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Purpose: To describe the thickness profiles of the full retinal and outer retinal layers
(ORL) at the macula in healthy young adults, and associations with best-corrected visual
acuity (BCVA).
Methods: In total, 1604 participants (19–30 years) underwent an eye examination that
included measurements of their BCVA, axial length, and autorefraction. The retinal thickness at the foveal pit and at the nine Early Treatment of Diabetic Retinopathy Study
macular regions (0.5-mm radius around the fovea, and superior, inferior, temporal, and
nasal quadrants of the inner and outer rings of the macula) were obtained using spectraldomain optical coherence tomography imaging. A custom program was used to correct
for transverse magnification effects because of different axial lengths.
Results: The median full retinal and ORL thicknesses at the central macula were
285 μm and 92 μm. The full retina was thinnest centrally and thickest at the inner macula
ring, whereas the ORL was thickest centrally and gradually decreased in thickness with
increasing eccentricity. There was no association between axial length and the full retinal
or ORL thickness. Increased thicknesses of the full retina at the central macula was associated with better BCVA; however, the effect size was small and not clinically significant.
Conclusions: This article mapped the full retinal and ORL thickness profile in a
population-based sample of young healthy adults.
Translational Relevance: Thickness values presented in this article could be used as a
normative reference for future studies on young adults and in clinical practice.

Introduction
The retina is composed of highly metabolic tissue
that is considered to be an extension of the brain.
Changes in its morphology have been suggested to
be a useful biomarker of some systemic,1 neurodegenerative,2 and ocular diseases.3 For example, the
retinas of individuals with the autoimmune diseases
systemic lupus erythematosus and Behcet’s disease

have been found to be thinner than those of healthy
controls,4,5 even when there was no clinically obvious
ocular involvement.4 Individuals with nonexudative
age-related macular degeneration have been observed
to have thinner retinas,6 whereas various forms
of macular edema intrinsically result in thickening of the central retina. Myopic eyes, interestingly, tend to have thicker retinas at the central
macula but thinner retinas at the inner and outer
macula.7–10
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Several studies have also reported associations
between macular thickness and best-corrected visual
acuity (BCVA) in eyes with macular pathology or high
myopia. Other studies have reported that thinner foveas
in eyes with macular edema after diabetes or after
intraocular surgery correspond to better BCVAs.11–13
This association is reversed in other diseases such
as nonexudative age-related macular degeneration6
and retinitis pigmentosa without macular cysts,14
with thicker retinas corresponding to better BCVA.
Similarly, in individuals with high myopia, FloresMorena et al.15 reported that BCVA was associated with thicker combined photoreceptor layer and
pigmented retinal epithelium (the outer retinal layers)
at the macula, but not with the foveal thickness.
Recently, the Singapore Epidemiology of Eye Diseases
study16 demonstrated that the association between
BCVA and retinal thickness is present even in a
general population of middle-aged and older adults
with healthy eyes.
Despite the vital role of the retina in vision and
the known changes in its morphology in disease,
there has been surprisingly little information on the
normal retinal thickness profile in young healthy
eyes. Although researchers have mapped the retinal
thickness in general populations of children17–19 and
middle-aged or older adults,16,20 studies on young
adults have been limited to those with myopia.8,9,21
Only one study22 described the retinal thickness at the
macula in young healthy adults; however, its sample
was relatively small, with the majority of participants
having myopia (n = 124, 91% myopes). In this article,
we describe the macular thickness profile of a large
cohort of young and healthy individuals selected from
the adults in a general population and its association
with BCVA.

TVST | March 2021 | Vol. 10 | No. 3 | Article 8 | 2

Methods
Study Sample
This study used data collected as part of the
Kidskin Young Adult Myopia Study (KYAMS)23 and
the Raine Study.24 Both studies had been approved
by the Human Research Ethics Committee of the
University of Western Australia and adhered to the
tenets of the Declaration of Helsinki. All participants
were given a full explanation of the nature of the
study and provided written informed consent before
participating.
The KYAMS is a follow-up of the Kidskin
Study,25 which was a nonrandomized controlled trial
in Western Australia in the late 1990s. The Kidskin
Study investigated the value of an educational intervention on sun-protection habits in 5- to 6-year-old
children. A total of 1776 children were recruited
from primary (elementary) schools and assigned to a
high-intervention, moderate-intervention, or a control
group. The primary outcome measure was the longitudinal change in number of melanocytic nevi on the
back, which was not significantly different between
groups at the long-term follow-ups. All participants of
the original Kidskin study were invited to the Lions Eye
Institute in Perth, Western Australia, for an eye examination for the KYAMS, which took place between
May 2015 and March 2019. The primary aim of the
KYAMS was to explore associations between childhood sun-exposure habits and refractive outcomes in
young adulthood.
The Raine Study is a cohort study that started in
1989 when 2900 pregnant women (termed “Gen1”)
were recruited at 16 to 18 weeks’ gestation at the

Figure 1. Layers segmentation by the custom program. (A) Full retinal thickness; (B) outer retinal layers (photoreceptors + retinal
pigmented epithelium); (C) ganglion cell–inner plexiform layer.
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Figure 2. Study sample.

