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PURPOSE. To determine the effect of age on the thickness of individual retinal layers, measured
with spectral-domain optical coherence tomography (SD-OCT), in a population of healthy
Caucasians.
METHODS. One hundred and twenty subjects with an age ranging between 18 and 81 years
were examined with SD-OCT. Mean layer thickness was calculated for seven retinal layers, in
the fovea (region 1 of the 9 Early Treatment Diabetic Retinopathy Study [ETDRS] regions); in
the pericentral ring (ETDRS regions 2 to 5); and the peripheral ring (ETDRS regions 6 to 9)
following automated segmentation using the Iowa Reference Algorithm. In addition, mean
peripapillary retinal nerve fiber layer (RNFL) thickness was measured. The partial correlation
test was performed on each layer to determine the effect of age on layer thickness, while
correcting for spherical equivalent, sex, and Topcon image quality factor as confounders,
followed by Bonferroni corrections to adjust for multiple testing.
RESULTS. The thickness of the peripapillary RNFL (R ¼ 0.332; P < 0.001); pericentral
ganglion cell layer (R ¼ 0.354, P < 0.001); peripheral inner plexiform layer (R ¼ 0.328, P
< 0.001); and foveal outer segment layer (R ¼ 0.381, P < 0.001) decreased significantly
with increasing age. Foveal RPE thickness (R ¼ 0.467, P < 0.001) increased significantly with
increasing age; other layers showed no significant differences with age.
CONCLUSIONS. Several macular layers and the peripapillary RNFL thickness showed significant
changes correlated with age. This should be taken into consideration when analyzing macular
layers and the peripapillary RNFL in SD-OCT studies of retinal diseases and glaucoma.
Keywords: SD-OCT, aging, retinal layer thickness

he introduction of optical coherence tomography (OCT)
has made it possible to visualize the human retina
noninvasively in vivo with high resolution and to quantify
retinal structures, such as total retinal thickness (RT) with high
accuracy. Measurement of RT is important in the diagnosis and
monitoring of retinal and optic nerve diseases, but to
distinguish disease processes from normal age-related changes
it is important to know the effect of aging on OCT
measurements of the retina. Multiple OCT studies measuring
the total RT in healthy subjects have shown a significant
decrease in RT with age, in the pericentral and peripheral Early
Treatment Diabetic Retinopathy Study (ETDRS) macular regions.1–10
In recent years, several algorithms have been developed for
spectral domain OCT (SD-OCT) that allow for automatic
measurement of the thickness of individual retinal layers in
the macula,11–18 in addition to the segmentation of the retinal
nerve fiber layer (RNFL), a tool provided by all commercially
available devices.

Employing one of these techniques, the Iowa Reference
Algorithm, a thinning of the ganglion cell layer (GCL) has been
demonstrated in the pericentral macula and a corresponding
loss of RNFL thickness in the peripheral macula in patients with
type 1 or type 2 diabetes and no or minimal diabetic
retinopathy compared with control subjects.19,20 For studies
of changes in retinal layer thickness due to diseases like
diabetes mellitus, Alzheimer’s disease, glaucoma, or multiple
sclerosis, it is essential to include the influence of age as a
confounder of individual retinal layer thickness in the analysis.
In support of this notion, in a recent study, Ooto et al. have
shown changes in individual retinal layer thickness with
increasing age in the eyes of a Japanese population, using an
automated layer segmentation algorithm.15
There is an increasing interest in the effects of aging in
general and parameters of the aging process that can be
objectively measured. The eye is of interest in that respect, and
several ocular parameters have been defined in a review by
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FIGURE 1. Macular B-scan with intraretinal surfaces as indicated by the colored lines and corresponding retinal layers. (Layer 1) Retinal nerve fiber
layer. (Layer 2) Ganglion cell layer. (Layer 3) Inner plexiform layer. (Layer 4) Inner nuclear layer. (Layer 5) Outer plexiform layer. (Layer 6) Outer
nuclear layer þ inner segments (photoreceptors). (Layer 7) Outer segments (photoreceptors). (Layer 8) Retinal pigment epithelium.

