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Background: Given the aging of the population worldwide, to learn the underlying age-related biological 
phenomena is important to improve the understanding of the ageing process. Neurodegeneration is an age-
associated progressive deterioration of the neuron. Retinal neurodegeneration during aging, such as the 
reduction in thickness of the retinal nerve fiber layer (RNFL) and ganglion cell-inner plexiform layer (GCIPL) 
measured by optical coherence tomography (OCT), has been reported, but no studies have provided their 
specific alteration patterns with age. Therefore, this study is to provide visualization of the evolution of various 
tomographic intraretinal layer thicknesses during aging and to document age-related changes in focal thickness. 
Methods: A total 194 healthy subjects were included in this cross-sectional study. The subjects were divided 
into four age groups: G1, <35 years; G2, 35–49 years; G3, 50–64 years; and G4 ≥65 years. One eye of each 
subject was imaged using a custom-built ultrahigh-resolution optical coherence tomography (UHR-OCT). 
Volumetric data centered on the fovea were segmented to obtain the thickness maps of six intraretinal layers, 
including the macular retinal nerve fiber layer (mRNFL) and GCIPL. 
Results: There were alterations visualized in thickness maps in these intraretinal layers. The GCIPL 
showed a thickness reduction localized in the inner annulus in elder subjects (G4). Within the inner annulus, 
the most profound alteration in G4, an oval zone (length 0.76 mm and width 0.52 mm), appeared to be in 
the inferior sector about 0.61 mm below the fovea, named “A zone”. The average thickness reduction of the 
A zone was 14.4 µm in the elderly group (G4). Age was significantly related to the GCIPL thickness of the 
inner annulus (ρ =−0.48; P<0.001) and of the A zone (ρ =−0.39, P<0.001). 
Conclusions: This is the first study to apply UHR-OCT for visualizing the age-related alteration of 
intraretinal layers in a general population. The most profound change of the optic nerve fiber is an oval-like 
focal thinning in GCIPL, which occurred in the inferior sector within the inner annulus and was strongly 
related to increased age.
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Introduction

Neurodegeneration is an age-associated progressive 
deterioration of neuronal structures and functions, which 
may lead to cognitive impairment and affect lifespan 
potentials (1). Morphological alterations, such as axonal 
swelling, microtubule disassembly, and nerve cell body 
loss, are characteristic features in many neurodegenerative 
condit ions (2) .  The retina is  an extension of  the 
brain and provides a unique opportunity for studying 
the effect of aging on the central nervous system. It 
provides an opportunity to study both physiological 
and pathophysiological mechanisms related to aging 
(3,4). Retinal neurodegeneration during aging, such 
as the reduction in thickness of the retinal nerve fiber 
layer (RNFL) and ganglion cell-inner plexiform layer 
(GCIPL) measured by optical coherence tomography 
(OCT), has been reported (3-10). Based on the average 
thickness of the neuronal layers, including RNFL and 
GCIPL, previous studies have documented that age 
plays a role in retinal neurodegeneration (6-8,10). Also, 
previous studies showed uneven alterations (sectorial 
thinning) of the GCIPL due to aging (6-10). The 
majority of the studies differentiated sectorial thinning 
by commonly used partit ions including the early 
treatment of diabetic retinopathy study (ETDRS) (8)  
and Zeiss elliptical partition (6,7). Only one study provided 
visualization of the tomographic thickness pattern of 
GCIPL averaged from a group of healthy subjects, and it 
demonstrated thinner GCIPL in the inferior sector (10).  
However, no studies have provided visualization of 
the evolution of various tomographic intraretinal layer 
thicknesses during aging. The aim of the present study 
is to provide visualization of the evolution of various 
tomographic intraretinal layer thicknesses during aging 
and to document age-related changes in focal thickness. 
We present the following article in accordance with the 
STROBE reporting checklist (available at https://qims.
amegroups.com/article/view/10.21037/qims-21-860/rc).

Methods

Participants

A total 194 healthy subjects were included in this cross-
sectional study between January 1, 2016, and December 31,  
2020. The study was conducted in accordance with the 
Declaration of Helsinki (as revised in 2013) and approved 
by the Institutional Review Board of the University of 
Miami Miller School of Medicine. An informed consent 
form was signed by each subject. The subjects with severe 
media opacity, such as severe cataract and vitreous opacity 
were excluded. The subjects were also excluded if they had 
a refractive error greater than ±6 diopters. 

