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Age- and sex-related differences in corneal
epithelial thickness measured with spectral
domain anterior segment optical coherence
tomography among Egyptians
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Abstract
Is to measure the corneal epithelial thickness (CET) in a group of healthy Egyptian population and to investigate its variation with age
and sex using spectral domain-anterior segment optical coherence tomography (SD-AS-OCT).
This cross-sectional observational study includes 240 eyes of 120 healthy individuals (60 men, 60 women). Each gender was

divided into 4 equal groups according to age as follows (18–29 years), (30–44 years), (45–59 years), and (60–80 years). The CET in 17
points over a corneal diameter of 6.0mm was measured in each subject by SD-AS-OCT. The regional thickness changes were
compared in different age groups of each gender separately and the correlations between the CET, age, and gender were analyzed.
The CET of the central cornea (2mm), the paracentral and the midperipheral zones (2–5 and 5–6mm, respectively) of all males and

females groups demonstrates highly significant changes with age (P< .001) with no significant difference between males and
females. The measured parameters in the 2 age groups below 45 and above 45 years old revealed statistically significant difference
with lower values in the elderly group (P< .001).
The CET became thinner with age in the central, paracentral, and midperipheral zones in both genders and there is no difference

between males and females. These findings could be valuable in refractive surgeries especially in age over 45.

Abbreviations: CET = corneal epithelial thickness, SD-AS-OCT = spectral domain-anterior segment optical coherence
tomography.
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1. Introduction

The corneal epithelium plays an important role in the optics of the
eye. It maintains the corneal integrity and function and influences
tear film stability.[1] The alterations of corneal epithelial thickness
(CET) are found in many pathological conditions such as contact
lens wearing,[2] dry eye and keratoconus.[3] Knowledge of the
topographic CET profile and of how it can change has been
applied in clinical evaluation of various corneal disorders[4–7] and
in refractive surgery.[8–10]

Several imaging modalities, such as high frequency scanning
ultrasound biomicroscopy,[8,11] confocal microscopy,[12–14] and
optical coherence tomography (OCT)[9,15,16] have facilitated
measurement of CET. Spectral domain-anterior segment optical
coherence tomography (SD-AS-OCT) has been reported as
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noninvasive, repeatable and reproducible method with higher
scanning speed and resolution.[4–7]

The influence of age, sex, and ethnic variability on CET has yet
to be fully explored.[8,9,13,14,17] Some authors using very high
frequency (VHF) digital ultrasound and spectral domain-OCT
reported no correlation between CET and age,[8,18] but other
study found thinning of the CET with age.[19] Also, there are
some reports of the cornea being thicker in men than in
women.[9,20–22]

1.1. Objective

After controlling the gender and ethnic factors, our objective was
tomap the corneal epithelium,measuring its thickness in different
age groups, study the effect of age and sex and to compare
between both genders using SD-AS-OCT. This study had been
performed in the Ophthalmic Unit, Faculty of Medicine, Ain
Shams University Hospitals, Cairo, Egypt, during the period of
September 2016 through February 2017.
2. Methods

The study was approved from the ethical committee of the
university and a written informed consent was obtained from all
the participants.
Two hundred forty eyes from a 120 normal healthy adults were

included in the study. Cases were divided into 8 equal groups, 4
groups of each gender according to age as follows: group 1 (18–
29 years), group 2 (30–44 years), group 3 (45–59 years), and
group 4 (60–80 years). The CET in 4 groups of each gender was
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compared with each other regarding age changes. Males and
females groups were compared together regarding gender effect.
Before enrollment, subjects with definite diagnosis of diabetes

mellitus, autoimmune disease, ocular trauma or surgery, current
or long-term topical medications, corneal opacity, corneal
dystrophies, keratoconus, myopia of >�5.00, history of contact
lens wear, and dry eye were excluded from the study.
All subjects underwent anterior segment Spectral Domain AC-