King Edward Memorial Hospital in Perth, Western
Australia. Between November 1989 and March 1992,
2868 offspring (“Gen2”) were born to these women.
Since then, these offspring have been undergoing a
series of health and medical examinations. At the Gen2
20-year follow-up, participants attended an eye examination between March 2010 and February 2012 at the
Lions Eye Institute.
Participants were excluded from the analysis if
they reported a previous diagnosis of retinal or optic
disc disease or there was an incidental finding of
retinal or optic disc pathology during the eye examination. Participants with a history of any uveitis
were also removed from the analysis given previous reports of decreased retinal thickness in autoimmune disease.4,5 Amblyopic eyes, defined as per previous studies26–28 (including in the Raine Study and
the KYAMS cohorts),29,30 were additionally excluded
as thicker retinas have been reported in amblyopic
eyes.31,32 To avoid including participants with an

unreported diagnosis of retinal or optic disc disease,
eyes with BCVA <6/9 were further excluded from the
analysis.

Eye Examination
Presenting visual acuity (VA) was measured monocularly using logMAR-style charts, with participants
wearing their habitual optical correction (if any)
and scored letter-by-letter. For the KYAMS participants, an Early Treatment of Diabetic Retinopathy
Study chart (ETDRS; Precision Vision, Woodstock,
IL, USA) was used, while a Test Chart 2000 XPert
(Thomson Software Solutions, Welham Green, UK)
was used in the Raine Study. Participants were encouraged to read down the chart until no more than two
letters could be identified correctly on a line. Regardless of the presenting VA, VA was also measured
with pinholes on top of participants’ habitual distance
correction. The presenting VA or the pinhole VA (with
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Table 1. Study Cohort Demographic and Ocular Measures
Ageb yrs (mean ± SD)
Male sexc
Ethnicityd
Caucasian
East Asian
South Asian
Other/mixed
Ocular measurese (median [IQR])
BCVA
Spherical equivalent (D)
Axial length (mm)
Corneal radius (mm)
CCT (μm)
IOP (mm Hg)

Overall (n = 1604)

KYAMS (n = 297)

The Raine Study (n = 1307)

P Valuea

21.1 ± 3.0
784 (48.9%)

27.4 ± 1.1
114 (38.4%)

20.1 ± 0.1
670 (51.3%)

<0.001
<0.001
0.39

1373 (85.6%)
32 (2.0%)
22 (1.4%)
177 (11.0%)

256 (86.2%)
3 (1.0%)
2 (0.7%)
36 (12.1%)

1117 (85.5%)
29 2.2%)
20 1.5%)
141 (10.8%)

−0.08 [−0.10 to 0.00]
+0.25 [−0.38 to 0.63]
23.5 [23.0 to 24.1]
7.72 [7.56 to 7.90]
538 [516 to 560]
15 [13 to 17]

−0.10 [−0.12 to 0.00]
+0.00 [−0.63 to +0.50]
23.5 [22.9 to 24.2]
7.68 [7.54 to 7.89]
535 [514 to 558]
14 [11 to 16]

−0.06 [−0.10 to 0.00]
+0.25 [−0.38 to +0.63]
23.5 [23.0 to 24.1]
7.72 7.56 to 7.90]
539 [517 to 560]
15 [13 to 18]

0.004
0.036
0.28
0.11
0.06
<0.001

BCVA, best-corrected visual acuity; CCT, central corneal thickness; IOP, intraocular pressure; IQR, interquartile range; KYAMS,
Kidskin Young Adult Myopia Study; SD, standard deviation.
a
Statistical significance set at P < 0.05.
b
Cohort difference analyzed using independent sample t-test.
c
Cohort difference analyzed using χ 2 test.
d
Cohort difference analyzed using Fisher’s exact test.
e
Cohort difference analyzed using generalized estimating equations.

any habitual correction), whichever was better, was
recorded as the BCVA.
Participants additionally underwent measurements
of their axial length (IOLMaster v5; Carl Zeiss
Meditec AC, Jena, Germany), central corneal thickness
(CCT; Oculus Pentacam; Oculus Optikgerate GmbH,
Wetzlar, Germany), and intraocular pressure (IOP;
ICare TA01i; icare, Vantaa, Finland). Autorefraction
and autokeratometry (Nidek ARK-510A Autorefractometer; Nidek Co Ltd, Tokyo, Japan) were performed
at least 20 minutes after instillation of 1% tropicamide.
To obtain measures of the macular thicknesses,
imaging of the posterior pole was performed using
spectral-domain optical coherence tomography (SDOCT; Spectralis HRA+OCT; Heidelberg Engineering,
Heidelberg, Germany). Before SD-OCT imaging, the
average autokeratometry value of each eye was entered
into the imaging software to correct for ocular magnification effects. A 31-raster scan of a 30° × 25° area
centered on the fovea was obtained from each eye, with
each B-scan averaged from nine frames. Participants
were informed to look at the fixation light, and the
imaging examiner ensured that the macula was at the
center of the scan area. All scans were taken with a
default axial length of 24.385 mm and refractive error
of 0 D, similar to the process in clinical practice on the
Spectralis SD-OCT. Scan quality was maintained at a
signal-to-noise ratio of 20 or higher33 and then assessed
subjectively by the technician when the imaging was

