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Abstract

Background: This study aims to examine interocular differences in the choroidal thickness and vascular density of
the choriocapillaris in anisometropic myopes and to further explore the relationship between choroidal blood flow
and myopia.

Methods: The sample comprised 44 participants with anisometropic myopia, aged 9 to 18 years, with normal best-
corrected visual acuity. All participants underwent a series of examinations, including spherical equivalent refraction
(SER) and axial length (AL), measured by a Lenstar optical biometer and optical coherence tomography angiography
(OCTA) scanner. OCT measured the choroidal thickness, vascular density, and flow voids of the choriocapillaris, and a
customized algorithm was implemented in MATLAB R2017a with the post-correction of AL. The choroidal thickness
was measured at the fovea and 0.5, 1.0, 1.5, 2.0, 2.5, and 3.0 mm nasally, temporally, inferiorly, and superiorly to the
fovea. The vascular density and the flow voids of the choriocapillaris were measured at a 0.6-mm-diameter central
circle, and the 0.6-2.5 mm diameter circle in the nasal, temporal, inferior, and superior regions. Repeated-measured
ANOVAs were used to analyze the interocular differences. Partial correlations with the K value and age adjustments
were used to study the relationships between the choroidal thickness, the choriocapillaris vascular density and flow
voids, the SER and AL.

Results: The choroidal thickness of the more myopic eyes was significantly thinner than less myopic eyes (P <0.001),
and the flow voids in the more myopic eyes were more than less myopic eyes (P=0.002). There was no significant
difference in the vascular density of the choriocapillaris between the more and less myopic eyes (P=0.525). How-
ever, when anisometropia was more than 1.50 D, the vascular density of choriocapillaris in the more myopic eyes was
significantly less than the less myopic eyes (P=0.026). The interocular difference of the choroidal thickness was signifi-
cantly correlated with the interocular difference in SER and AL in the center, superior, and inferior regions but not in
the nasal or temporal regions. The interocular differences of the vascular density and the flow voids of the choriocapil-
laris were not correlated with the interocular difference of SER and AL.

Conclusions: The choroidal thickness is thinner in the more myopic eyes. The flow void is increased, and the vascular
density of the choriocapillaris is reduced in the more myopic eyes of children with anisometropia exceeding 1.50 D.

Keywords: Myopic anisometropia, Choroidal choriocapillaris, Choroidal thickness

Introduction
In recent years, the prevalence of myopia among children
. — . and adolescents has continued to increase substantially.
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However, the exact mechanisms underlying the onset
and progression of myopia remain unclear. Several stud-
ies have found that the choroid plays an important role
in the development of myopia, as evidenced by the bidi-
rectional changes in choroidal thickness in response to
imposed myopic or hyperopic defocusing, termed “cho-
roidal accommodation” [4-8]. After wearing orthokera-
tology lenses for a period as short as 3 to 4 weeks, myopic
patients exhibited choroidal thickening. Further, after
close-range reading for a short period, choroidal thick-
ness is decreased [9-11]. This indicates that choroidal
mechanisms are involved in regulating the refractive
error in the human eye. The choroid is made of highly
vascularized tissue; its primary function is to act as a
source of nutrients and oxygen for the outer retina and
sclera. Recently, several studies have shown that the thin-
ning of the choroid and reduced perfusion occur early in
myopia development, leading to an insufficient supply of
oxygen and nutrients to the nearby sclera and ultimately
causing axial elongation and myopia [12—14]. Therefore,
it is imperative to further investigate the effect of changes
in choroidal blood flow and its association with myopia
in humans to understand the role of choroidal blood flow
in the pathogenesis of myopia.