OCT with the Cirrus HD-OCT model 5000 (Carl Zeiss Meditec,
Germany). The machine takes 27,000 A-scans per second. It has
an axial resolution of 5mm, transverse resolution of 15mm, and
A-scan depth of 2mm. The super luminescent diode optical
source has a scan beam wavelength of 840nm and exposure
power at the cornea of less than 720mW. The CET was obtained
automatically by the built-in analysis software of the OCT
system.
The patient was positioned on the headrest. All scans were

performed with the patient’s eye wide open with no topical
anesthesia. The CET was measured over a 6-mm diameter. The
CET maps were generated automatically and divided into a total
of 17 sectors: 1 central 2-mm diameter zone, 8 paracentral zones
within an annulus between the 2- and 5-mm-diameter rings, and
8 midperipheral zones within an annulus between the 5- and 6-
mm-diameter rings. In addition to the average values in the 17
areas, the minimal/maximal thickness, nasal/temporal difference,
inferior–superior difference, the mean values of 8 paracentral
zones and 8 midperipheral zones and the topographic thickness
variability in these zones were calculated and compared among
the 4 age groups in both genders.
2.1. Statistics

Statistical analyses were performed using SPSS version 20.0 for
Windows (IBM Corp., Armonk, NY). One-way ANOVA was
used to compare the means of 3 or more categories. The 2-way
ANOVA was used to compare means across 2 categorical
variables. Spearman correlation was used to correlate between 2
variables that are ranks in nature. Pearson correlation was used
to correlate between 2 numerical variables. Both spearman and
Pearson correlation coefficient measure the linear association
Table 1

Corneal epithelial thickness in different sectors in male groups acco

Age gro

18–29 y 30–44 y 45–59

Central 52.19±0.77 50.30±1.44 47.84±1
Paracentral nasal 52.62±0.74 50.49±1.36 48.62±1
Paracentral lower nasal 52.61±0.74 50.50±1.21 48.42±1
Paracentral inferior 52.20±0.82 50.42±1.33 48.02±1
Paracentral lower temporal 51.77±1.04 49.96±1.44 47.47±1
Paracentral temporal 51.46±1.10 49.72±1.36 47.22±1
Paracentral upper temporal 51.21±1.09 49.59±1.45 46.93±1
Paracentral superior 51.19±1.02 49.35±1.47 47.38±1
Paracentral upper nasal 51.50±0.96 49.42±1.62 47.43±1
Midperipheral nasal 52.72±0.73 50.76±1.38 48.66±1
Midperipheral lower nasal 52.65±0.63 50.75±1.28 48.58±1
Midperipheral inferior 52.23±0.86 50.51±1.34 48.09±1
Midperipheral lower temporal 51.51±0.92 49.82±1.37 47.36±1
Midperipheral temporal 51.45±1.04 49.52±1.43 47.06±1
Midperipheral upper temporal 50.83±1.06 49.21±1.46 46.72±1
Midperipheral superior 50.77±1.11 48.96±1.53 46.68±1
Midperipheral upper nasal 51.34±1.67 49.22±1.50 46.93±1
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between 2 variables. Pairwise post hoc was used to compare
pairwise and is usually done using Bonferroni correction. P-value
of <.001 was taken to indicate a significant differences.
3. Results

A total of 240 eyes of 120 healthy Egyptian individuals (60 men,
60 women) with a mean age of 46.34±18.36 for males and
44.74±18.07 for females were included in the study.
The corneal epithelium thickness (CET) of the central cornea

(2mm) was 52.19±0.77mm, 50.30±1.44mm, 47.48±1.48mm,
and 47.89±1.60mm for the 4 males groups, respectively, and
51.58±0.82mm, 50.31±1.22mm, 48.46±0.9mm, and 47.69±
1.28mm for the 4 females groups, respectively, demonstrating
highly significant change with age (P< .001) in both gender. The
CET in all the paracentral and all the midperipheral zones (2–5
and 5–6mm, respectively) differed significantly among the 4
groups of both genders demonstrating highly significant change
with age (P< .001) (Tables 1 and 2).
The average CET of the central cornea measured 49.55±