completed. Scans were repeated where necessary and
if the participant was willing.
The scans were exported and analyzed with
a noncommercial custom program developed on
MATLAB version R2017b (MathWorks, Inc. Natick,
MA, USA). The program automatically measures
the thickness of the full retinal layer, outer retinal
layer (ORL; photoreceptor layer + retinal pigment
epithelium), and ganglion cell–inner plexiform layers
(GCIPL) in the nine regions defined by the ETDRS
grid34 (Fig. 1): the central macula (0.5 mm radius
around the fovea; C0), and the superior, temporal,
inferior, and nasal quadrants of the inner ring (central
region between 0.5 and 1.5 mm radius around the
fovea; S1, T1, I1, and N1) and outer ring (central
region between 1.5 and 3.0 mm radius around the
fovea; S2, T2, I2, and N2) of the macula (Fig. 1).
The program additionally corrects for lateral retinal
image magnification effects induced by the different axial lengths. The main measures are the (1)
minimum foveal thickness (foveamin ; full thickness
of the presumed foveal pit), and the thicknesses of
the (2) full retinal, (3) and the ORL at the central
macula. The foveamin was automatically determined by
the SD-OCT as the minimum thickness of the retina at
the center ETDRS cell. Secondary measures included
the full retinal and ORL at the rest of the eight macular
regions. We additionally described the GCIPL at the
inner and outer macula rings, but not at the central
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macula because of the absence of this layer in this
region.

Statistical Analysis
Statistical analyses were performed on the R Statistical Environment version 3.6.2 (The R Foundation for
Statistical Programming, Vienna, Austria; https://www.
r-project.org/). Continuous variables were expressed in
terms of mean ± 1 SD or median and interquartile
range (IQR) as appropriate. Cohort difference in age,
sex, and ethnicity were determined using independent
t-test for continuous variables and χ 2 test for categorical variables.
We first identified ocular predictors of macular
thickness measures in univariable models. Ocular
measures that were significantly associated with
macular thickness measures in the univariable models
were included in the multivariable analyses. Because
of the strong correlation between refractive error
and axial length, only axial length was included as
an independent measure in the analyses. Next, we
explored the association of the three main measures
(foveamin , full retinal, and ORL thicknesses) with
BCVA as the dependent variable. All analyses involving ocular measures as the outcome were conducted
using generalized estimating equations, because they
were able to account for covariates, missing data, and
the non-normal distribution of the data. To account
for the within-subject correlation between two eyes, an
exchangeable correlation structure was implemented
in the models.35,36 The level of significance was set at
P < 0.05. However, in the analyses involving macular
thickness measures, this was adjusted to P < 0.017
with the Bonferroni correction applied to account
for the multiple comparisons (0.05 divided by three
main measures). To assess the impact of the different VA charts used in the KYAMS and Raine Study,
we additionally performed a sensitivity analysis by
exploring the relationship between BCVA and retinal
thickness in the two cohorts separately.

Results
After excluding participants with poor SD-OCT
scan qualities (including scans that are decentered,
truncated, or with low signal-to-noise ratio), those
←
Figure 3. Median [and 2.5th to 97.5th percentile] thicknesses of
the (A) full retina, (B) outer retinal layers, and (C) ganglion cell–inner
plexiform layer (GCIPL) at the central macula (0.5 mm radius around

the fovea), inner macular (region between 0.5 and 1.5 mm radius
around the fovea; S1, T1, I1, and N1), and outer macula (regions
between 1.5 and 3.0 mm radius around the fovea; S2, T2, I2, and N2).
N/A, not applicable, as GCIPL not present at central macula.
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Table 2. Multivariable Analyses for Predictors of the Main Retinal Thickness Measures (μm)
Foveamin
Estimate [95%CI]
Age (per 1-year increase)
Male sex (ref = female)
Ethnicity (ref = Caucasian)
East Asian
South Asian
Other/mixed
Raine study cohort (ref = KYAMS)
Axial length (per 1 mm increase)

−0.28 [−1.7 to 1.1]
5.9 [−42 to 7.7]
−6.0 [−11.3 to −0.6]
−4.6 [−7.1 to −2.1]
−10.3 [−15.2 to −5.3]
−2.8 [−13.4 to 7.8]
1.3 [0.5 to 2.2]

Full Retina

ORL

Wald χ 2

P Valuea

Estimate [95%CI]

Wald χ 2

P Valuea

Estimate [95%CI]

Wald χ 2

P Valuea

0.5
75.1

0.48
<0.001

−1.8 [−3.4 to −0.3]
11.0 [9.0 to 13.0]

5.2
120.9

0.022
<0.001

−0.7 [−1.0 to −0.4]
0.8 [0.4 to 1.2]