The subjects were divided into four age groups, based on 
previous research in this area (5,11). Group 1 (G1) included 
subjects <35 years of age, Group 2 (G2) 35 to 49 years, 
Group 3 (G3) 50 to 64 years, and Group 4 (G4) included 
subjects 65 years of age or older. All subjects underwent 
detailed ophthalmic examinations such as best-corrected 
visual acuity, manifest refraction, and slit-lamp examination. 

Intraretinal tomographic thicknesses using ultrahigh-
resolution optical coherence tomography (UHR-OCT)

The custom-built UHR-OCT device used in the study 
was described previously (5,11-14). Briefly, this system is 
a spectral-domain OCT with an axial resolution of ~3 μm 
(in tissue) and a scan speed of 24,000 A-scans per second. 
In the present study, the macula was scanned using a  
512 A-scans × 128 B-scans cube scan protocol, covering 
an area of 6×6 mm centered on the fovea. One eye of each 
subject was imaged. The right eye was the first choice 
for imaging. If the right eye was not eligible, the left eye 
was imaged. The volumetric dataset was exported and 
segmented into six intra-retinal layers using a commercially 
available software program (Orion, Voxeleron LLC, 
Pleasanton, CA, USA) (5,11,12,14) (Figure 1). To verify the 
segmentation of the dataset, segmentation of all intraretinal 
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layers of the horizontal scan (fast scan) and the vertical scan 
(slow scan) crossing the foveal center, and the thickness 
map of the total retina were exported and inspected. The 
six segmented intra-retinal layers were the RNFL, GCIPL, 
inner nuclear layer (INL), outer plexiform layer (OPL), 
outer nuclear layer (ONL), and retinal photoreceptor and 
retinal pigmented epithelium (PR). In addition, total retinal 
thickness (TRT) was also calculated. 

The center of the fovea of all subjects in groups was 
aligned with the same location before thickness maps 
were averaged (12,13). The averaged thickness maps 
were rendered for visualization in Matlab (Ver. 2014b, 
Mathworks, Natick, MA, USA) (Figure 1). Also, ETDRS 
partition was used to partition the thickness maps into 
annuli, quadrants, and sectors for further analysis (Figure 2).  

To facilitate the averaging and visualization, the image 
and dataset of the left eyes were flipped horizontally and 
averaged with the thickness maps of the right eyes.

Statistical analyses

All data were analyzed with SPSS (Statistical Package for the 
Social Sciences, Ver. 25, IBM, Armonk, New York, USA). 
Continuous variables are presented as the mean ± standard 
deviation (SD). The Kolmogorov-Smirnov test was used to 
determine whether the variables were normally distributed. 
Analysis of Covariance (ANCOVA) was used to analyze 
thickness partitions between age groups with the adjustment 
of the eye (left and right) and sex. Pearson correlation 
coefficient, represented by ρ, was used to determine the 

Figure 1 Cross-sectional retina and segmented tomographic thickness maps of intraretinal layers. The retina (A) of a healthy subject was 
scanned using UHR-OCT and 6 intraretinal layers (B) were segmented using the Orion software. There are seven segmented boundaries, 
defining six intraretinal layers, which correspond to six tomographic thickness maps (C, diameter of 6 mm). RNFL, retinal nerve fiber layer; 
GCIPL, ganglion cell-inner plexiform layer; INL, inner nuclear layer; OPL, outer plexiform layer; ONL, outer nuclear layer; PR, retinal 
photoreceptor; mRNFL, macular retinal nerve fiber layer; UHR-OCT, ultrahigh-resolution optical coherence tomography. 
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Figure 2 OCT imaging protocols and partition. The macula centered on the fovea was imaged using UHR-OCT, covering an area of 6×6 
mm (solid yellow square, A). The dataset was partitioned using the ETDRS partition in quadrants, sectors, and annuli (B). The division by 
quadrant was performed using 45° and 135° medians (B) with the central 1 mm zone of the fovea removed. Additionally, three concentric 
rings with diameters of 1, 3, and 6 mm were used to divide the map into nine sectors (B). The inner and outer annuli were also divided (B) 
using these three concentric rings with diameters of 1, 3, and 6 mm. S, superior; T, temporal; I, inferior; N, nasal; II, inner inferior; IN, 
inner nasal; IS, inner superior; IT, inferior temporal; OT, outer temporal; OS, outer superior; ON, outer nasal; OI, outer inferior; OA, 
outer annulus; IA, inner annulus; ETDRS, early treatment of diabetic retinopathy study; OCT, optical coherence tomography; UHR-OCT, 
ultrahigh-resolution optical coherence tomography.