2.26mm for males and 49.57±1.94mm for females (P= .937).
The paracentral zones measured 49.22±2.22mm for males and
49.25±1.96mm for females (P= .912). The midperipheral zones
measured 49.11±2.2mm for males and 49.15±1.95mm for
females (P= .881), demonstrating no statistically significant
difference between males and females in each of the measured
parameters. The effect of age on the parameters is not altered by
the gender (Table 3).
Figure 1 shows the distribution of the mean CET of the total

subjects in different age groups. There is significant difference in
regional thickness in all sectors P< .001. Figure 2 shows the
distribution of CET of total subjects and correlation with age (the
mean SD and the correlation coefficient in the 17measured sectors).
Comparing the measured parameters in the 2 age groups below

45 and above 45 years old revealed statistically significant
difference with lower values in the elderly group (P< .001).
Pairwise comparison showed statistically significant difference
between each pair except the 45 to 59 years and 60+ years where
in most of the parameters there was no statistically significant
difference.
rding to age.

up Correlation with age

y 60–80 y Total r P

.48 47.89±1.60 49.55±2.26 �0.619 <.001

.64 48.13±1.73 49.96±2.26 �0.624 <.001

.57 48.17±1.73 49.92±2.25 �0.642 <.001

.61 47.77±1.81 49.60±2.31 �0.625 <.001

.67 47.37±1.63 49.14±2.34 �0.609 <.001

.61 47.17±1.71 48.89±2.32 �0.602 <.001

.56 46.90±1.79 48.66±2.36 �0.602 <.001

.95 46.86±1.86 48.69±2.35 �0.600 <.001

.49 47.28±1.92 48.91±2.30 �0.591 <.001

.55 48.37±1.56 50.13±2.21 �0.634 <.001

.47 48.33±1.67 50.08±2.19 �0.638 <.001

.69 47.90±1.74 49.68±2.30 �0.627 <.001

.49 47.29±1.73 48.99±2.26 �0.617 <.001

.52 47.00±1.51 48.76±2.31 �0.618 <.001

.57 46.56±1.69 48.33±2.30 �0.624 <.001

.58 46.63±1.68 48.26±2.27 �0.606 <.001

.58 47.20±1.94 48.67±2.43 �0.590 <.001



[20,22–25]

Table 2

Corneal epithelial thickness in different sectors in 4 female groups according to age.