19.4
13.6

<0.001
<0.001

7.5
30.2
22.7
0.8
17.1

0.006
<0.001
<0.001
0.38
<0.001

−12.8 [−19.7 to −5.8]
−12.4 [−19.1 to −5.6]
−10.9 [−14.0 to −7.8]
−11.8 [−23.5 to 0.0]
−0.3 [−0.6 to 0.1]

12.9
12.8
47.1
3.8
1.7

<0.001
<0.001
<0.001
0.05
0.19

0.0 [−2.2 to 1.9]
0.5 [−0.2 to 1.2]
−0.5 [−2.3 to 1.4]
−4.6 [−7.0 to −2.2]
−0.1 [−0.3 to −0.0]

0.0
1.7
0.2
14.0
2.4

0.98
0.19
0.63
<0.001
0.12

Values in bold show significant associations.
CI, confidence interval; foveamin , minimum foveal thickness; KYAMS, Kidskin Young Adult Myopia Study; ORL, outer retinal
layers.
a
Statistically significant associations at P < 0.017 with the Bonferroni correction shown in bold.

with posterior segment pathology or previous uveitis,
and amblyopic eyes, 3174 eyes of 1604 participants
were included in the analysis (Fig. 2). There was no
significant difference in age, sex, or ethnicity between
those participants included and those removed from
the analysis (P > 0.05). As shown in Table 1, the
KYAMS Study participants were significantly older,
with a higher proportion of females, than in the Raine
Study. Additionally, the Raine Study participants were
on average more hyperopic and had higher IOPs than
the KYAMS cohort.

Macular Thickness Profile
The median foveamin thickness of the combine
cohort was 223 μm (95% confidence interval = 222
to 224; IQR= 214 to 235; 2.5th to 97.5th percentile
= 198.0 to 269.1). The median thicknesses of the full
retina, ORL, and GCIPL are shown in Figure 3 with
the 2.5th and 97.5th percentile, and in Supplementary
Figure S1 with the 95% confidence interval and IQR.
The full retina was thickest at the N1, S1, and I1 regions
of the macula, and thinnest centrally. The ORL, on
the other hand, was thickest centrally and gradually
thinned towards the periphery (Figs. 1 and 3). The
median and 2.5th to 97.5th percentile of the full retinal,
ORL, and GCIPL thicknesses broken down by sex and
axial length are provided as Supplementary Material S2
to S5.
In the univariable analyses, corneal radius, CCT,
and IOP were not significant predictors of any retinal
thickness variable (P > 0.05) and were thus not
included in the multivariable analyses. Table 2 shows
the results of the multivariable analysis for predictors of the three main measures. Older age was
independently associated with thinner ORL (P =
0.001), whereas all three macular thickness measures
were significantly lower in females compared to males

Figure 4. Best-corrected visual acuity as a function of full retinal
thickness the central macula (0.5 mm radius around the fovea). Error
bars: standard errors.

(all P < 0.001; Table 2). Additionally, Caucasians had
thicker foveamin and fuller retinas than those of other
ethnicities (all P < 0.001).
Axial length was associated with the foveamin ,
which was reduced by 1.31 μm in thickness for each
1 mm increase in axial length. However, no relationship between axial length and the other retinal thickness measures at any macular regions were observed.

Association With BCVA
Thicker full retina at the central macula (C0 region)
was independently associated with better BCVA (χ 2 =
5.8, P = 0.016), after correcting for age, sex, ethnicity,
cohort, and axial length. However, the effect size was
small: an approximately 100 μm increase in full retinal
thickness was associated with only a −0.06 logMAR
change (a three-letter improvement) in BCVA (Fig. 4;
Supplementary Fig. S6). Foveamin and central ORL
were not associated with BCVA (P = 0.16 and 0.12,
respectively).

Macular Thickness and BCVA in Young Adults

Increased thickness of the full retina at the I1, T1,
and T2 regions of the macula were each independently
associated with better BCVA (all P < 0.016). There was
a trend toward similar associations between BCVA and
the full retinal thickness at the other macular regions,
as well as with the ORL thicknesses, but these did
not reach statistical significance with the Bonferonni
correction. In the sensitivity analysis, effect sizes and
direction of association between BCVA and full retinal
remained similar when the two cohorts were analyzed
separately (Supplementary Table S7).

