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INTRODUCTION

	 High myopia, also known as pathological 
myopia, refers to ametropia with diopter ≥ 
-6.0D or AL ≥26mm, accompanied by different 
degrees of degenerative changes of fundus retina 
and choroid.1 Moreover, high myopia can be 
accompanied by fundus pathological changes, 
such as choroidal neovascularization, chorioretinal 
atrophy, retinal detachment, macular hole and so 
on, seriously endangering vision and affecting 
normal life of patients.2
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ABSTRACT
Objectives: To measure choroidal thickness (CT) in highly myopia eyes using enhanced depth imaging 
spectral-domain optical tomography (EDI SD-OCT) and explore the relationship between the CT and axial 
length (AL) and corneal curvature.  
Methods: This study assessed 66 eyes of 33 patients with both eyes of high myopia (equivalent sphericity 
≥-6D or AL≥26mm) who underwent treatment at the department of ophthalmology, fourth hospital of 
Hebei Medical University from August 2020 to August 2021(High-myopia group). The control group included 
54 eyes from 27 healthy volunteers. The patients in the two groups were 18~40 years old. EDI SD-OCT was 
used to measure the CT of subfoveal choroidal thickness (SFCT) and CT from fovea to nasal and temporal 
sides at an interval of 500~2500μm. The intraocular pressure, diopter, ocular axis, corneal curvature, and 
CT were compared between the two groups. The correlation between CT, diopter and AL was measured 
by Pearson’s r.
Results: The diopter, AL, vertical corneal curvature, and CT in the high-myopia group were significantly 
higher than those in the control group (P<0.05). There was significant correlation between SFCT and AL in 
both groups (P<0.05). There was a negative correlation between AL and CT in high-myopia group (r=-0.395, 
P<0.05), and a positive correlation between AL and CT in control group (r=0.29, P<0.05). There was a weak 
correlation between AL and gender, intraocular pressure, and horizontal corneal curvature(P<0.05), and a 
negative correlation between AL and diopter (r=-0.861, P<0.001).
Conclusion: EDI SD-OCT can quantitatively measure the CT of high myopia. The CT of patients with high 
myopia was significantly thinner than that of the control group of the same age. There was a significant 
correlation between diopter, AL and CT, suggesting that AL is a parameter indicating the degree of myopia, 
and the change of CT may play a role in the occurrence and development of high myopia.
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	 Choroidal dysfunction has been observed in many 
retina diseases, such as age-related maculopathy, 
myopic retinopathy, choroidal neovascular 
diseases, central serous retinopathy and Koyanagi 
Harada disease.3 Examination methods used to 
observe choroid have their own limitations. B-mode 
ultrasound can be used to observe the increase of 
CT, but it is not enough to provide cross-sectional 
image information. Indocyanine green angiography 
is used to observe the changes of choroidal vascular 
morphology and function, but it cannot provide 
data on the changes of choroidal morphology and 
thickness.4 Although the traditional coherent optical 
tomography can clearly display the structure of 
each layer of retina, it is unable to obtain a clear 
image of choroid due to the influence of factors 
such as choroidal blood flow, pigment and pigment 
epithelial layer scattering.5 Deep enhanced OCT 
technology, combined with eye tracking and 
image noise reduction technology, allows to obtain 
choroidal cross-sectional information in vivo.6 

It provides a new method for the study of the 
pathogenesis of high myopia.
	 In the past, many studies have focused on the CT 
of high myopia and normal eyes. While the age of 
the patients varied, there were few biological data 
in the young population. In this study, we applied 
EDI-OCT technology to detect the distribution 
characteristics of CT in a group of high myopia, 
and further studied the AL, refraction correlation 
between corneal curvature and sub foveal CT.

METHODS

	 All patients were from Shijiazhuang. The patients 
were informed and voluntarily participated in the 
study. The ethic committee of our hospital has 
approved this study (No. 2021KY328). Thirty three 
patients (66 eyes) with high myopia in both eyes 
diagnosed in the ophthalmology clinic of the fourth 
hospital of Hebei Medical University from August 
2020 to August 2021 were selected the research 
objects, and 27 healthy volunteers (54 eyes) with 
normal binocular vision in the physical examination 
center of the hospital in the same period were 
selected as the normal control group.
Inclusion Criteria:
•	 Age between 18 to 40 years old to ensure 

cooperation and more clear imaging to facilitate 
the measurement of CT.