relations between thickness and age. Linear regression 
was conducted to identify the slopes of the thickness as a 
function of age to represent the annual thinning rate. The 
P<0.05 value was considered statistically significant.

Results

Demographics and baseline characteristics of all subjects are 
showed in Table 1. 

Intraretinal thickness maps 

The average thickness maps showed the alterations among 
groups, mainly in TRT, mRNFL, and GCIPL (Figure 3). By 
subtracting the thickness map of G1 from other groups, the 
age-related changes of the thickness maps were visualized 
in Figure 4. The thickness reduction occurred mainly in 
TRT, mRNFL, GCIPL, INL, and ONL from G2 to G4, 
compared to G1. Thickness increase was evident in the 
OPL and PR, mainly in G3 and G4 (Figure 5).

Table 1 Characteristics of study subjects

Characteristics G1 G2 G3 G4

Subjects 90 48 33 23

Sex (M:F) 33:57 19:29 11:22 9:14

Age (years) 25.7±4.1 39.9±3.8 56.4±4.0 70.9±5.3

Results are presented as the mean ± SD. Four age groups: G1, 
<35 years; G2, 35–49 years; G3, 50–64 years; G4 ≥65 years. M, 
male; F, female; SD, standard deviation. 
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Figure 3 Intraretinal thickness maps. The thickness map of six intraretinal layers was averaged in each group. Four age groups: G1,  
<35 years; G2, 35–49 years; G3, 50–64 years; G4 ≥65 years. Bar unit: µm. TRT, total retinal thickness; mRNFL, macular retinal nerve fiber 
layer; GCIPL, ganglion cell-inner plexiform layer; INL, inner nuclear layer; OPL, outer plexiform layer; ONL, outer nuclear layer; PR, 
retinal photoreceptor.

Focal thinning of the GCIPL 

The areas of focal thinning were visualized in elderly 
eyes (≥65 years), compared to those from other groups in 
GCIPL (Figure 6). The GCIPL thinning pattern in elderly 
subjects (G4) showed thickness reduction in a round area 
in the inner annulus around the fovea. The most profound 
change of the GCIPL was in the inferior sector with an 
oval zone (length 0.76 mm and width 0.52 mm) 0.61 mm  
inferior to the fovea, named “A zone”. The average 
thickness reduction of the A zone was 17.15 μm in the 
elderly group (G4), which was significantly greater than any 
ETDRS partitions (P<0.05).

The thickness of the intra-retinal layers using the ETDRS 
partition 

All thickness parameters were normally distributed. After 
the adjustment of eye and sex, annulus analyses (Figure 7) 
showed significant thickness reduction in G4 (P<0.05) in 
the annulus of the TRT, mRNFL, GCIPL, INL, OPL 
and ONL, compared to G1 and G2. In addition, there 
were significant thickness reductions of the annulus in G4 
(P<0.05) in TRT, mRNFL, and GCIPL, compared to G3. 
It was noted that OPL and PR were significantly thicker in 
G4 in IA, OA and total annulus, compared to G1 (P<0.05).

Analyzed by quadrants (Figure 8), there were significant 
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Figure 4 Negative thickness alteration of intraretinal layers. Subtracting the thickness of the young group (G1) from the elder groups (G2–
G4), the negative alterations (thickness reduction) were visualized. Thickness reduction mainly occurred in TRT, mRNFL, GCIPL, INL, 
and ONL in these elder groups. Four age groups: G1, <35 years; G2, 35–49 years; G3, 50–64 years; G4 ≥65 years. Bar unit: μm. TRT, total 
retinal thickness; mRNFL, macular retinal nerve fiber layer; GCIPL, ganglion cell-inner plexiform layer; INL, inner nuclear layer; OPL, 
outer plexiform layer; ONL, outer nuclear layer; PR, retinal photoreceptor.

differences of quadrantal (all quadrants) thickness reductions 
of TRT, mRNFL, GCIPL and INL in G4, compared to 
G1 (P<0.05). In addition, there were significant thickness 
increases in OPL and PR in some quadrants in G4, 
compared to G1 (P<0.05).