Pathai et al.,21 such as the RNFL, but changes in the macular
area could be of interest as well.
To collect reference data on the effect of aging on individual
retinal layers, in the present pilot study, we used 3D volume
scans of the macula and the optic disc made with a SD-OCT
(TRC-NW7SF Mark II; Topcon Medical Systems, Inc., Oakland,
NJ) in combination with the Iowa Reference Algorithm12,13 to
determine the effect of aging on the thickness of seven
individual retinal layers in 120 eyes of 120 healthy Caucasian
men and women aged between 18 and 81 years.

SUBJECTS

AND

METHODS

Subjects
In this prospective, cross-sectional observational study, the
subjects were randomly recruited from accompanying persons
of patients visiting the ophthalmology outpatient clinic of the
Academic Medical Center, Amsterdam, The Netherlands,
between January 2012 and January 2013 who fulfilled all
inclusion and exclusion criteria. The study adhered to the
tenets of the Declaration of Helsinki. Investigative review
board approval was obtained at the AMC and all participants
gave written informed consent.
Inclusion criteria were a history without any ocular disease,
diabetes, systemic hypertension, or any other (chronic)
autoimmune or infectious disease, such as HIV, multiple
sclerosis, and rheumatoid arthritis, that could affect the retina.
Exclusion criteria were refractive errors over S þ5.5 or under
S 8.5 diopters, visual acuity below 0.1 logMAR, intraocular
pressure (IOP) higher than 21 mm Hg, significant media
opacities, previous ocular surgery, and a previous diagnosis or
any present sign of glaucoma, uveitis, or retinal disease. Visual
acuity was measured using a modified ETDRS chart with Sloan
letters (Lighthouse, NY) at 4 meters. Best corrected visual
acuity (BCVA) was recorded in logMAR units. IOP was
measured by air-puff tonometry (computerized tonometer,
CT80; Topcon Medical Systems, Inc.). All subjects underwent
pupil dilation (0.1% tropicamide) and an ophthalmic examination, including slit-lamp biomicroscopy with a handheld lens, as
well as fundus photography to rule out any signs of retinopathy
or glaucoma. Only one eye of each participant was randomly
selected for OCT examination (3D OCT-1000, Topcon Corp.,
Tokyo, Japan) and was scanned after pupil dilation.

by 650 (z) voxels. Only high-quality images with a Topcon
image quality factor (QF) >60 were used.
From each 3D macular volume, 11 intraretinal surfaces
defining 10 retinal layers were segmented automatically by The
Iowa Reference Algorithm (Retinal Image Analysis Lab, Iowa
Institute for Biomedical Imaging, Iowa City, IA. http://www.
biomed-imaging.uiowa.edu/downloads/12,13), which uses an
extensively validated, robust fully three-dimensional graph
search approach. In this study, the highly reflective layer
between inner and outer segments, and the outer segments up
to the retinal pigment layer were taken together as one layer,
the outer segment layer (OSL), ignoring the line ascribed to the
cone outer segments. The remaining eight layers were
interpreted as follows (from inner to outer surface): (1) RNFL;
(2) GCL; (3) inner plexiform layer (IPL); (4) inner nuclear layer
(INL); (5) outer plexiform layer (OPL); (6) outer nuclear layer
(ONL) þ inner segments (IS; photoreceptors); (7) outer
segment layer (OSL) (from inner–outer segment transition up
to retinal pigment epithelium); (8) retinal pigment epithelium
(RPE) (Fig. 1).
The Iowa Reference Algorithm12,13 allows analysis according to the ETDRS grid, which allows for the calculation of the
thickness of all individual retinal layers for each of the nine
ETDRS-grid defined regions. In this study for each layer, three
retinal areas were defined using this ETDRS grid: the fovea, the
central circle with a diameter of 1 mm; the pericentral ring, a
donut-shaped ring centered on the fovea with an inner
diameter of 1 mm and an outer diameter of 3 mm; and the
peripheral ring, with an inner diameter of 3 mm and outer
diameter of 6 mm (Fig. 2). Because inner retinal layers are
nearly absent in the fovea, only outer retinal layer thicknesses
were analyzed in this 1-mm diameter area in the center of the
fovea.
Thickness measurements of the pericentral and peripheral
rings were estimated by averaging the thickness measurements
of the four corresponding quadrant areas (segments 2 to 5 for
the pericentral ring and segments 6 to 9 for the peripheral ring;
Fig. 2). In addition, thickness measurements of the entire area
within the ETDRS grid were calculated automatically by the
Iowa Reference Algorithm12,13 and this area was defined as
‘‘Whole macular region.’’
Finally, peripapillary RNFL thickness measurements were
acquired from the 3D optic nerve head OCT’s using the same
Iowa Reference Algorithm.12,13 The peripapillary ring was
centered manually if needed, with the center of the ring
coinciding with the center of the optic disc.