Discussion
We described the macular thickness profile, including those of the presumed foveal pit, the full retina,
ORL, and GCIPL, in a cohort of young healthy adults.
In agreement with previous studies involving individuals of different ages and refractive status, the full
retina7–9,18–22,37 was thickest superiorly, inferiorly, and
nasally at the inner macular ring and thinnest centrally.
The full retinal thickness at the macula in young
adults has been reported in earlier studies,7–9,21,22
but all included relatively small samples and individuals with myopia, and thus their findings may not
be generalizable. In our study, we examined more
than 1600 participants in a population-based sample
of young Australian adults and found a full retinal
thickness of 285 μm at the central macula, which
is slightly thicker than values reported previously
(187 to 255 μm) in smaller studies involving participants with low or no myopia.7–9 At the inner and outer
macular rings, the full retinal thickness ranged from
285 to 354 μm in the current study, varying according to the ETDRS macular region, which was also
thicker than those previously reported in young adults
with low or no myopia (range 228 to 330 μm).7–9
There could be several reasons for this discrepancy.
First, many of these previous studies were conducted
in East Asian individuals who, as we have demonstrated, have thinner retinas compared to Caucasians,
who were the majority of our sample. Vincent et al.21
similarly reported that their Caucasian participants
had thicker retinas at most macular regions compared
to individuals of Asian descent. Second, different
SD-OCT models, which are known to have different
definitions of the outer boundary of the retina, were
used between studies. The Stratus identifies the outer
boundary as the junction between the inner and outer
segments of the photoreceptor layer, the Cirrus detects
it just anteriorly to the interface of the RPE and the
photoreceptors, while the Spectralis detects it at this
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interface. Correspondingly, the Spectralis, which was
used in the current study, tends to produce higher
thickness values compared to the Cirrus38 or Stratus,39
which were used in previous studies.7–9 Third, the
macular measurements in our study were corrected
for transverse magnification effects during the image
analyses process. Although this is a more accurate
measurement of the macular thickness in the ETDRS
area, this may have not been done in most previous
studies.7–9,17,19,20,40
The ORL and GCIPL thickness profiles in general
populations have received limited attention in the literature. Using Cirrus high-definition OCTs, two studies
in Asia41,42 and one in the United States43 reported
average GCIPL thicknesses at the macula of 82 μm in
participants aged 18 to 84 years. The authors additionally reported that sectoral macular GCIPL thickness
ranged from 79 to 85 μm, with the thickest and
thinnest sectors being the superonasal and inferotemporal, respectively. Unfortunately, we were unable to
directly compare our findings with those of previous
studies’ given the different regions of measurement
at the macula between OCTs (i.e., Cirrus: 6 sectors
versus Spectralis: 9 ETDRS regions). Nonetheless, we
noted that the GCIPL was thickest at the nasal macular
region, in accordance with previous studies.41–43 We
also observed that the thickness profile of the GCIPL
was similar to that of the full retina: thinnest at the
central macular and thickest at the nasal, superior, and
inferior inner macula.
In keeping with previous studies involving healthy
children17 or adults of various ages,44–46 we found that
the ORL was thickest at the central macula and evenly
thinned in all directions away from the fovea. This
thickness pattern reflects the longer outer segment of
the cones and the taller retinal pigmented epithelial
cells at and close to the fovea. The high density of
photoreceptors at the fovea, which gradually decreases
with increasing eccentricity, may also contribute to the
ORL thickness pattern at the macula. We additionally
found a significant inverse association between age and
the three macular thickness measures, which reflects
the decrease in photoreceptor density with increasing
age.47 In their cross-sectional study of 297 adults aged
18 to 87 years, Nieves-Morena et al.45 reported that the
ORL at the central macular decreases by 0.09 μm/yr,
which is a considerably lower rate than our observed
0.6 μm/yr. However, the study by Nieves-Morena
et al. 45 did not correct for potential confounders, such
as sex and axial length. Moreover, given the crosssectional nature of the previous and the current studies,
any age effect should be interpreted conservatively until
findings from longitudinal studies are available to draw
further conclusions.

Macular Thickness and BCVA in Young Adults

Previous reports7–9,17,19,20,40 have noted strong
associations between axial length and full retinal or
ORL thicknesses. Researchers have suggested that
elongation of the eyeball in myopia occurs predominantly in the axial direction,48 which stretches out
the retinal layers at the mid-periphery whereas the
central retina is relatively less affected by the stretching. Sato et al.49 posited that traction of the vitreous with axial elongation results in elevation of the
fovea, which may be linked to the increased the risk of
macular pathologies in high myopia.50 However, with
our magnification-corrected data, we failed to find such
an association. Previous studies that have reported
associations between axial length and retinal thickness
did not correct for magnification effects. This would
result in imaging over a larger area in longer eyes,
leading to lower values of retinal thickness because of
the SD-OCT software averaging the data points over
larger and more peripheral areas. Likewise, the SDOCT software would average the retinal thickness over
a smaller central area in shorter eyes, consequently
producing higher retinal thickness values.
We additionally found that the full retinal thickness was independently associated with BCVA. Indeed,
several studies6,11–14,51–54 have reported that retinal
thickness was an important predictor of VA in eyes
with macular diseases, although the direction of association depended on the type of pathology. The Singapore Epidemiology of Eye Diseases study16 recently
confirmed that the association between full retinal
thickness and BCVA holds true even in older adults
with healthy eyes, albeit with a small effect size.16 The
effect size found in the current study was similarly
small—with a 100 μm increase in central macular thickness (∼35% of the thickness) required for a three-letter
improvement required for a one-letter improvement in
BCVA. The relationship between retinal thickness and
BCVA does not appear to be clinically significant.
A main strength of the current study is the large
sample size of young adults in the general population
with healthy eyes, resulting in a narrow 95% confidence
interval. Although our participants were recruited from
two cohort studies with statistically different ages and
who were tested using different VA charts, we were able
to demonstrate that the association between BCVA
and retinal thickness was independent of cohort in
the sensitivity analysis. Moreover, unlike most previous studies, we corrected for transverse magnification
effects because of different axial lengths, which may
increase the accuracy of the average retinal thickness
measurements over the central ETDRS grid. A limitation of the study is the young age of our sample
comprising a majority of Caucasians, and, hence, our
findings may not be generalizable to other age groups
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or ethnicities. Additionally, we used a 31-line raster
scan to map the macular thickness, which is less dense
than that used in some studies.13,16,21 The macular
thickness profile mapped by the current study may also
not be suitable to be used as a reference in studies that
use OCTs other than a Spectralis SD-OCT given the
known discrepancy in retinal thickness measurements
taken by different machines.38,39
In summary, we mapped the thickness profile of
the full retina, ORL, and GCIPL at the macula in
a population-based sample of healthy young adults,
which serves as a useful reference for future studies on
young Caucasian adults. Age and sex were key predictors of retinal thickness. Full retinal thickness is associated with BCVA; however, this association may not be
clinically significant and varies according to macular
region.