Analyses by eight sectors (Figure 9) using the ETDRS 
partition showed significant thickness reductions (P<0.05) 
in the outer inferior area of TRT, mRNFL, and GCIPL 
in G4 compared to other groups. There were significant 
thickness increases in the inner nasal sector of OPL and PR 
in G4, compared to other groups (P<0.05).

Relationship

Age was moderately correlated to the GCIPL thickness of 

the inner annulus (ρ =−0.48; P<0.001) and in the A zone 
(ρ =−0.39; P<0.001; Figure 10). In addition, age was also 
related to the mRNFL in the outer annulus (ρ =−0.42; 
P<0.001) and the annulus (ρ =−0.44; P<0.001). INL in the 
inner annulus was also related to age (ρ =−0.25; P<0.05). 
In contrast, OPL in the annulus (ρ =0.33; P<0.05) and 
PR in the inner annulus (ρ =0.46; P<0.05) were positively 
corelated to age.

Annual thinning rate of GCIPL 

A linear regression model was used to determine the slopes 
of the thickness as a function of age to represent the annual 
thinning rate of GCIPL in different regions (Figure 11). 
The annual thinning rate of GCIPL was the highest in the 
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Figure 5 Positive thickness alteration of intraretinal layers. Subtracting the thickness of the young group (G1) from the elder group (G2–
G4), the positive alterations (thickness increase) were visualized. Positive changes occurred mainly in OPL and PR in elder groups. Four age 
groups: G1, <35 years; G2, 35–49 years; G3, 50–64 years; G4 ≥65 years. Bar unit: μm. TRT, total retinal thickness; mRNFL, macular retinal 
nerve fiber layer; GCIPL, ganglion cell-inner plexiform layer; INL, inner nuclear layer; OPL, outer plexiform layer; ONL, outer nuclear 
layer; PR, retinal photoreceptor.

Figure 6 Focal thinning of the GCIPL. The areas of focal thinning of GCIPL showed an increase from G2 (A) then G3 (B) to G4 (C) in the 
subtraction (subtracted G1) thickness maps. The thinning pattern in elderly subjects (G4) showed thickness reduction in a rounded area in 
the inner annulus around the fovea. The most profound change of the GCIPL was in the inferior sector with an oval zone (length 0.76 mm  
and width 0.52 mm) 0.61 mm inferior to the fovea, here named “A zone”. Four age groups: G1, <35 years; G2, 35–49 years; G3, 50–64 years;  
G4 ≥65 years. Bar unit: μm. GCIPL, ganglion cell-inner plexiform layer.
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Figure 7 Annular thicknesses of the intraretinal layers. (A) Three concentric rings with diameters of 1, 3, and 6 mm were used to divide the 
map into annuli. There were significant differences among groups in annular thicknesses of intraretinal layers (B-H). Four age groups: G1, 
<35 years; G2, 35–49 years; G3, 50–64 years; G4 ≥65 years. Bars = standard error. *, P<0.05, compared to G1; #, P<0.05, compared to G2;  
†, P<0.05, compared to G3. IA, inner annulus; OA, outer annulus; Ann, total annulus; TRT, total retinal thickness; mRNFL, macular retinal 
nerve fiber layer; GCIPL, ganglion cell-inner plexiform layer; INL, inner nuclear layer; OPL, outer plexiform layer; ONL, outer nuclear 
layer; PR, retinal photoreceptor.

A zone (0.33 μm/year, Figure 11), followed by the inner 
inferior sector (0.23 μm/year). The annual thinning rates 
in the inner sectors (inner inferior, inner nasal and inner 
superior) were similar to that in the inner annulus.

Discussion

This is the study to apply UHR-OCT for visualizing 
tomographic intraretinal layer thickness maps in different 
age groups. We identified the most profound focal 
alteration of GCIPL in the older 65+ years group. The 
profound thickness reduction of GCIPL in the inner 

annulus (1–3 mm in diameter) with a focal region located 
in the inferior region (i.e., A zone) may represent a 
characteristic feature of age-related neurodegeneration in 
the retina. This result may be helpful in further refining 
the age-related alteration in its location and pattern, which 
could be used as a normality reference for the diseased 
conditions. It provides direct visualization of age-related 
alteration in the GCIPL, which is consistent with previous 
reports based on pre-set and arbitrary partitions with the 
averaged results (7,8,10,15). 

