ganglion cell layer
Whole 39.1±2.9 39.7±3.1 38.6±2.8 0.006
Inner circle 49.5±4.2 51.0±4.3 49.1±4.1 0.002
Outer circle 34.4±2.9 34.5±3.0 34.4±2.8 0.739

Inner plexiform layer
Whole 32.6±2.1 33.1±2.1 32.2±2.2 0.006
Inner circle 40.4±2.7 41.0±2.7 39.8±2.8 0.002
Outer circle 28.0±2.4 28.1±2.4 28.0±2.4 0.738

Inner nuclear layer
Whole 34.5±2.1 34.8±2.0 34.2±2.3 0.100
Inner circle 40.3±2.8 40.8±2.5 39.9±3.1 0.091
Outer circle 32.6±2.2 32.5±2.2 32.7±2.3 0.385

Outer plexiform layer
Whole 30.1±2.5 30.3±2.5 30.0±2.5 0.419
Inner circle 32.8±3.7 33.1±3.7 32.6±3.8 0.311
Outer circle 27.4±1.6 27.4±1.6 27.4±1.7 0.869

Outer nuclear layer
Whole 59.9±6.6 60.6±6.1 59.3±7.1 0.172
Inner circle 66.1±7.7 67.0±7.4 65.3±8.1 0.130
Outer circle 53.7±6.1 54.2±5.7 53.3±6.6 0.294

Retinal pigment epithelium
Whole 13.8±1.4 14.0±1.5 13.7±1.4 0.162
Inner circle 14.8±1.6 15.0±1.7 14.7±1.5 0.142
Outer circle 12.9±1.6 13.0±1.6 12.8±1.6 0.291

Combined layers
Inner retinal layer

Whole 232.4±11.4 234.2±11.1 230.7±11.7 0.030
Inner circle 252.4±12.8 255.6±11.8 249.3±13.8 0.001
Outer circle 212.4±12.3 212.8±12.2 212.1±12.4 0.689

Photoreceptor layer
Whole 78.3±2.4 79.0±2.5 77.7±2.4 0.001
Inner circle 80.1±2.8 80.7±2.8 79.5±2.9 0.003
Outer circle 76.6±2.3 77.3±2.4 75.9±2.3 0.001

Total retinal thickness
Whole 311.4±13.2 314.5±13.0 308.4±13.4 0.001
Inner circle 333.1±13.6 337.3±13.0 328.9±14.2 0.001
Outer circle 289.8±15.7 291.7±16.1 287.9±15.4 0.080

Notes: The values are in mean ± SD. Center, fovea, inner circle 1–3 mm from fovea; 
outer circle 3–6 mm from fovea.

Table 4 The effect of age on individual retinal layers

Layer (µm ) Regression  
equation

R-value P-value Adjusted 
P-valuea

Single layers
Retinal nerve fiber layer

Whole 27.5–0.00a age 0.004 0.849 0.909
Inner circle 22.0+0.01a age 0.039 0.266 0.243
Outer circle 37.3–0.02a age 0.029 0.397 0.448

Ganglion cell layer
Whole 42.1–0.07a age 0.078 0.001 0.001
Inner circle 53.1–0.08a age 0.191 0.001 0.001
Outer circle 38.0–0.09a age 0.284 0.001 0.001

Inner plexiform layer
Whole 34.6–0.05a age 0.079 0.001 0.001
Inner circle 42.2–0.04a age 0.185 0.001 0.001
Outer circle 30.9–0.07a age 0.269 0.001 0.001

Inner nuclear layer
Whole 35.1–0.01a age 0.028 0.224 0.167
Inner circle 40.4–0.00a age 0.000 0.990 0.810
Outer circle 35.1–0.06a age 0.274 0.001 0.001

Outer plexiform layer
Whole 29.9–0.01a age 0.022 0.332 0.366
Inner circle 33.8–0.02a age 0.041 0.232 0.253
Outer circle 28.0–0.01a age 0.073 0.036 0.035