Acknowledgments
The authors thank Maria Franchina, Beth Salisbury, and Magdalena Blaszkowska for their assistance
in the analysis. We would like to additionally acknowledge the Kidskin Young Adults Myopia Study participants, the Raine Study participants and their families,
as well as the Raine Study staff and the Lions Eye Institute research staff and studies for cohort coordination
and data collection.
The eye data collection of the Gen2 20-year followup of the Raine Study was funded by Australian
National Health and Medical Research Council
(NHMRC) (GNT1021105), Ophthalmic Research
Institute of Australia (ORIA), Alcon Research Institute, Lions Eye Institute, and the Australian Foundation for the Prevention of Blindness. The core management of the Raine Study is funded by The University
of Western Australia, Curtin University, Telethon Kids
Institute, Women and Infants Research Foundation,
Edith Cowan University, Murdoch University, The
University of Notre Dame Australia and the Raine
Medical Research Foundation. GL is supported by an
Australian Government Research Training Stipend. SY
is supported by a NHMRC Early Career Fellowship.
FKC is supported by a Medical Research Future Fund
Career Development Fellowship (MRF1142962).
DAM is supported by a NHMRC Practitioner Fellowship.
Disclosure: S.S.-Y. Lee, None; G. Lingham, None;
D. Alonso-Caneiro, None; J. Charng, None; F.K. Chen,
None; S. Yazar, None; D.A. Mackey, None

TVST | March 2021 | Vol. 10 | No. 3 | Article 8 | 9

Macular Thickness and BCVA in Young Adults

References
1. Steiner M, Esteban-Ortega MDM, MunozFernandez S. Choroidal and retinal thickness in
systemic autoimmune and inflammatory diseases:
a review. Surv Ophthalmol. 2019;64(6):757–769.
2. Ngolab J, Honma P, Rissman RA. Reflections
on the Utility of the Retina as a Biomarker for
Alzheimer’s Disease: A Literature Review. Neurol
Ther. 2019;8(Suppl 2):57–72.
3. Phadikar P, Saxena S, Ruia S, Lai TY, Meyer CH,
Eliott D. The potential of spectral domain optical coherence tomography imaging based retinal
biomarkers. Int J Retina Vitreous. 2017;3:1.
4. Karadag AS, Bilgin B, Soylu MB. Comparison of
optical coherence tomographic findings between
Behcet disease patients with and without ocular
involvement and healthy subjects. Arq Bras Oftalmol. 2017;80(2):69–73.
5. Liu GY, Utset TO, Bernard JT. Retinal nerve
fiber layer and macular thinning in systemic lupus
erythematosus: an optical coherence tomography
study comparing SLE and neuropsychiatric SLE.
Lupus. 2015;24(11):1169–1176.
6. Wood A, Binns A, Margrain T, et al. Retinal
and choroidal thickness in early age-related
macular degeneration. Am J Ophthalmol.
2011;152(6):1030–1038.e1032.
7. Cheng SC, Lam CS, Yap MK. Retinal thickness in
myopic and non-myopic eyes. Ophthalmic Physiol
Opt. 2010;30(6):776–784.
8. Hwang YH, Kim YY. Macular thickness and
volume of myopic eyes measured using spectraldomain optical coherence tomography. Clin Exp
Optom. 2012;95(5):492–498.
9. Wu PC, Chen YJ, Chen CH, et al. Assessment
of macular retinal thickness and volume in normal eyes and highly myopic eyes with thirdgeneration optical coherence tomography. Eye.
2008;22(4):551–555.
10. Read SA, Alonso-Caneiro D, Vincent SJ. Longitudinal changes in macular retinal layer thickness in
pediatric populations: Myopic vs non-myopic eyes.
PloS One. 2017;12(6):e0180462.
11. Nicholas S, Riley A, Patel H, Neveldson B, Purdie
G, Wells AP. Correlations between optical coherence tomography measurement of macular thickness and visual acuity after cataract extraction.
Clin Exp Ophthalmol. 2006;34(2):124–129; quiz
194.
12. Diabetic Retinopathy Clinical Research N, Browning DJ, Glassman AR, et al. Relationship between
optical coherence tomography-measured central

13.