•	 high-myopia group: Diopter ≥-6D or AL≥26mm, 
best corrected visual acuity ≥ 0.8; control group: 
diopter - 3.0~+ 1.0d, and the naked visual acuity 
≥ 1.0;

•	 The intraocular pressure in the normal range of 
10~21mmhg;

Exclusion Criteria:
•	 Patients with > - 2.0D astigmatism
•	 Systemic diseases such as hypertension and 

diabetes.
•	 Diseases that affect choroidal structure, such as 

age-related macular degeneration(AMD), retinal 
detachment, macular neovascularization(CNV), 
retinal hole, retinal vein occlusion, etc;

•	 Any choroidal or retinal detachment found by 
OCT without clear choroidal image;

•	 Patients with any ophthalmic diseases such as 
glaucoma, cataract, dominant strabismus and 
retinal diseases;

•	 Have received ophthalmic surgery and laser 
surgery.

	 This study has been registered with clinical trial 
center (No.: ChiCTR2100054670) International 
standard logarithmic visual acuity chart 
(GB11533-89); Slit lamp (SLM ophthalmic slit 
lamp microscope); Ophthalmoscope (YZ6E 
ophthalmoscope); computerized automatic 
Optometry (NIDEK ARK-510A); Non-contact 
tonometer (model: NT-2000); Non-contact 
biometric (Lenstar LS900); Optical coherence 
tomography Cirrus HD-OCT (model: 4000).
	 Patients in both groups were subjected to the 
choroidal thickness (CT) measurement using 
enhanced depth imaging spectral-domain optical 
tomography (EDI SD-OCT). All patients were 
routinely examined by international standard 
visual acuity chart, computer automatic optometry, 
slit lamp microscope, non-contact tonometer, direct 
fundus endoscopy and fundus photography.
	 General clinical data, including gender, age, 
eye type, intraocular pressure, naked visual 
acuity, diopter, corrected visual acuity, anterior 
segment and fundus were recorded for all patients. 
Choroidal thickness (CT) at the fovea of macula, 
500μm, 1000μm, 1500μm, 2000μm and 2500μm on 
the temporal side, and 500μm, 1000μm, 1500μm, 
2000μm, 2500μm on the nasal side was measured. To 
exclude the impact of the circadian rhythm changes 
in choroid on the test results, all examinations were 
performed between 8:00 and 16:00.7

	 AL measurement was performed using Lenstar 
LS900 non-contact biometrics. The patient was in a 
sitting position with the mandible on the jaw rack. 
After adjusting the eye position, the focal length 
was adjusted to measure. The biometric values of 
eye axis, horizontal corneal curvature and vertical 
corneal curvature of all observation subjects were 
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measured three times. The data were analyzed and 
read with the analysis software, and the average 
value was taken.
	 Detection of choroid was done using Cirrus HD-
OCT depth enhanced imaging technology (Zeiss, 
Germany). EDI mode was used to scan the macular 
region of the posterior pole at 0° with a scanning 
line with a length of 6mm. SFCT and CT from fovea 
to nasal and temporal sides were measured every 
500μm to 2500μm. Each eye was scanned three 
times and the average of the three measurements 
was taken as the final research data. Scanned images 
were stored in the computer.
Statistical Analysis: SPSS 22.0 statistical software 
was used for data processing. The measurement 
data is expressed in ( ±S), and the independent 
sample t-test is conducted. Pearson correlation was 
used to analyze the relationship between various 
factors and CT in each group. The confidence 

interval was 5~95%; P<0.05 was considered 
statistically significant.

RESULTS

	 A total of 66 eyes of 33 patients (9 males, 24 
females) with high myopia were selected as high-
myopia group, the average age was (27.55±4.66) 
years. The control group included 54 eyes of 27 
healthy volunteers, seven males, 20 females, the 
average age was (27.33±5.65) years. There was no 
significant difference in gender and age between 
the groups (P>0.05).
	 There was no significant difference in intraocular 
pressure and horizontal corneal curvature between 
the two groups (P>0.05), but the diopter, AL and 
vertical corneal curvature in the high-myopia group 
were significantly higher than those in the control 
group (P<0.05) (Table-I).
	 SFCT in the high-myopia group was significantly 
thinner than in the control group, and the CT at 
each measurement site decreased significantly 
(P<0.001). In the high-myopia group, the temporal 
choroid was the thickest (197μm), followed by 

Corneal curvature in high myopia

Table-I: Intraocular pressure, diopter, AL and corneal curvature were compared between the two groups ( ±S).

