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Abstract
Objectives: This study investigated the retinal layer thickness, choroidal thickness (CT), and retinal nerve fiber layer
(RNFL) parameters in 3 refractive groups.
Methods: A total of 201 eyes of 201 subjects were enrolled in this prospective and comparative study. The patients were
divided into 3 groups according to refractive status: Group 1 consisted of 60 eyes of myopic subjects, Group 2 comprised
72 eyes of emmetropic subjects, and 69 eyes of hyperopic subjects were categorized as Group 3. The retinal layer thickness, CT, and RNFL parameters were measured using optical coherence tomography and compared between groups.
Results: The mean age of the patients was 22.33±10.11 years in Group 1, 21.55±8.3 years in Group 2, and 23.73±11.08
years in Group 3 (p=0.741). Group 1 consisted of 34 women and 26 men, Group 2 contained 44 women and 28 men,
and Group 3 was made up of 45 women and 24 men (p=0.124). The mean spherical equivalent value was −6.16±2.01 D
in Group 1, 0.13±0.5 D in Group 2, and 5.48±1.32 D in Group 3 (p<0.001). The RNFL and macular thickness values were
lower in the myopic patients compared with those of the other groups (p<0.05). The CT measurement was lower in the
myopic patients and higher in the hyperopic patients compared with the emmetropic patients (p<0.05).
Conclusion: The myopic patients had a lower CT and RNFL thickness measurement than the emmetropic and hyperopic
patients, whereas the hyperopic patients had a higher CT than the other patient types.
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Introduction
Spectral domain optical coherence tomography (SD-OCT)
is a non-invasive method to examine the posterior segment
of the eye and is important in direct observations of the
retina and the choroid (1-3). Enhanced depth imaging OCT
(EDI-OCT) is a specialized modality used for choroidal imag-

ing (3). The choroid is a highly vascular tissue layer that has
an essential role in various functional activities of the visual
system (4). In the current literature, the choroid is considered an indicator of retinal health; abnormal alterations to
the choroid have been described in retinal diseases, such as
diabetic retinopathy, age-related macular degeneration, and
central serous chorioretinopathy (5). In addition, the cho-
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roid has been shown to play an important role in the development of refractive errors in animal models (6,7).
The objective of the present study was to investigate differences in choroidal thickness (CT), retinal layer thickness,
and retinal nerve fiber layer (RNFL) parameters in 3 refractive groups.

Methods
Ethical Considerations
This prospective study was performed in the department
of ophthalmology of Adıyaman University Training and Research Hospital. The study protocol was approved by the
university clinical research ethics committee on September
22, 2020 (No: 2020/8-9) and conformed to the tenets of the
Declaration of Helsinki. Written, informed consent was obtained from all of the participants prior to their enrollment
in the study.
Study Population
This cross-sectional study included 201 eyes in 201 subjects who were categorized into 3 refractive groups. Group
1 comprised 60 eyes of myopic subjects, Group 2 included
72 eyes of emmetropic subjects, and 69 eyes of hyperopic
subjects were categorized as Group 3. Myopia was defined
as a spherical equivalent (SE) of ≤−0.75 D, hyperopia was
defined as a SE of ≥+0.75 D, and emmetropia was defined as
an SE between +0.50 and −0.50 D. Patients with astigmatism
values between -0.50 and +0.50 were included in all of the
study groups.
All of the participants underwent a total ophthalmic examination, which included evaluation of refraction, visual

Figure 1. A sample macular thickness map.
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acuity, and intraocular pressure, as well as biomicroscopy.
Patients with any ocular or systemic disease other than refractive errors were excluded.
Measurement Procedure
The peripapillary RNFL, central macula, and retinal layer
thickness parameters were evaluated using an SD-OCT device (Spectralis; Heidelberg Engineering GmbH, Heidelberg,
Germany) and Heidelberg Eye Explorer software (Heidelberg Engineering GmbH, Heidelberg, Germany). The measurements were recorded under dim lighting conditions in all
cases. The peripapillary RNFL thickness was obtained from
the 3.4 mm-diameter peripapillary circular area at the center
of the optic disk. The macular thickness map, formed by a
25-line horizontal raster scan, was centered on the fovea.
The system also measured the average thickness of the retinal layers in the macular area (Fig. 1).
The EDI capability of the OCT system was used to manually measure CT in the subfoveal region and at a distance
of 1500 µm and 3000 µm, both nasally and temporally, from
the foveal center (Fig. 2). To avoid diurnal variations in CT
values, all of the measurements were performed between 3
pm and 6 pm. Two independent examiners, who were blinded to the study and its aims, performed all of the required
measurements and the mean value was used for the analysis. Only scans that were determined to have a good signal
strength, comprising a signal-to-noise ratio of ≥20 dB, were
selected for evaluation.
Statistical Analysis
All of the statistical analyses were performed using IBM SPSS
Statistics for Windows, Version 26.0 software (IBM Corp.,
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Figure 2. A sample of enhanced depth imaging optical coherency tomography.