Outer nuclear layer
Whole 64.3–0.03a age 0.025 0.281 0.196
Inner circle 66.5–0.00a age 0.010 0.774 0.616
Outer circle 57.7–0.10a age 0.183 0.001 0.001

Retinal pigment epithelium
Whole 14.0+0.00a age 0.028 0.234 0.309
Inner circle 14.3+0.01a age 0.092 0.008 0.011
Outer circle 12.9–0.00a age 0.000 0.994 0.859

Combined layers
Inner retinal layer

Whole 232.9–0.18a age 0.072 0.002 0.001
Inner circle 256.4–0.10a age 0.074 0.034 0.023
Outer circle 226.8–0.37a age 0.239 0.001 0.001

Photoreceptor layer
Whole 80.5–0.02a age 0.076 0.001 0.001
Inner circle 81.5–0.03a age 0.139 0.001 0.001
Outer circle 77.2–0.01a age 0.067 0.055 0.057

Total retinal thickness
Whole 314.9–0.23a age 0.090 0.001 0.001
Inner circle 340.6–0.19a age 0.150 0.001 0.001
Outer circle 304.8–0.38a age 0.200 0.001 0.001

Notes: aAdjusted for axial length. Center, fovea, inner circle 1–3 mm from fovea; 
outer circle 3–6 mm from fovea.
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men were seen to have a greater overall TRT than women. 

These findings are in line with previous reports documenting 

a greater overall macular thickness in men primarily within 

the central fovea, where the PL predominates, and IC, where 

the IRLs predominate.15,16,19,21–23 Furthermore, Won et al’s 

layer analysis agreed with our findings, however, they found 

a greater ONL thickness in females.9

Not everyone agrees, though. Ooto et al reported a greater 

macular thickness in men within the INL and OPL + ONL; 

however, they found no significant difference between the 

GCL, and the inner and outer photoreceptor segments.2 

Further, their study noted women to have a thicker RNFL, as 

opposed to our results. An association between iron-deficiency 

anemia and decreased RNFL thickness has been described;24 

in Pakistan, it has been shown that the prevalence of iron 

deficiency anemia in females can be up to 50%.25 Therefore, 

it would be interesting to investigate whether regional discrep-

ancies in macular thickness according to gender are reflective 

of normal, ethnic variations or nutrient deficiencies.

Age- and axial length-related changes
Previous reports have shown progressive thinning of the 

parafoveal and peripheral retina with age; however, no such 

change has been observed at the fovea.14,16,19,21,23 Our find-

ings illustrate the underlying changes in individual retinal 

layers responsible for these topographical differences. With 

advancing age, significant thinning of the IRLs including 

GCL and IPL occurred over the whole macula, whereas 

thinning of INL, OPL and ONL were restricted to the OC. 

Previous, studies have mirrored age-related decreases in 

extrafoveal GCL, IPL and INL; however, they have also 

reported significant thinning of RNFL with age, whereas we 

observed no such trend.2,9,10 This may be attributable to the 

relatively slower age-related thinning of the RNFL (~0.2% 

per year), as opposed to that of other inner retinal neurons 

(~0.3%–0.6% per year).2

In this study, age was associated with thinning of OPL 

and ONL in the OC only, overall thinning of PL and thicken-

ing of RPE within the IC. These findings are consistent with 

those of previous SD-OCT analysis of age-related thinning 

of macular layers,2,10 and related histological studies of 

thickening in the RPE.26

We found INL, ONL and RPE epithelium to be negatively 

correlated with age-adjusted axial length, particularly within 

the peripheral macula. This explains why in previous studies 

there was thinning of average outer macular and average 

Table 5 The effect of axial length on individual retinal layers

Layer  
(µm)