Our finding that alterations occur in the GCIPL in the 
inner annulus as part of the aging process is in agreement 
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Figure 8 Quadrantal thicknesses of the intraretinal layers. (A) The quadrantal division was obtained using 45° and 135° medians according 
to the ETDRS partition. There were significant differences among groups in quadrantal thicknesses of intraretinal layers (B-H). Four 
age groups: G1, <35 years; G2, 35–49 years; G3, 50–64 years; G4 ≥65 years. Bars = standard error. *, P<0.05, compared to G1; #, P<0.05, 
compared to G2; †, P<0.05, compared to G3. ETDRS,  early treatment of diabetic retinopathy study; I, inferior quadrant; N, nasal quadrant; 
S, superior quadrant; T, temporal quadrant; TRT, total retinal thickness; mRNFL, macular retinal nerve fiber layer; GCIPL, ganglion cell-
inner plexiform layer; INL, inner nuclear layer; OPL, outer plexiform layer; ONL, outer nuclear layer; PR, retinal photoreceptor.

with previous studies using ETDRS (8) and Zeiss elliptical 
partitions (7,10,15). In the study of Yoo et al. (8), 573 
healthy subjects (5–70 years old) were studied and the study 
found a significant age-related thinning of the macular 
ganglion cell layer in the inner annulus, not in the outer 
annulus of the ETDRS partition. Other studies using the 
Zeiss elliptical partition (mainly covering the inner annulus) 
found a thickness reduction during aging in all sectors of 
the elliptical partition (7,10,15). The thickness reduction 
may be mainly due to the loss of the neurons and axons in 
the GCIPL and mRNFL with aging as found in histologic 
studies of human eyes (16,17). 

The thinning rates of the GCIPL found in the present 
study are also in agreement with previous studies (5,7,18). 
In the present study, the thinning rates of GCIPL were 0.22, 
0.11 and 0.14 μm/year for the inner annulus, outer annulus, 
and total annulus, respectively. The highest thinning rate 
was in the inner annulus, which matched the thinning 
pattern in the thickness maps. Wei et al. (5) reported the 
prominent thinning of 0.21% per year (0.14 μm per year, 
averaged from 6 mm ETDRS annulus) of GCIPL during 
60 years of life. Huo et al. (7) reported 0.18 μm per year 
(averaged from Zeiss elliptical partition) for the average 
decrease of GCIPL. Longitudinal analyses indicated a 
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Figure 9 Sectoral thicknesses of the intraretinal layers. (A) According to the ETDRS partition, the quadrantal division was obtained using 
45° and 135° medians. Three concentric rings with diameters of 1, 3, and 6 mm were used to divide the map into nine zones. The central 
1 mm zone of the fovea was removed. There were significant differences among groups in sectoral thicknesses of intraretinal layers (B-H).  
Four age groups: G1, <35 years; G2, 35–49 years; G3, 50–64 years; G4 ≥65 years. Bars = standard error. *, P<0.05, compared to G1;  
#, P<0.05, compared to G2; †, P<0.05, compared to G3. II, inner inferior; IN, inner nasal; IS, inner superior; IT, inferior temporal; OT, outer 
temporal; OI, outer inferior; ON, outer nasal; OS, outer superior; TRT, total retinal thickness; mRNFL, macular retinal nerve fiber layer; 
GCIPL, ganglion cell-inner plexiform layer; INL, inner nuclear layer; OPL, outer plexiform layer; ONL, outer nuclear layer; PR, retinal 
photoreceptor.

thickness decrease of 0.25 μm per year, based on averaged 
6-mm diameter thickness map (centered 0.75 mm temporal 
to the fovea in the combining mRNFL and GCIPL), in 
subjects over four decades (18). As a reference, the total 
average rate of ganglion cell loss is reported to be 6 cells/mm2 
per year (17). 