SD-OCT and Layer Segmentation
OCT images of the subjects were obtained with SD-OCT
(Topcon Corp.) using the 3D macular and disc volume scan
protocols (6 3 6 3 2.2 mm3), consisting of 128 (y) by 512 (x)
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Statistical Analysis
Statistical analyses were performed with commercial statistical
software (IBM SPSS Statistics v. 19 for Windows; SPSS Inc.,
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FIGURE 2. ETDRS grid. Nine subfields of the nine ETDRS regions in each eye. (a) Right eye. (b) Left eye. (c) The four regions around the fovea
constitute the pericentral ring (red colored ring). Thickness measurement of the pericentral ring is estimated by averaging the thickness
measurements of the four quadrant areas. (d) The four yellow-colored regions constitute the peripheral ring. Thickness measurement of this area is
estimated by averaging the thickness measurements of the four quadrant areas.

Chicago, IL). The partial correlation test was used to determine
the effect of age on individual layer thickness with spherical
equi valent (SE), 8 , 2 2 Topcon i ma ge QF, 8 , 2 3 , 2 4 and
sex2,4,5,9,15,25–29 as confounders, since these parameters are
known to influence OCT thickness measurements. Bonferroni
corrections were applied to counteract the effect of multiple
testing with statistical significance set at P < 0.001. Finally,
linear regression analysis was performed for the layers that
correlated significantly with age.

Mean peripapillary RNFL thickness decreased significantly
with age (R ¼ 0.332, P < 0.001; partial correlation test;
adjusted for spherical equivalent, sex, and Topcon image
quality factor; Fig. 3E). There was a significant positive
correlation between mean peripapillary RNFL thickness and
mean pericentral GCL thickness (R ¼ 0.553, P < 0.001; Pearson
correlation coefficient; Fig. 3F).

RESULTS

The purpose of this study was to evaluate the effect of age on
individual retinal layer thickness and peripapillary RNFL
thickness, calculated from 3D-volume scans made with a SDOCT (Topcon Medical Systems, Inc.), using the Iowa Reference
Algorithm.12,13 The data were adjusted for confounders SE,8,22
Topcon image QF,8,23,24 and sex,2,4,5,9,15,25–29 since these
factors are known to influence OCT thickness measurements.
The present study demonstrated a significant decrease in
peripapillary RNFL thickness, pericentral GCL thickness,
peripheral IPL thickness, and foveal OSL thickness with
increasing age, while foveal RPE thickness correlated positively
with age. Regarding the topographic distribution of the
changes in retinal layer thickness over time, we postulated
that the effect of age on the neuroretina would be most
probably a diffuse loss of neural tissue over time, and would

Demographic and ocular features of the study population are
presented in Table 1. There were no significant differences in
any of the parameters between men and women.
Table 2 shows the mean layer thickness measurements (lm)
of the individual retinal layers of the subjects in the central
fovea (only outer retinal layer thicknesses), pericentral, and
peripheral rings (all retinal layers), and the correlation
between these layers with age, adjusted for Topcon image
QF, SE, and sex. The thickness of the pericentral GCL,
peripheral IPL, and foveal OSL decreased significantly with
increasing age (Table 2; Figs. 3A–C). Foveal RPE thickness
increased significantly with increasing age (Table 2; Fig. 3D);
other layers showed no significant differences with age.
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TABLE 1. Demographic and Ocular Features of Included Subjects
Mean 6 SD