Age group Correlation with age

18–29 y 30–44 y 45–59 y 60–80 y Total r P

Central 51.85±0.82 50.31±1.22 48.46±0.90 47.69±1.28 49.57±1.94 �0.650 <.001
Paracentral nasal 52.13±0.97 50.91±1.22 48.94±1.05 47.82±1.22 49.95±2.01 �0.655 <.001
Paracentral lower nasal 52.21±0.76 50.74±1.08 49.02±1.15 48.07±1.31 50.01±1.93 �0.655 <.001
Paracentral inferior 51.93±0.93 50.55±1.13 48.79±1.08 47.69±1.35 49.74±1.97 �0.637 <.001
Paracentral lower temporal 51.19±1.02 49.78±1.25 48.24±1.04 47.13±1.36 49.08±1.93 �0.615 <.001
Paracentral temporal 51.05±1.12 49.68±1.20 47.91±1.16 47.01±1.20 48.91±1.95 �0.638 <.001
Paracentral upper temporal 50.80±0.96 49.30±1.24 47.77±1.37 46.49±1.38 48.59±2.04 �0.628 <.001
Paracentral superior 51.09±0.81 49.44±1.41 47.68±1.28 46.61±1.48 48.71±2.12 �0.632 <.001
Paracentral upper nasal 51.54±0.94 50.03±1.60 47.85±1.48 46.74±1.34 49.04±2.31 �0.605 <.001
Midperipheral nasal 52.11±0.91 51.03±1.29 49.05±1.35 48.01±1.25 50.05±2.01 �0.614 <.001
Midperipheral lower nasal 52.24±0.85 50.82±1.04 49.17±1.36 48.09±1.27 50.08±1.95 �0.629 <.001
Midperipheral inferior 52.00±1.08 50.57±1.22 48.86±1.15 47.81±1.38 49.81±2.01 �0.624 <.001
Midperipheral lower temporal 51.08±1.12 49.87±1.25 48.04±1.01 47.16±1.35 49.04±1.93 �0.606 <.001
Midperipheral temporal 50.91±1.18 49.77±1.40 47.96±1.12 46.81±1.33 48.86±2.02 �0.617 <.001
Midperipheral upper temporal 50.76±0.93 49.02±1.24 47.54±1.18 46.46±1.44 48.44±2.01 �0.629 <.001
Midperipheral superior 50.63±0.92 49.00±1.30 47.41±1.23 46.12±1.36 48.29±2.08 �0.648 <.001
Midperipheral upper nasal 51.02±0.97 49.57±1.60 47.58±1.19 46.42±1.66 48.65±2.24 �0.599 <.001
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In this study the mean CET found to be 49.21±2.24mm. The
superior thickness was 48.61±2.25mm, inferior thickness was
49.60±2.16mm, minimum thickness was 48.0±2.15mm, maxi-
mum thickness was 50.45±2.14mm, and topographic variability
was 0.83±0.29mm. All the obtained data were compared among
different age groups. The inferior–superior differences and the
nasal–temporal differences were significant in all of the groups.
The inferior epitheliumwas thicker than the superior one, and the
nasal epitheliumwas thicker than the temporal one. The inferior–
superior difference was larger than the nasal–temporal difference.
The minimum and the maximum CET values showed a
significant tendency toward thinning with age. The difference
in the maximal and minimal CET and topographic variability are
insignificantly affected.
The effect of age on the parameters is not altered by the gender

of the subject. Spearman correlation coefficient was calculated
between each of the measured parameters and age in years and
there was statistically significant negative moderate to strong
correlation between age and each of the measured parameters in
the whole group as well as in either gender (Table 4).
4. Discussion

Recent advances in ophthalmic technology allowed the measure-
ment of the CET, which improve corneal refractive surgery and
provide more diagnostic accuracy in some corneal diseases.[8–10]

Demographic, ethnic, and ophthalmologic factors have been
Table 3

Gender differences in corneal epithelial thickness.

Male

Age 46.34±18.36
Central 49.55±2.26
Paracentral 49.22±2.22
Midperiphery 49.11±2.20
Topographical variability 0.86±0.31

No statistically significant difference between males and females in all sectors of the cornea.

3

reported to be correlated with corneal thickness and
these factors could also influence the CET.
The influence of age on CET has yet to be fully

explained.[8,9,13,14,17]

Different studies reported no correlation between CET and
age. Reinstein et al[8] reported that the CET is correlated with
neither age nor refraction. The same finding had been reported by
Rush et al.[26] Francoz et al[18] reported no identified significant
associations between CET and age. Kanellopoulos and Asimel-
lis[9] noted increase in the topographic variability of CET with
age, but they did not find age-related differences in CET. The
contrary has been also reported. Yang et al[19] reported age-
related thinning of the CET in the paracentral and midperiphery
with age while the central 2-mm diameter zone showing no
significant change. The same finding had been reported by Kim
et al.[27]

In this study we did control gender to evaluate the correlation
of CET with age because there are some reports of the cornea
being thicker in men than in women,[9,20–22,26] and some
suggestions that endocrine differences may affect ocular tissue
growth.[28,29] In spite of this potential hormonal influence on
corneal thickness, the exact role is obscure.
There was no statistically significant difference between

males and females regarding CET in all the measured areas in all
groups of age (Table 3). There was also significant thinning in
the central 2mm of the central cornea in both genders in
the different age groups (Tables 1 and 2). Thinning of the central
Gender