Group Intraocular 
pressure(mmhg) Diopter(D) AL(mm) Horizontal corneal 

curvature(D)
Vertical corneal 
curvature(D)

High-myopia group 14.55±2.25 -8.12±1.95 26.50±0.15 43.24±0.20 44.59±0.21
Control group 14.71±2.22 -1.44±1.19 23.86±0.11 43.20±0.14 43.99±0.14
t 0.378 -13.72 -13.72 -0.108 -2.33
P 0.706 <0.001 <0.001 0.851 0.021

Fig.1: The distribution of CT in the two groups. In 
the high-myopia group, the thickest choroid is in the 
temporal side, the next in the fovea, and the thinnest in 
the nasal side; Control group: the choroid is the thickest 
in the fovea, the temporal side is the second, and the nasal 

side is the thinnest.

Fig.2: Scatter plot shows the relationship between 
CT and diopter in macular area, and CT is 

positively correlated with diopter.
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the fovea (187μm), and the nasal choroid was the 
thinnest (116μm). In the control group, the fovea 
choroid was the thickest (265μm), followed by the 

temporal choroid (205μm), and the nasal choroid 
was the thinnest (173μm). The average CT of each 
measurement site in the two groups is listed in 
Table-II (Fig.1).
	 There was no correlation between the intraocular 
pressure and corneal curvature (P>0.05), and 
a significant correlation between SFCT and AL 
in both groups (P<0.05). In high-myopia group, 
temporal CT 2500μm, 2000μm and 1500μm had 
no correlation with diopter and AL(P>0.05). CT in 
other positions had a significant correlation with 
diopter and AL (P<0.05). In the control group, 
nasal CT 2500μm, 2000μm, 1500μm, 1000μm and 
500μm had no significant correlation with diopter 

Hongwei Lu et al.

Table-III: Relationship between CT, 
diopter and AL in high-myopia group.

Position Diopter AL

SFCT
r 0.396 -0.395
P 0.001 0.001

Temporal 2500μm
r 0.076 -0.083
P 0.549 0.512

Temporal 2000μm
r 0.113 -0.183
P 0.375 0.149

Temporal 1500μm
r 0.229 -0.281
P 0.068 0.025

Temporal 1000μm
r 0.311 -0.374
P 0.021 0.002

Temporal 500μm
r 0.328 -0.406
P 0.008 0.001

Nasal side 500μm
r 0.419 -0.453
P 0.001 <0.001

Nasal side 1000μm
r 0.445 -0.451
P <0.001 <0.001

Nasal side 1500μm
r 0.457 -0.420
P <0.001 0.001

Nasal side 2000μm
r 0.457 -0.375
P <0.001 0.002

Nasal side 2500μm
r 0.428 -0.354
P <0.001 0.004

Fig.3: Scatter plot shows the relationship between 
CT and AL in macular area, and CT is 

negatively correlated with AL.

Table-II: CT at different distances from macular fovea in each quadrant of the two groups (μm, ( ±S)).

Position High-myopia group Control group F t P

Number of eyes 66 54
SFCT 186.94±54.337 265.00±65.641 0.07 7.63 <0.001
Nasal side 2500μm 115.61±41.216 173.07±51.540 1.868 6.38 <0.001
Nasal side 2000μm 132.52±53.437 201.44±54.969 0.526 6.89 <0.001
Nasal side 1500μm 150.47±55.354 219.46±55.714 0.316 6.73 <0.001
Nasal side 1000μm 165.14±56.825 239.22±56.087 0.014 7.09 <0.001
Nasal side 500μm 174.3±57.553 250.65±52.778 0.706 7.45 <0.001
Temporal 2500μm 180.14±55.536 205.31±49.389 0.596 2.58 0.01
Temporal 2000μm 190.42±53.635 224.43±49.624 0.249 3.55 <0.001
Temporal 1500μm 197.12±54.916 239.61±49.686 0.540 4.37 <0.001
Temporal 1000μm 192.84±55.182 246.61±49.349 0.762 5.53 <0.001
Temporal 500μm 186.20±51.933 250.63±49.007 1.294 6.88 <0.001
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and AL(P>0.05). SFCT and temporal 2500μm had 
no significant correlation with diopter (P>0.05) but 
had significant correlation with AL (P<0.05). CT in 
other positions significantly correlated with diopter 
and AL (P<0.05). (Table-III and Table-IV) (Fig.2).
	 There was no correlation between AL and 
age, left or right eye, vertical corneal curvature 
(P>0.05), but there was a weak correlation with 
gender, intraocular pressure and horizontal corneal 
curvature (P<0.05), and there was a negative 
correlation between AL and diopter (r=-0.861, 
P<0.001) (Fig.3).