While the inner annulus is a relatively large area with 
the profound thickness reduction during aging, the A zone 
located in the inferior sector within the inner annulus 
showed a more profound focal thinning and the highest 

thinning rate of the GCIPL (0.33 μm per year), compared 
to any other annuli, quadrants, and sectors. Kim et al. (19) 
analyzed the ganglion cell complex (GCC) in 182 healthy 
subjects and found that the thinning rate of the inferior 
GCC was higher than the superior GCC. Huo et al. (7)  
studied 326 healthy Chinese adults and found the highest 
thinning rates of GCIPL in the inferior nasal and inferior 
sectors using the elliptical partition. Yoshioka et al. (9)  
used pattern recognition analysis to map the age-related 
thinning rates of the ganglion cell layer and found that the 
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highest thinning rate was in the nasal (0.16 μm per year) 
and inferior (0.14 μm per year) grids (0.9×0.9 mm per grid) 
within the inner annulus. Koh et al. (15) also found that the 
GCIPL thinning rates over age were equally high in the 

inferior (0.29 μm per year) and super-nasal sectors (0.29 μm 
per year) using the elliptical partition. While the mechanism 
of the location (i.e., A-zone) showing the most significant 
reduction of GCIPL over aging remains unknown. We 
noticed that the location of the A-zone is located on the 
inner inferior sector siting on a horseshoe-like band around 
the fovea with highest thickness of GCIPL. If the same 
thinning rate occurs, the highest reduction of the GCIPL 
could be located in the location with the highest thickness. 
It could be hypothesized that the A-zone is actually the 
area with the greatest thickness, resulting in the highest 
thickness reduction with age, followed by the reduction in 
the horseshoe-like band. The actual mechanism warrants 
further investigation. 

While the present study and previous studies point to 
the inferior inner region as the most profound thinning 
area during aging, the location of the focal thinning zone 
appeared not to be the same compared to other ocular and 
systemic diseases (12,20-24). The age-related reduction of 
retinal cells may be due to mitochondrial dysfunction (25), 
retrograde neurodegeneration occurring in the cortical 
regions, as reported in other causes of cortical lesions (26),  
oxidative stress (27), or retinal and choroidal vascular 
dysfunction in both large and small vessels associated 
with age-related macular degeneration-like changes in 
Bruch’s membrane and photoreceptor degeneration (28). 
Various patterns of retinal ganglion cell (RGC) loss were 
reported in different disorders (12,20-24). Differentiating 
the tomographic thinning patterns of the retina may be 
beneficial when studying ocular, systemic and cerebral 
neurodegenerative diseases, and their pathophysiology. For 
instance, the underlying disease process in glaucoma is the 
loss of RGC (29), and the focal thinning was shown in a 
particular location of peripapillary RNFL, corresponding 
to the focal thinning of the macular RGC layer. In patients 
with glaucoma, the most profound thinning region is found 
to be in the inferior and temporal regions of the optic disc 
in RNFL in early stage (30) and a temporal graph sign 
on the GCIPL thickness map, correlated with visual field 
loss (31). Also, nasal focal thinning of GCIPL at the pre-
symptomatic stage before the diffuse thinning of GCIPL 
was observed in Leber’s hereditary optic neuropathy 
(LHON). The thinning pattern of GCIPL thickness of 
LHON followed a centrifugal and spiral pattern in line 
with the anatomic distribution of the papillomacular 
bundle fibers (20). Similarly, the most profound thickness 
reduction zone in multiple sclerosis (MS) was located at 
the inferonasal sector from the fovea (i.e., M zone) (13) 

Figure 10 The relations between thicknesses and aging. The 
top 10 ranked relations with age were the GCIPL and mRNFL 
including the A zone (A). Scatterplots for the Pearson correlations 
showed the most correlative sector was the IA of the GCIPL (ρ 
=−0.48; P<0.001; B). The relation between GCIPL thickness of 
the A zone was ranked No. 10 (ρ =−0.39; P<0.001; C). ρ, Pearson 
correlation coefficient. GCIPL, ganglion cell-inner plexiform 
layer; RNFL, retinal nerve fiber layer; IA, inner annulus; IN, inner 
nasal; II, inner inferior; IT, inferior temporal; IS, inner superior; 
An, annulus; OA, outer annulus; S, superior quadrant; mRNFL, 
macular retinal nerve fiber layer.
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and resembled the progress of mitochondrial dysfunction, 
which plays an important pathological role in MS (32). In 
patients with Alzheimer’s disease, the degeneration pattern 
was shown as GCIPL thinning mainly in the superior 
region (12). Considering the results in the present study 
and previous studies showing the thickness alteration 
patterns, detailed analysis using the ETDRS partitions may 
be preferable. 