TABLE 2. Correlations of Age with Thickness of Macular Layers After
Adjusting for SE, Topcon Image QF, and Sex

Range
Macular Layer

OD:OS, ratio
Men:women, ratio
Age, y
Topcon image QF, disc scan
Topcon image QF, macula scan
SE refraction, D
IOP, mm Hg
BCVA, logMar

73:47
63:57
46.9 6
85.0 6
84.5 6
1.6 6
14.6 6
0.0 6

16.5
7.5
7.0
2.8
3.2
0.1

–
–
18–81
60–98.9
63.5–100
8.5–5.25
7–20
0.3–0.1

include all cells of the retina. A minute percentage loss of cells/
tissue would be best measured in those areas where a certain
cell type in a certain retinal layer is thickest. For that reason,
changes in RNFL can be best measured in a ring around the
optic nerve and changes in the ganglion cell layer in the
pericentral area. The same could be true for the changes in RPE
thickness and OSL in the fovea, but another explanation for
these central changes can be the excessive metabolic strain
that accumulates over the years in this most central part of the
retina. The inner plexiform layer in the peripheral area reflects
perhaps the loss of the pericentral GCL and the connections
with the bipolar cells.
Using the findings of this study (Fig. 3) one can estimate
that, over a period of 20 years, an individual will lose
approximately 2.66 lm of peripapillary RNFL, 2.06 lm of
pericentral GCL, 0.92 lm of peripheral IPL and 1.76 lm of
foveal OSL, while the foveal RPE will increase with 1.32 lm.
However, these numbers are just an impression of the
theoretical speed of age related changes based on the found
linear relationship between thickness measurements and age
(Fig. 3). These figures are hypothetical, and can only be
demonstrated with a longitudinal study (perhaps changes do
not occur early in life, but only from a certain age, and this
would be obscured in our analysis).
The mean OCT-based thickness data of the layers acquired
in this study (Table 2) are similar to those reported in other SDOCT studies,8,11,14,15,30 with some small differences that can be
attributed to differences in study populations, the OCT devices
used, and the algorithms to calculate the thickness of the
individual layers.
The differences of the thickness of the individual retinal layers
with age observed in the present study are mostly in
concordance with previous studies,6,10,15,31 although Ooto et
al.15 report a thickening of the OSL while we described a
thinning with aging and the RPE was not included in other
segmentation algorithms. Ooto et al.15 use a different definition
of the OSL, compared with the present study, and mention in
their discussion that RPE and OS tip lines were difficult to identify
independently in some subjects, which may have led to an
underestimation of OSL thickness in their study. Because of this
ambiguity in the definition of the OS tips, we defined the layer
between the IS/OS transition and RPE as representing the OSL.
Histological studies support our results: the GCL and their
axons (the RNFL) are vulnerable to loss during aging32,33 and
there is a decrease in cone pigment (contained within several
hundreds of infolded plasma membrane discs of the outer
segments) with age,33,34 which indicates a loss and displacement of photoreceptors with age.35 Several structural changes
occur as the RPE ages, including loss of melanin granules,
increase in the density of residual bodies and accumulation of
lipofuscin, accumulation of basal deposits on or within Bruch’s
membrane, formation of drusen, and thickening of Bruch’s
membrane.36 This can all lead to a thickening of the RPE with
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RNFL
Whole
Pericentral ring
Peripheral ring
GCL
Whole
Pericentral ring
Peripheral ring
IPL
Whole
Pericentral ring
Peripheral ring
INL
Whole
Pericentral ring
Peripheral ring
OPL
Whole
Fovea
Pericentral ring
Peripheral ring
ONL þ IS
Whole
Fovea
Pericentral ring
Peripheral ring
OSL
Whole
Fovea
Pericentral ring
Peripheral ring
RPE
Whole
Fovea
Pericentral ring
Peripheral ring