Several clinical studies have evaluated blood perfusion
of the choriocapillaris in patients with high myopia and
other retinal diseases using optical coherence tomogra-
phy angiography (OCTA) [15-19]. However, the results
of these studies were inconsistent. While some stud-
ies reported an increase in the total and average area
of flow voids in the choriocapillaris [20, 21], others did
not find any significant differences in the choriocapil-
laris perfusion area between myopic and non-myopic
eyes [22]. One reason for this inconsistency might be
the significant variability in individual choroidal struc-
ture, making it challenging to analyze the correlations
between the choroidal vascular density and both the
development of the refractive error and axial length (AL).
Individuals with anisometropia, who have significantly
different refractive powers in each eye, are a unique and
powerful study population that can be used to address
this problem. This is because comparing the eyes of the
same individual enables us to control the effects of age,
gender, and genetic and environmental factors. Vincent
et al. reported that the interocular differences in refrac-
tion in anisometropia are mainly due to differences in the
posterior segment of the eye, such as the vitreous cham-
ber depth (VCD), AL, and choroidal thickness. Patients
exhibit similar profiles on other ocular biometric param-
eters, such as the corneal curvature, anterior chamber
depth (ACD), and crystalline lens power, and thus mini-
mized the risks of confounding variables [23]. One recent
study on anisometropic patients only examined choroidal
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thickness and did not investigate choriocapillaris changes
[24]. Although other studies have investigated the cho-
riocapillaris in adult and pediatric patients with myopic
anisometropia, these studies focused on the choriocapil-
laris flow voids and other parameters but did not exam-
ine choriocapillaris vascular density changes [25, 26].
Therefore, our study examined interocular differences in
choroidal thickness, vascular density, and flow voids of
the choriocapillaris in anisometropic myopes to further
explore the relationship between choroidal blood flow
and myopia in young patients.

Methods

Participants

This cross-sectional study included 44 anisometropic
myopes aged 9 to 18 years (14.09 £2.35 years) recruited
from the Eye Hospital of Wenzhou Medical University.
All subjects had interocular differences in their spherical
equivalent refraction (SER) of at least 1.00 D, with a best-
corrected logMAR visual acuity of 0 (20/20) or better in
each eye. For all patients, the SER of the more myopic eye
was less than —8.00 D, the SER of the less myopic eye
was less than —6.00 D, and astigmatism was less than
2.00 D. The participants underwent a series of screening
examinations, including subjective refraction, binocu-
lar vision, intraocular pressure (IOP), and ocular health
status to rule out contraindications and ensure their eli-
gibility for the study. All participants were free of ocular
and systemic diseases, had no history of ocular surgery or
trauma, had never worn orthokeratology lenses or multi-
focal soft contact lenses, and had never used low-concen-
tration atropine. This study was approved by the Office of
Research Ethics Committee at the Eye Hospital of Wen-
zhou Medical University and was performed in line with
the tenets of the Helsinki Declaration. Written informed
consent was obtained from all participants and their legal
guardians.

Screening and imaging

Each subject’s refractive error was measured without
cycloplegia. After auto-refraction, subjective refraction
was performed. All subjects underwent an examination
by an experienced ophthalmologist at the Eye Hospital of
Wenzhou Medical University. SER was measured as the
spherical power plus half of the cylindrical power.

The AL (defined as the distance from the front of the
central cornea to the front of the retinal pigment epithe-
lium), keratometry (K), central corneal thickness (CCT),
ACD, and lens thickness (LT) were measured using a
Lenstar LS 900 optical biometer (Haag-Streit, Streit,
Koeniz, Switzerland). The VCD was calculated using the
following formula: VCD=AL — CCT —ACD —LT. Each
eye was measured at least five times until the difference
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(maximum value — minimum value) in AL over five con-
secutive measurements were within 20 pm.

Choroidal structure images were acquired using a spec-
tral domain optical coherence tomography (SD-OCT)
scanner (Optovue RTvue OCT instrument). The light
wavelength was 840 £ 10 nm, and the scanning speed was
70,000 A-scan/s, providing an axial resolution of 5 pm
and a lateral resolution of 15 um. The horizontal and ver-
tical choroidal thickness images were scanned centering
on the fovea using the Enhance HD line mode. A total of
250 frames averaged for each B-scan. The scan line length
was 9 mm, the “chorioretinal” mode was selected, and
the images were collected and recorded when the signal
strength was greater than 40.

Images of the choriocapillaris were obtained in the
Angio Retina (3 x 3 mm) mode, centered on the fovea.
This refers to each B-scan containing 304 A-scans of vari-
ous meridians in this 3 x 3 mm square area. The scans
were repeated 24 times in two directions and were auto-
matically integrated when the scanning quality was no
worse than 6.

We did not exclude participants with habitual uncor-
rected, undercorrected, or overcorrected refractive
errors. However, we completed the refraction before per-
forming SD-OCT and OCTA. The subjects were then
directed to have a rest and watched a 5-m distanced
video on television for 10 min with full-distance sphere
and astigmatism correction. This was done to eliminate
the effect of any previous visual stimuli on the cho-
roid, including high accommodation [9] and sphere and
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astigmatism defocus [5, 27]. All measurements were con-
ducted between 9:30 and 11:30 a.m. in a dark room to
decrease the influence of diurnal variation on the choroid
[28].