DISCUSSION

	 The results of our study show that high myopia 
patients have markedly lower CT compared to 
control group of the same age. There is a significant 
difference in the CT under the macular fovea, and 
a significant correlation between diopter, AL and 
CT. Changes of choroidal outcome and function are 
closely related to the occurrence and development 
of myopia. Therefore, the study of the subtle 

morphological results and functional changes of 
choroid may help to reveal the etiology of high 
myopia and monitor the development of related 
fundus pathological changes.8

	 Our study showed that there was no correlation 
between the CT and age. The selected observation 
population was in the 18~40 year’s old range, with 
a small age span which reduced the impact of age 
factors on CT. The CT in the high-myopia group 
was significantly thinner than that in the control 
group, which was consistent with previous studies.9

	 To study the characteristics of CT distribution in 
macular area, we measured 11 points respectively. 
The results showed that in high-myopia group, the 
thickest choroid was in the temporal side, followed 
by the fovea, and the nasal side being the thinnest. 
In the control group, the choroid was the thickest 
in the fovea, followed by the temporal side, and 
the nasal side was the thinnest. We showed that 
the nasal quadrant was thinner than the macular 
and temporal quadrant, which is consistent with 
previous reports.10 This phenomenon may be caused 
by choroidal watershed and fetal choroidal fissure 
(which closes the lower choroid at seven weeks).11 

The watershed area in the macular fovea may lead 
to the thinning of the choroid during the expansion 
of the eyeball.12

	 Read et al.9 showed that CT significantly correlated 
with diopter and age. When diopter increased by 
Minus one D, SFCT was reduced by 19μm, and the 
average SFCT of myopia was 16% thinner than that 
of emmetropia. Gupta et al.13 found that in young 
patients with high myopia, CT was significantly 
thinner than that of normal eyes of the same age, 
AL, intraocular pressure. The presence of posterior 
staphyloma and chorioretinal atrophy significantly 
affect CT, Jin et al.14 suggested that CT in Chinese 
children was closely related to AL and diopter. 
Fujiwara et al.15 first pointed out that SFCT in high 
myopia was positively correlated with diopter. That 
is, SFCT decreased by 8.7μm for every Minus one D 
increase in diopter. Vincent et al. 16 found that there 
was no significant difference in retinal thickness 
between the eyes with large myopia diopter and 
contralateral eyes, but CT decreased significantly. 
Ho et al.17 found that SFCT decreased by 6.205μm 
for every Minus one D increase in diopter. Chen et 
al.18 concluded that in general, there is no significant 
difference in SFCT between left and right eyes, 
which is in agreement with the results of our study. 
	 The AL of the high-myopia group in our study 
was significantly higher than that of the control 
group. Our results are consistent with the results of 

Table-IV: Relationship between CT, 
diopter and AL in control group.

Position Diopter AL

SFCT
r -0.207 0.290
P 0.132 0.034

Temporal 2500μm
r -0.269 0.397
P 0.049 0.003

Temporal 2000μm
r -0.351 0.434
P 0.009 0.001

Temporal 1500μm
r -0.304 0.432
P 0.025 0.001

Temporal 1000μm
r -0.291 0.402
P 0.033 0.003

Temporal 500μm
r -0.222 0.347
P 0.107 0.01

Nasal side 500μm
r -0.03 0.138
P 0.829 0.319

Nasal side 1000μm
r 0.013 0.111
P 0.926 0.425

Nasal side 1500μm
r 0.147 -0.011
P 0.289 0.938

Nasal side 2000μm
r 0.099 0.021
P 0.476 0.88

Nasal side 2500μm
r 0.180 0.018
P 0.192 0.9

Corneal curvature in high myopia
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previous studies. Teberik et al.19 showed that there 
was a negative correlation between CT and AL in 
adult patients with high myopia (r=-0.490, P<0.05). 
Flores mores et al.20 found that CT decreased by 
25.91μm for every 1mm increase in AL. These 
findings were also confirmed by Takahashi et al.21

Limitations: 1) CT was measured manually with 
errors. 2) In this study, only a certain range of CT in 
the fovea, temporal and nasal sides were measured, 
but the upper and lower CT were not involved. 3) 
The sample size of this study is small, and patients 
come from the same city. More studies are needed 
to investigate these limitations when analyzing CT 
in high myopia in the future.

CONCLUSION

	 EDI SD-OCT can quantitatively measure the CT 
of high myopia. The CT of adult patients with high 
myopia was significantly thinner than that of the 
control group of the same age. There is a significant 
correlation between diopter, AL and CT, suggesting 
that AL is a parameter indicating the degree of 
myopia, and the change of CT may play a role in 
the occurrence and development of high myopia.
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