14.

15.

16.

17.
18.

19.

20.

21.

22.

23.

24.

retinal thickness and visual acuity in diabetic macular edema. Ophthalmology. 2007;114(3):525–536.
Murakami T, Nishijima K, Sakamoto A, Ota M,
Horii T, Yoshimura N. Association of pathomorphology, photoreceptor status, and retinal thickness with visual acuity in diabetic retinopathy. Am
J Ophthalmol. 2011;151(2):310–317.
Sandberg MA, Brockhurst RJ, Gaudio AR,
Berson EL. The association between visual acuity and central retinal thickness in retinitis pigmentosa. Invest Ophthalmol Vis Sci. 2005;46(9):3349–
3354.
Flores-Moreno I, Ruiz-Medrano J, Duker JS,
Ruiz-Moreno JM. The relationship between retinal
and choroidal thickness and visual acuity in highly
myopic eyes. Br J Ophthalmol. 2013;97(8):1010–
1013.
Poh S, Tham YC, Chee ML, et al. Association
between macular thickness profiles and visual function in healthy eyes: the Singapore Epidemiology of Eye Diseases (SEED) Study. Sci Rep.
2020;10(1):6142.
Read SA, Collins MJ, Vincent SJ, Alonso-Caneiro
D. Macular retinal layer thickness in childhood.
Retina. 2015;35(6):1223–1233.
Yanni SE, Wang J, Cheng CS, et al. Normative reference ranges for the retinal nerve fiber layer, macula, and retinal layer thicknesses in children. Am J
Ophthalmol. 2013;155(2):354–360.e351.
Jin P, Zou H, Zhu J, et al. Choroidal and retinal thickness in children with different refractive
status measured by swept-source optical coherence
tomography. Am J Ophthalmol. 2016;168:164–176.
Duan XR, Liang YB, Friedman DS, et al. Normal macular thickness measurements using optical coherence tomography in healthy eyes of adult
Chinese persons: the Handan Eye Study. Ophthalmology. 2010;117(8):1585–1594.
Vincent SJ, Collins MJ, Read SA, Carney LG.
Retinal and choroidal thickness in myopic
anisometropia. Invest Ophthalmol Vis Sci.
2013;54(4):2445–2456.
Tan CS, Cheong KX, Lim LW, Li KZ. Topographic variation of choroidal and retinal thicknesses at the macula in healthy adults. Br J Ophthalmol. 2014;98(3):339–344.
Lingham G, Milne E, Cross D, et al. Investigating
the long-term impact of a childhood sun-exposure
intervention, with a focus on eye health: protocol
for the Kidskin-Young Adult Myopia Study. BMJ
Open. 2018;8(1):e020868.
McKnight CM, Newnham JP, Stanley FJ, et al.
Birth of a cohort—the first 20 years of the Raine
Study. Med J Aust. 2012;197(11):608–610.

TVST | March 2021 | Vol. 10 | No. 3 | Article 8 | 10

Macular Thickness and BCVA in Young Adults

25. English DR, Milne E, Jacoby P, Giles-Corti B,
Cross D, Johnston R. The effect of a schoolbased sun protection intervention on the development of melanocytic nevi in children: 6-year
follow-up. Cancer Epidemiol Biomarkers Prev.
2005;14(4):977–980.
26. Attebo K, Mitchell P, Cumming R, Smith W,
Jolly N, Sparkes R. Prevalence and causes of
amblyopia in an adult population. Ophthalmology.
1998;105(1):154–159.
27. Wang Y, Liang YB, Sun LP, et al. Prevalence and
causes of amblyopia in a rural adult population
of Chinese the Handan Eye Study. Ophthalmology.
2011;118(2):279–283.
28. Chua B, Mitchell P. Consequences of amblyopia
on education, occupation, and long term vision
loss. Br J Ophthalmol. 2004;88(9):1119–1121.
29. Lee SSY, Lingham G, Alonso-Caneiro D, et al.
Choroidal thickness in young adults and its association with visual acuity. Am J Ophthalmol.
2020;214:40–51.
30. Lingham G, Mackey DA, Sanfilippo PG, et al.
Influence of prenatal environment and birth
parameters on amblyopia, strabismus, and anisometropia. J AAPOS. 2020;24(2):74.e1–74.e7.
31. Araki S, Miki A, Yamashita T, et al. A comparison
between amblyopic and fellow eyes in unilateral
amblyopia using spectral-domain optical coherence tomography. Clin Ophthalmol. 2014;8:2199–
2207.
32. Al-Haddad CE, Mollayess GM, Cherfan CG, Jaafar DF, Bashshur ZF. Retinal nerve fibre layer and
macular thickness in amblyopia as measured by
spectral-domain optical coherence tomography. Br
J Ophthalmol. 2011;95(12):1696–1699.
33. Chung HK, Han YK, Oh S, Kim SH. Comparison of optical coherence tomography measurement reproducibility between children and adults.
PloS One. 2016;11(1):e0147448.
34. Grading diabetic retinopathy from stereoscopic
color fundus photographs–an extension of the
modified Airlie House classification. ETDRS
report number 10. Early Treatment Diabetic
Retinopathy Study Research Group. Ophthalmology. 1991;98(5 Suppl):786–806.
35. Glynn RJ, Rosner B. Regression methods when the
eye is the unit of analysis. Ophthalmic Epidemiol.
2012;19(3):159–165.
36. Ying GS, Maguire MG, Glynn R, Rosner B. Tutorial on biostatistics: linear regression analysis of
continuous correlated eye data. Ophthalmic Epidemiol. 2017;24(2):130–140.
37. Liu L, Zou J, Jia L, Yang JG, Chen SR. Spectraland time-domain optical coherence tomography