Regression  
equation

R-value P-value Adjusted 
P-valuea

Single layers
RNFL 20.9+0.27a axial length 0.029 0.217 0.221
GCL 39.2–0.00a axial length 0.000 0.988 0.824
IPL 34.3–0.06a axial length 0.011 0.637 0.492
INL 42.9–0.35a axial length 0.060 0.010 0.008
OPL 26.6+0.12a axial length 0.025 0.272 0.298
ONL 87.6–1.04a axial length 0.078 0.001 0.001
RPE 17.1–0.12a axial length 0.066 0.004 0.005
Combined layers
IRL 250.2–1.03a axial length 0.041 0.079 0.051
PL 78.4+0.04a axial length 0.011 0.621 0.769
TRT 323.2–0.74a axial length 0.028 0.218 0.139

Notes: aAdjusted for age. Center, fovea, inner circle 1–3 mm from fovea; outer 
circle 3–6 mm from fovea.
Abbreviations: GCL, ganglion cell layer; INL, inner nuclear layer; IPL, inner 
plexiform layer; IRL, inner retinal layer; OPL, outer plexiform layer; ONL, outer 
nuclear layer; PL, photoreceptor layer; RNFL, retinal nerve fiber layer; RPE, retinal 
pigment epithelium; TRT, total retinal thickness.

Table 6 The reproducibility individual retinal layer measurements

Layer 
(µm)

Coefficient of variation Intraclass correlation coefficient

Inner Outer Whole Center Inner Outer Whole Center

Single layers
RNFL 0.038 0.030 0.039 0.038 0.958 0.992 0.994 0.918
GCL 0.019 0.022 0.023 0.045 0.973 0.960 0.996 0.963
IPL 0.019 0.019 0.021 0.035 0.909 0.971 0.990 0.925
INL 0.031 0.020 0.032 0.066 0.883 0.951 0.981 0.885
OPL 0.078 0.033 0.059 0.087 0.731 0.839 0.830 0.802
ONL 0.035 0.022 0.029 0.028 0.925 0.967 0.976 0.947
RPE 0.046 0.029 0.040 0.060 0.805 0.857 0.903 0.900
Combined layers
IRL 0.007 0.007 0.007 0.010 0.995 0.994 0.996 0.974
PL 0.009 0.006 0.008 0.014 0.937 0.942 0.973 0.870
TRT 0.006 0.006 0.006 0.005 0.924 0.990 0.990 0.989

Abbreviations: RNFL, retinal nerve fiber layer; GCL, ganglion cell layer; IPL, inner plexiform layer; INL, inner nuclear layer; OPL, outer plexiform layer; ONL, outer nuclear 
layer; RPE, retinal pigment epithelium; IRL, inner retinal layer; PL, photoreceptor layer; TRT, total retinal thickness.
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whole macular thicknesses.15,19,23 Our results are consistent 

with those of Szigeti et al, who found that whole INL, 

peripheral OPL and whole ONL to be negatively correlated 

with axial length which supports the notion that intermediate 

layers of the macula are particularly prone to shearing and 

stretching forces.27

Reproducibility
This study demonstrates excellent reproducibility of the 

algorithm for various layers of the macula. Several studies 

agree with these findings.2,28 However, we have previously 

highlighted problems with the Spectralis SD-OCT machine 

algorithm when mapping the peripapillary retina; the ICs 

were poorly reproducible for almost all layers.3 Therefore, 

caution must be advised when using these algorithms in 

clinical settings.

Limitations
Limitations of this study include its restricted selection of 

Pakistani adults without high myopia, as such our findings 

may not be broadly generalizable, as macular layer thick-

nesses are known to be influenced by different levels of 

myopia. Secondly, the effects of nutrient deficiencies, like 

iron deficiency anemia, could not be accounted for which 

may be acting as confounders. Thirdly, the distribution of 

genders through the various age groups may have influenced 

some of the age-related measurements. Lastly, we used only 

the Spectralis SD-OCT machine to determine the various 

thicknesses and the data may not be applicable to other OCT 

systems.

Conclusion
Our study shows that gender, age and axial length exert 

significant and specific effects across the seven retinal layers 

identified. Additionally, we found excellent reproducibility 

of this segmentation algorithm using the Spectralis SD-OCT 

across the various layers.
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