As expected, significantly generalized thickness reduction 
of mRNFL paralleled the generalized GCIPL loss with 
aging in the oldest group compared to other groups, all of 
whom were less than 65 years. Similarly, the coordinate 
reduction of both GCIPL and mRNFL in a centrifugal and 
spiral pattern were reported in LHON (20), generalized 
reduction in retinitis pigmentosa (33), and sectoral loss 
branch retinal vein occlusion (34). However, the outer 
temporal regional GCIPL thickness reduction and outer 
inferior and outer nasal mRNFL accession are reported in 
papilledema eyes (35). 

The thinning of INL and ONL found in the present 
study is  consistent with histopathological  results 
demonstrating nuclei displacement from INL and ONL 
into OPL as a function of age (36). Of note, Henle fiber 
layer is within the OPL, which may contribute to the 
changes. However, we did not differentiate the Henle fiber 
layer from the OPL in the present study. Other than the 

cell translocation, the increased OPL may also be due to the 
accumulation of discs of outer segments and waste products. 
Interestingly, the ONL thickness in the fovea appeared to 
be preserved, which echoes the previous observation (37).  
Similar findings were seen in patients with early and 
intermediate age-related macular degeneration (38). In 
contrast, increased thickness of INL due to inflammation is 
reported in patients with MS (39). The thickening of retinal 
pigment epithelium (RPE) has been reported by histologic 
studies (40,41), and might be due to the accumulation of 
discs of outer segments, various kinds of secretory as well as 
waste products in and around the RPE or possibly related 
local inflammation (41). It may also be due to accumulating 
of lipofuscin, resulted from lysosomal dysfunction (42). 
Meanwhile, the atrophy of photoreceptor cells is found 
in elderly people (43) may also contribute to their vision 
loss. In the present study, PR (including both RPE and 
photoreceptor layers) were found to be significantly 
thicker in elder groups. This could be explained by the 
accumulation of lipofuscin during aging are more obvious 
than the atrophy of photoreceptor cells. 

There are several limitations to our study. First, we have 
fewer subjects who were 65 years of age and older. A greater 
number of elderly individuals would have strengthened 
our findings with regard to thickness map alterations. 
Second, we analyzed 6 mm region of the macula, but did 

Figure 11 Annual thinning rates of GCIPL. Linear regression analyses showed that the annual thinning rate of GCIPL ranked the highest 
one was the A zone (0.33 μm/year), followed by the inner inferior sector (0.23 μm/year). The annual thinning rates in the inner sectors (IA, 
IS and IN) were similar to that in the inner annulus. GCIPL, ganglion cell-inner plexiform layer; II, inner inferior; IA, inner annulus; IS, 
inner superior; IN, inner nasal; IT, inferior temporal; S, superior quadrant; An, annulus; N, nasal quadrant; T, temporal quadrant; I, inferior 
quadrant; OT, outer temporal; ON, outer nasal; OS, outer superior; OA, outer annulus; OI, outer inferior. 
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not analyze the peripapillary region. However, the macula 
area represented a good collection of axons arising from 
RGCs and has a good correlation with the peripapillary 
retina in terms of thickness changes (43). Third, we did 
not follow-up on these subjects as this was a cross-sectional 
study. In longitudinal and cross-sectional analyses, Zhang 
et al. (18) found consistent rates of age-related thinning in 
GCC thickness. Lastly, the present study focused on the 
visualization of the age-related alteration of intraretinal 
layers. We found that the profound thickness change of 
GCIPL was related to age. Further studies need to address 
whether such changes in thickness have any impact on 
vision are needed. 

In conclusion, this is the study to apply UHR-OCT for 
visualizing the age-related alteration of intraretinal layers 
in a general population. The most profound change of the 
optic nerve fiber is an oval-like focal thinning in GCIPL, 
which occurred in the inferior sector within the inner 
annulus. This finding may be used as a reference for normal 
age-related peripheral neurodegeneration patterns in future 
studies. 
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