Female Total P

44.74±18.07 45.54±18.19 .497
49.57±1.94 49.56±2.10 .937
49.25±1.96 49.24±2.09 .912
49.15±1.95 49.13±2.08 .881
0.82±0.28 0.84±0.30 .318

http://www.md-journal.com


Figure 1. Distribution of the mean corneal epithelium thickness of the total subjects in different age groups. There is significant difference in regional thickness in all
sectors (P< .001).
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2mm of CET in our study is uncommon finding in the previous
studies.[19,27] We also reported thinning of the paracentral
and midperipheral areas, a common finding previously
reported.[19,27]

The mean CET (central 6mm) was 49.21±2.24mm. This is in
the range of (48–59mm) which has been reported in litera-
ture.[8,9,15,26–30] We reported superior thickness of 48.61±
2.25mm, inferior 49.60±2.16mm, minimum 48.0±2.15mm,
maximum 50.45±2.14mm, and topographic variability was
0.83±0.29mm (Table 4).
The inferior epithelium was thicker than the superior one, and

the nasal epithelium was thicker than the temporal one. The
inferior–superior difference and the nasal–temporal differences
were significant in all of the groups and the inferior–superior
4

difference was larger than the nasal–temporal difference. In
accordance with our study, it has been reported that the inferior–
superior difference was always significant in most of the studies,
but the nasal–temporal difference was not always signifi-
cant.[19,27]

In all studies, inferior–superior difference was always larger
than the nasal–temporal difference.[26,27] The thinner superior
epithelium has been attributed to the effect of blinking and
friction produced by the eyelid.[8] We also reported that both the
maximum and the minimum CET tend to thin with age. In
contrary, some studies reported that the minimal CET value
showed a significant tendency toward thinning with increasing
age, while the maximum CET value remained unchanged.[19,27]

The nasal epithelium being thicker than the temporal is a



[30]

Figure 2. Distribution of corneal epithelium thickness of total subjects and correlation with age (the mean standard deviation and the correlation coefficient in the 17
measured sectors).
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previously reported unexplained finding. The reason could be due
to the fact that the nasal cornea is more protected than the
temporal cornea.
In a study done by Kanellopoulos and Asimellis[9] central

epithelial thickness was 53.28±3.34mm, superior 51.86±3.78m
m, inferior 53.81±3.44mm, minimum 48.65±4.54mm, maxi-
mum 56.35±3.80mm, and topographic variability was 1.78±
0.78mm. In a study done in normal eyes by Li et al[15] the central,
superior, and inferior epithelial thickness averages were 52.3±
3.6mm, 49.6±3.5mm, and 51.2±3.4mm.
Table 4

Comparison of corneal epithelium thickness among different age gro

Age group

18–29 y 30–44 y 45–59

Central 52.02±0.80 50.3±1.32 48.15±1.2
Paracentral 51.65±0.79 49.99±1.21 47.98±1.2
Midperiphery 51.51±0.83 49.90±1.21 47.86±1.2
Maximum 52.79±0.95 51.21±1.21 49.35±1.4
Minimum 50.44±1.02 48.74±1.37 46.68±1.2
Maximum–minimum 2.35±1.02 2.47±0.82 2.67±1.1
Nasal–temporal
Paracentral 0.30±0.64

∗∗∗
0.21±0.67

∗∗∗
0.37±0.6

Midperiphery 1.23±0.84
∗∗

1.24±0.94
∗∗

1.34±0.8
Inferior–superior
Paracentral 0.92±0.8

∗∗∗
1.08±0.84

∗∗∗
0.87±1.4

Midperiphery 1.41±0.79
∗∗∗

1.55±0.94
∗∗∗

1.42±1.0
Topographic variability 0.83±0.29 0.85±0.26 0.89±0.3
Paracentral 0.75±0.26 0.76±0.25 0.84±0.3
Midperiphery 0.89±0.36 0.93±0.31 0.93±0.3

∗
P< .001 by paired t test. P-value calculated for the 1-way ANOVA used after 2-way ANOVA proved ins

statistically significant difference, pairwise post hoc comparison was done using Bonferroni correction.
∗∗
P< .001 by paired t test.