Image data processing

The choroidal thickness and vascular density of the chori-
ocapillaris were extracted and measured by a customized
algorithm using MATLAB R2017a, with the post-correc-
tion of AL. Segmentations of retinal pigment epithelial
(RPE)-Bruch’s membrane complex and the choroid-sclera
interfaces were adjusted manually by a trained examiner.

The ocular magnification was adjusted using Bennett’s
formula, and all images were corrected using the AL. The
relationship between the OCT image measurements and
the actual scan diameter was expressed by the formula
t=p X q x s, where ¢ represents the actual scan diameter,
p represents the magnification factor determined by the
camera of the OCT imaging system, g represents the
magnification factor concerning the eye, and s represents
the original measurement value obtained from the OCT
image. The g was determined according to the equation
q=0.01306 x (AL — 1.82) [29].

Choroidal thickness was defined as the axial distance
from the outside of the retina pigment epithelium to the
choroid sclera boundary. The measurement position was
at the fovea, and it was 0.5, 1.0, 1.5, 2.0, 2.5, and 3.0 mm
nasally, temporally, inferiorly, and superiorly to the fovea
(Fig. 1) [30]. The choroid thicknesses were analyzed in
five regions that corresponded with the 3.0-mm-diameter

1.5 mm

RPE/Choroidal interface

Co

Choroidal/Scleral interface

Subfoveal Choroidal Thickness

Fig. 1 Choroidal thickness measurements on Optovue RTvue OCT enhance-line scans
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region of the vascular density and flow voids of the cho-
riocapillaris. The subfoveal choroidal thickness (SFCT)
was taken from the average value of the SFCT on the hor-
izontal and vertical meridians and the nasal, temporal,
superior, and inferior regions (the mean value of the 1.5-,
1.0-, and 0.5-mm points in each region).

The choriocapillaris was defined as the structure
located from 9 um above (upper border) to 31 um below
(lower border) Bruch’s membrane and was automatically
recognized by the OCT system. A low brightness thresh-
old (average pixel brightness of the superficial layer of the
retina in the 1-3 mm region +1 SD) was used to elimi-
nate artifacts caused by larger blood vessels in the retina.
Further, the structures above this brightness threshold
were defined as vascular tissue. The density of the cho-
riocapillaris was calculated as the ratio of the pixel areas
of the choriocapillaris vessels divided by the total area
of the regions. The choriocapillaris vessels were selected
using the threshold function of the software. The chorio-
capillaris flow void was defined as a percentage between
the region absent from the flow and the total scanned
region. A thresholding method was used to calculate the
percentage of flow voids, previously described by Zhang
et al. [31]. The thresholding methods used for the den-
sity of the choriocapillaris and flow void were different,
so these parameters did not complement each other
perfectly. The image was cropped using a multiple-step
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approach, involving a 0.6-mm-diameter central circle
and a 2.5-mm-diameter circle (without the inner central
0.6 mm circle). Both circles are centered on the foveola
marked on the image. The 0.6-2.5 mm circle is divided
into the nasal, temporal, inferior, and superior areas
(Fig. 2) [15].

The choroidal thickness, the vascular density, and flow
void of the choriocapillaris were measured by two inde-
pendent observers, and the average of the measurements
from the two observers was used for the analysis.

Statistical analysis

Statistical analysis was performed using SPSS software
(version 22.0; IBM, Armonk, NY, USA). Descriptive sta-
tistics were determined as means= standard deviations.
A Shapiro—Wilk test was used for data normality analy-
sis. Paired t-tests were used to analyze the interocular
differences in SER, the biometric data collected with the
LS900, and the entire vascular area of the choriocapil-
laris. Independent sample t-tests were used to analyze
differences between the two different anisometropia
groups in age, SER, and the biometric data collected with
the LS900. Further, a chi-square test was used to com-
pare gender ratios among different groups. Three-way
repeated measures analysis of variances (ANOVA) was
performed to compare the choroidal thickness between
the fellow eyes with eyes (2 levels), points (13 levels), and