Mean Thickness, n ¼ 120

R

P*

31.8 6 3.1
23.1 6 1.8
35.4 6 3.8

0.109
0.216
0.082

33.1 6 3.3
50.6 6 5.6
28.5 6 3.0

0.270
0.354
0.193

0.003
<0.001†
0.037

37.5 6 2.6
40.7 6 3.3
37.0 6 2.9

0.273
0.030
0.328

0.003
0.747
<0.001†

32.6 6 2.4
39.6 6 3.2
30.9 6 2.5

0.193
0.055
0.259

0.037
0.556
0.005

26.1
24.4
29.0
25.2

6
6
6
6

2.0
5.1
3.5
1.8

0.180
0.097
0.156
0.188

0.053
0.299
0.093
0.042

84.5
117.0
95.9
79.9

6
6
6
6

7.6
11.7
9.3
7.3

0.177
0.138
0.063
0.230

0.056
0.138
0.499
0.013

39.7
48.6
42.6
38.4

6
6
6
6

2.8
3.9
3.6
2.9

0.047
0.381
0.105
0.006

0.613
<0.001†
0.258
0.945

19.2
18.3
18.2
19.6

6
6
6
6

1.7
2.4
1.9
1.8

0.032
0.467
0.177
0.124

0.730
<0.001†
0.056
0.183

0.241
0.019
0.382

Values are mean 6 SD (lm). Whole, entire ETDRS area; fovea,
central fovea (1 mm); pericentral ring, 1–3 mm from the fovea;
peripheral ring, 3–6 mm from the fovea. RNFL, retinal nerve fiber layer;
GCL, ganglion cell layer; IPL, inner plexiform layer; INL, inner nuclear
layer; OPL, outer plexiform layer; ONLþIS, outer nuclear layer þ inner
segments (photoreceptors); OSL, outer segment layer; RPE, retinal
pigment epithelium.
* P using partial correlation coefficient.
† Statistically significant after Bonferroni correction.

older age on OCT measurements, either real or due to
increased reflectivity leading to optical ‘‘pseudothickening.’’
In the present study, there is a significant positive
correlation between pericentral GCL thickness and peripapillary RNFL thickness (Fig. 3F). Since the RNFL consists of axons
of the GCL, it is feasible that a thinner GCL would indeed lead
to a thinner RNFL.
This is also described in other studies where the GCL(-IPL)
thickness correlated with peripapillary RNFL thickness.26,27,37
Limitations of the present study are the relatively small
sample size (n ¼ 120 compared with larger numbers in other
studies) and the fact that it was based on cross-sectional data
rather than longitudinal data. Another pitfall is that the subjects
were not objectively checked for systemic diseases such as
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FIGURE 3. Scatterplots of simple linear regression between: age and mean pericentral GCL thickness (A), mean peripheral IPL thickness (B), mean
foveal OSL thickness (C), mean foveal RPE thickness (D), and mean peripapillary RNFL thickness (E); and between mean pericentral GCL thickness
and mean peripapillary RNFL thickness (F). Formulas: (A) PCR GCL (lm) ¼ 55,456  0,103  Age (y), (B) PR IPL (lm) ¼ 39,104  0,046  Age (y), (C)
foveal OSL (lm) ¼ 52,775  0,088  Age (y), (D) foveal RPE (lm) ¼ 15,192 þ 0,066  Age (y), (E) PP RNFL (lm) ¼ 105,465  0,133  Age (y), (F) PP
RNFL (lm) ¼ 42,575 þ 1,118  PCR GCL (lm). PCR, pericentral; GCL, ganglion cell layer; PR, peripheral; IPL, inner plexiform layer; OSL, outer
segment layer; RPE, retinal pigment epithelium; PP, peripapillary; RNFL, retinal nerve fiber layer.
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diabetes or hypertension, but that rather self-reported health
information was used.
In conclusion, this study indicates that changes in the
thickness of several retinal layers occur with increasing age and
this should be taken into consideration while interpreting
retinal layer and RNFL thickness data in studies concerned with
the effects of disease on the retina. The age-related changes of
the retina may also be of use as a simple method to provide an
objective parameter for aging in general, or aging in the course
of systemic diseases.21
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