Armonk, NY, USA). Descriptive statistics were reported as
the mean±SD. Categorical values were compared using a
chi-squared test. The Kolmogorov-Smirnov test was used to
assess the normal distribution of the variables. Independent
samples were compared using a 2-sample t-test. A p value of
<0.05 was considered significant.

Results
A total of 201 eyes of 201 participants were enrolled in
this prospective, comparative study. Group 1 comprised 60
eyes of myopic subjects: 34 women and 26 men; Group 2
included 72 eyes of emmetropic subjects: 44 women and 28
men; and Group 3 consisted of 69 eyes of hyperopic subjects: 45 women and 24 men (sex distribution: p=0.124).
The mean age was 22.33±10.11 years (range: 10-40 years)
in Group 1, 21.55±8.3 years (range: 12-39 years) in Group
2, and 23.73±11.08 years (range: 11-39 years) in Group 3
(p=0.741). The mean SE value was −6.16±2.01 in Group 1,
0.13±0.5 in Group 2, and 5.48±1.32 in Group 3 (p<0.001).
The mean axial length (AL) was 24.5±1.2 mm in Group 1,
22.8±0.7 mm in Group 2, and 21.5±1.0 mm in Group 3. The
AL was the greatest in the myopic group, followed by the
emmetropic and hyperopic groups (all p<0.0001).
The RNFL thickness and macular thickness values were
lower in the myopic patients than in the other groups. The
peripapillary RNFL, central macular, and retinal layer thickness values are summarized in Table 1. The CT measurement was lower in myopic patients and higher in hyperopic
patients in all of the localized measurements. The CT values
of all 3 groups are shown in Table 2.
Spearman correlation analysis determined a significant
positive correlation between the refractive error and the
RNFL values at all 4 of the measured locations: RNFL global: p<0.001, r=0.424; RNFL nasal: p<0.001, r=0.387; RNFL
nasal-superior: p=0.002, r=0.322; and RNFL temporal-inferior: p=0.028, r=0.233. A positive and significant correlation

was observed between the refractive error and measurements of the macular thickness locations: temporal-inner:
p<0.001, r=0.421; superior-inner: p<0.001, r=0.451; nasal-inner: p<0.001, r=0.437; inferior-inner: p<0.001, r=0.448;
nasal-outer: p<0.001, r=0.345; and inferior-outer: p<0.001,
r=0.433. In addition, a positive correlation was found between the refractive error and the CT value at all locations:
subfoveal CT: p<0.001, r=0.712; nasal 1500 µm CT: p<0.001,
r=0.719; nasal 3000 µm CT: p<0.001, r=0.776; temporal
1500 µm CT: p<0.001, r=0.694; and temporal 3000 µm CT:
p<0.001, r=0.732.

Discussion
The choroid is a vascular tissue layer located between the
retina and the sclera that supplies oxygen and nutrients to
the sensory retina (8). Assessment of the optic nerve head
(ONH) is a key factor in the diagnosis of ocular diseases,
such as glaucoma, optic nerve edema, and myopia (9). Several studies have shown that the ONH, RNFL thickness, and
the CT peripapillary retinal thickness can vary among the
healthy population (10–12). This study was an examination
of the effects of refractive status on CT, retinal thickness,
and RNFL thickness.
Our findings indicated that patients with myopia had a
lower CT, RNFL thickness, and macular thickness compared
with the emmetropic and hyperopic patients. However,
the mean retinal layer thickness did not differ significantly
between groups. The hyperopia patients had a greater CT
compared with those in the myopic and emmetropic groups.
Kaderli et al. (13) studied the correlation between hyperopia
and CT and found that patients with hyperopia had a greater
CT, and that this was associated with increased hyperopic
errors. In a cohort study in China, patients with myopia had
a lower CT compared with emmetropic patients, and patients with high myopia had the lowest CT values (14). In
another study, Heirani et al. (15) examined CT and refractive
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Table 1. Demographic and clinical characteristics of the study groups
		

Group 1

Group 2

Group 3

p1*

p2*

p3*

		