∗∗∗
Anova showes no statistically significant difference between the four age groups

5

Agarwal reported mean epithelial thickness of 58.5±2mm
on Fourier domainOCT. Tao et al[31] reported thickness of 52.5±
2.4mm on Fourier domain OCT. Sin and Simpson[32] reported
thickness of 52±3mmon timedomainOCTwhileReinstein et al[8]

reported thickness of 53.4±4.6mm on Artemis 1 (Arc Scan) very
high-frequency digital ultrasound. Yang et al[19] reported average
CET (53.2±2.9mm) measured by OCT system (Optovue, Inc.,
Fremont, CA) in the range of (48.0–59.9mm). Rush et al[26]

reported ameanCET of 51.0mmwith a range of 43 to 61mm.The
average central CET reported by Kim et al falls within the range of
ups of both gender.

y 60–80 y P
∗

Significant pairwise comparisons

5 47.79±1.44 <.001 All except 45� and 60+ groups
9 47.33±1.46 <.001 Al
9 47.26±1.44 <.001 Al
9 48.42±1.51 <.001 Al
8 46.13±1.51 <.001 Al
6 2.29±0.84 .152 —

6
∗∗∗

0.24±0.50
∗∗∗

.529 —

8
∗∗

1.28±0.72
∗∗∗

.901 —

3
∗∗∗

0.99±0.88
∗∗∗

.696 —
∗∗∗

1.47±0.88
∗∗∗

.823 —

2 0.80±0.30 .454 —

8 0.73±0.32 .287 —

4 0.88±0.35 .744 —

ignificant effect of gender and absence on an interaction effect between age and gender. If there is a
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(48.0–59.9mm). Central ET (2mm) was reported to be 54.49±
3.36 for males and 52.98±3.69 for females.[27]

The epithelium was found to have a nonuniform thickness,
which is a common finding of previous studies.[8,9,11,15,33]Com-
paring the measured parameters in the 2 age groups below 45 and
above 45 years revealed statistically significant difference with
lower values in the elderly group. Pairwise comparison showed
statistically significant difference between each pair except the 45
to 59 years and 60 to 80 years where in most of the parameters
there was no statistically significant difference. Similar results
have been reported by Yang et al.[19]

Refractive status is another variable that could affect CET. In
all studies including our as well, all individuals were within the
range of mild refractive error (<�5.00 D). Individuals with high
myopia (>�5.00) were excluded.[21,34] Reinstein et al[8] reported
that the CET is not correlated with refraction. The same finding
had been reported by Rush et al.[26]

Ethnic variability could be a considerable factor in CET. Our
study includes only healthy Egyptian adults of all ages, the results
demonstrate that the CET did thin with age in the central 2mm
zone, paracentral zone 2 to 5mm and midperipheral zones 5 to 6
mm in all age groups and in both genders. It also demonstrated
that gender was not correlated with CET. In a study including
only healthy Korean adults of all ages the results demonstrate that
the CET did thin with age in paracentral and midperipheral with
the exception of the central zone. It also demonstrated that
gender was correlated with CET.[27]

In conclusion, age seemed to have its effect on CET of the
central 2mm, the paracentral and midperipheral cornea up to 6
mm in diameter, being thinner with increasing age. There was no
difference between males and females. These findings could be
valuable in corneal refractive surgeries especially in age above 45.
The possible explanation for the inconsistencies in the results of

different studies could be the uncontrolled factors affecting the
CET measurement such as gender, race, ethnic variability,
refraction, tear film thickness, the climatic state in the tested
region and using equipment of different technology.
We hope to have future imaging technologies with higher

resolution, with capability to cover the entire cornea and with the
ability to exclude tear film thickness in themeasurement. All these
will help in evaluation CET more accurately and confirm its
association with aging.
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