38.

39.

40.
41.

42.

43.

44.

45.

46.
47.

48.
49.

measurements of macular thickness in young
myopic eyes. Diagn Pathol. 2014;9:38.
Leite MT, Rao HL, Weinreb RN, et al. Agreement
among spectral-domain optical coherence tomography instruments for assessing retinal nerve fiber
layer thickness. Am J Ophthalmol. 2011;151(1):85–
92.e81.
Grover S, Murthy RK, Brar VS, Chalam KV. Comparison of retinal thickness in normal eyes using
Stratus and Spectralis optical coherence tomography. Invest Ophthalmol Vis Sci. 2010;51(5):2644–
2647.
Jonas JB, Xu L, Wei WB, et al. Retinal thickness and axial length. Invest Ophthalmol Vis Sci.
2016;57(4):1791–1797.
Koh VT, Tham YC, Cheung CY, et al. Determinants of ganglion cell-inner plexiform layer thickness measured by high-definition optical coherence tomography. Invest Ophthalmol Vis Sci.
2012;53(9):5853–5859.
Lee SY, Jeoung JW, Park KH, Kim DM. Macular ganglion cell imaging study: interocular symmetry of ganglion cell-inner plexiform layer thickness in normal healthy eyes. Am J Ophthalmol.
2015;159(2):315–323.e312.
Mwanza JC, Durbin MK, Budenz DL, et al. Profile
and predictors of normal ganglion cell-inner plexiform layer thickness measured with frequencydomain optical coherence tomography. Invest Ophthalmol Vis Sci. 2011;52(11):7872–7879.
Loduca AL, Zhang C, Zelkha R, Shahidi M.
Thickness mapping of retinal layers by spectraldomain optical coherence tomography. Am J Ophthalmol. 2010;150(6):849–855.
Nieves-Moreno M, Martinez-de-la-Casa JM,
Morales-Fernandez L, Sanchez-Jean R, SaenzFrances F, Garcia-Feijoo J. Impacts of age and
sex on retinal layer thicknesses measured by
spectral domain optical coherence tomography
with Spectralis. PloS One. 2018;13(3):e0194169.
Won JY, Kim SE, Park YH. Effect of age and sex
on retinal layer thickness and volume in normal
eyes. Medicine (Baltimore). 2016;95(46):e5441.
Panda-Jonas S, Jonas JB, Jakobczyk-Zmija
M. Retinal photoreceptor density decreases
with age. Ophthalmology. 1995;102(12):1853–
1859.
Atchison DA, Schmid KL, Pritchard N. Neural
and optical limits to visual performance in myopia.
Vis Res. 2006;46(21):3707–3722.
Sato A, Fukui E, Ohta K. Retinal thickness
of myopic eyes determined by spectralis optical coherence tomography. Br J Ophthalmol.
2010;94(12):1624–1628.

Macular Thickness and BCVA in Young Adults

50. Saw SM, Gazzard G, Shih-Yen EC, Chua WH.
Myopia and associated pathological complications. Ophthalmic Physiol Opt. 2005;25(5):381–
391.
51. Liang H, Crewther DP, Crewther SG, Barila
AM. A role for photoreceptor outer segments
in the induction of deprivation myopia. Vis Res.
1995;35(9):1217–1225.
52. Liu X, Shen M, Yuan Y, et al. Macular Thickness Profiles of Intraretinal Layers in Myopia Evaluated by Ultrahigh-Resolution Optical Coherence
Tomography. Am J Ophthalmol. 2015;160(1):53–
61.e52.

TVST | March 2021 | Vol. 10 | No. 3 | Article 8 | 11

53. Chen W, Wang Z, Zhou X, Li B, Zhang
H. Choroidal and photoreceptor layer thickness in myopic population. Eur J Ophthalmol.
2012;22(4):590–597.
54. Okada K, Yamamoto S, Mizunoya S, Hoshino A,
Arai M, Takatsuna Y. Correlation of retinal sensitivity measured with fundus-related microperimetry to visual acuity and retinal thickness in eyes
with diabetic macular edema. Eye. 2006;20(7):805–
809.