Myopic

Emmetropic

Hyperopic

94.70±12.06

104.13±10.26

103.91±9.51

0.001

0.003

0.933

Temporal

72.41±9.64

Temporal superior

128.26±24.4

79.90±17.44

73.86±14.51

0.031

0.646

0.186

140.5±15.1

126.82±17.61

0.015

0.804

0.004

Temporal inferior

131.7±36.34

154.02±19.54

136.52±19.34

0.002

0.538

0.001

Peripapillary RNFL thickness (µm)
Global

Nasal

65.86±17.06

81.52±13.43

85.95±18.8,

<0.001

<0.001

0.296

Nasal superior

102.83±18.31

113.66±22.58

119±28

0.035

0.014

0.424

Nasal inferior

100.96±22.53

117.05±20.13

125.17±22.53

0.003

<0.001

0.155

Central

252.96±17.94

259.61±21.78

266.91±20.24

0.187

0.011

0.202

Temporal inner

312.13±21.98

329.02±18.90

327±16.07

0.001

0.006

0.672

Superior inner

326.43±23.19

345.19±16.94

342.21±17.6

<0.001

0.009

0.519

Nasal inner

326.93±19.83

341.8±18.62

343.26±19.75

0.003

0.004

0.776

Inferior inner

324.06±23.4

340.97±19.41

340.52±16.65

0.002

0.006

0.927

Temporal outer

277.7±10.17

286.72±15.01

279±22.99

0.007

0.783

0.124

Superior outer

291.36±19.1

305.38±13.14

288.6±40.19

0.001

0.742

0.064

Nasal outer

306.16±17.83

324.38±14.47

314.04±13.22

<0.001

0.082

0.008

282±17.72

294.77±12.55

293.13±16.32

0.001

0.023

0.664

Nerve fiber

11±2.33

11.58±2.37

12.43±2.9

0.320

0.06

0.223

Ganglion cell

13.76±3.99

14.11±4.5

15.21±4.6

0.746

0.226

0.365

Inner plexiform

19.36±3.32

19.52±3.22

20.47±3.77

0.843

0.261

0.306

Central macula thickness (µm)

Inferior outer
Retinal layer thickness (µm)

Inner nuclear

17.1±7.07

15.8±4.04

21.34±6.92

0.355

0.033

0.001

168.03±18.13

172.25±21.33

180.3±20.96

0.396

0.027

0.160

Outer plexiform

26.23±5.25

23.36±6.96

25.65±8.31

0.068

0.757

0.258

Outer retinal layers

84.93±3.8

87.38±4.31

86.6±4.04

0.018

0.132

0.490

Retinal pigment epithelium

16.4±2.2

16.16±1.46

15.04±2.01

0.609

0.025

0.026

Inner retinal layers

p1: Group 1 compared to Group 2; p2: Group 1 compared to Group 3; p3: Group 2 compared to Group 3; Bold denotes statistical significance (p<0.05); *:
Independent t-test; RNFL: Retinal nerve fiber layer.

status and found that patients with myopia had a lower CT
and patients with hyperopia had a greater CT. Similarly, we
also found that myopic patients had a lower CT and hyperopic patients had a greater CT.
Choroidal tissue facilitates axial extension by reshaping
the scleral extracellular matrix and plays an important role
in emmetropization (16). This has also been demonstrated
in animal models of induced myopia and hyperopia (17-18).
It has been observed that choroidal thinning occurred in the
early stage of myopia progression during emmetropization in
childhood (19). CT may be an important marker to predict
myopia and myopic progression.

Our examination of RNFL thickness between groups
revealed that myopic patients had a thinner RNFL in some
quadrants and a thinner retinal layer compared with those
in the emmetropic and hyperopic patients. No significant
difference was observed in the RNFL thickness between
the emmetropic and hyperopic groups. Oner et al. (20) also
studied the effects of refractive status and AL on RNFL
thickness, and demonstrated that myopic eyes had a thinner
RNFL than emmetropic and hyperopic eyes. In a study of
children and adolescents, myopic eyes were found to have
a thinner RNFL, whereas no RNFL thickness difference was
seen between the emmetropic and hyperopic groups (21),
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Table 2. Comparison of choroidal thickness between groups
		

Group 1

Group 2

Group 3

p1*

p2*

p3*

		

Myopic

Emmetropic

Hyperopic

Subfoveal (µm)

231.5±38.78

340.5±68.6

368.47±27.24

<0.001

<0.001

0.033

Nasal 1500 µm-diameter (µm)

198.39±51.02

302.36±64.9

336.04±29.86

<0.001

<0.001

0.009

Nasal 3000 µm-diameter (µm)
Temporal 1500 µm-diameter (µm)

159.39±52.29

242.77±58.12

326.34±36.14

<0.001

<0.001

<0.001

225.92±39.95

312.66±67.78

345.69±33.8

<0.001

<0.001

0.016

Temporal 3000 µm-diameter (µm)

203.82±50.17

286.68±58.81

326.21±21.15

<0.001

<0.001

0.003

p1: Group 1 compared to Group 2; p2: Group 1 compared to Group 3; p3: Group 2 compared to Group 3; Bold denotes statistical significance (p<0.05); *:
Independent t-test.

which suggests that myopia begins to affect the peripapillary
RNFL thickness at an early age. This thinning may be a risk
factor for the development of glaucoma, since it has been
proposed that variations in the arrangement of ONH fibers
make myopic eyes more susceptible to glaucomatous damage (22).
Limitations of this study include the small sample size and
small variation in participant age. Additional research with a
larger sample and greater range of age and sex among participants is necessary to confirm our findings.
In conclusion, the results of the present study demonstrated that myopic eyes had lower choroidal, RNFL, and
retinal layer thickness measurements, and that hyperopic
eyes had a higher CT value. This information may be valuable
in the effort to determine markers of progression and prediction of ocular disease.
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