S0:6-257 7.1,
057.94%

17.99% p 19‘86%

Fig. 2 Vascular density and flow void of the choriocapillaris measurements on Optovue RTvue OCT, Angio Retina mode (3 x 3 mm). a En face OCTA
image. b OCTA choriocapillaris image. ¢ Vascular density (white) isolated from the total area. d The flow voids (white) isolated from the total area.
C0.6, the central foveal area (0-0.6 mm); N0.6-2.5, T0.6-2.5,10.6-2.5, and S0.6-2.5 represent the 0.6-2.5 mm region in nasal, temporal, inferior, and
superior, respectively. The values of the choriocapillaris vascular density and the flow voids of one subject in different sections are shown in cand d
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meridian (2 levels) as within-subject factors. A two-way
repeated measures ANOVA was conducted to test cho-
roidal thickness, vascular density, and flow voids of the
choriocapillaris between the fellow eyes (2 levels) and
regions (5 levels) as within-subject factors. Bonferroni
tests were applied to all multiple pairwise comparisons.
Partial correlations with the K value and age adjustments
were used to study the relationships among choroidal
thickness, vascular density, and flow voids of the chorio-
capillaris, SER, and AL. Bonferroni adjustments were also
used in multiple correlation analyses at different regions.
P<0.05 indicated a statistically significant difference.

Results

General characteristics

Of the 44 participants included in the analyses, there
were 19 males and 25 females, with a mean age of
14.09£2.35 years. There were no significant differences
between males and females with regards to age and the
optical parameters (AL, SER, VDC, and K mean of the
interocular difference). As expected, among the 44 sub-
jects, AL and VCD of the more myopic eyes were sig-
nificantly longer than for less myopic eyes (all P<0.05;
Table 1).

Repeatability of choroidal thickness and vascular density
measurements

The image processing results obtained by the two inde-
pendent observers concerning choroidal thickness and
vascular density were closely related. In all measure-
ment areas, the intraclass correlation coefficient (ICC)
of the choroidal thickness ranged from 0.92 to 0.97, the
vascular density of the choriocapillaris ranged from 0.93
to 0.98, and the flow voids ranged from 0.98 to 0.99. The
coefficient of repeatability (COR) of the choroidal thick-
ness ranged from 22.74 to 38.02 pum, the vascular density
of the choriocapillaris were from 4.78 to 5.19%, and the
flow voids were from 0.20 to 0.74% (Table 2).

Interocular differences of choroidal thickness and vascular
density in anisometropic patients

The choroidal thickness in the horizontal of the more
myopic eyes was significantly thinner than that of less

Table 1 Characteristics of anisometropic subjects
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myopic eyes at T1.5, T1.0, T0.5, C, NO.5, N1.0, N1.5,
N2.0, N2.5 and N3.0 (all »<0.001, Fig. 3a). In the ver-
tical, the choroidal thickness was significantly thinner
in the more myopic eyes at all the points (all P <0.001,
Fig. 3b). The interocular differences of choroidal thick-
nesses ranged from 11.50 to 36.86 pm.

However, there was no significant difference in the vas-
cular density of the choriocapillaris (averaged across the
whole 2.5 mm region) between the more and less myopic
eyes of the same patient (P=0.525, Fig. 4a). Further, there
was no significant interaction between eyes and regions
(P=0.077). Further analysis showed that when anisome-
tropia was greater than 1.50 D, the vascular density of the
choriocapillaris in the more myopic eyes was significantly
less than the less myopic eyes (more myopia — less myo-
pia: —2.97 £4.96%, the mean difference averaged across
the whole regions, P=0.026, Fig. 4c). Additionally, there
was no interaction between eyes and regions (P=0.154).

The flow voids of the more myopic eyes were significantly
larger than less myopic eyes (P=0.002, Fig. 4d), and there
was no interaction between eyes and regions (P=0.058).
The interocular difference ranged from 12.37 to 19.90%.

In Table 3, the interocular differences of the choroidal
thickness of the anisometropia>1.50 D were more than
the anisometropia<1.50 D in all the regions, except the
temporal area. The vascular density had significant differ-
ences between the anisometropia groups cutoff from 1.50
D in the N0.6-2.5 mm and 10.6-2.5 mm areas.

Relationships between interocular differences

in the choroid thickness, vascular density, flow void, SER,
and AL

Factors related to the interocular differences in the choroid
thickness, vascular density, and flow void of the choriocapil-
laris were also analyzed. The interocular difference of choroi-
dal thickness was significantly correlated with the interocular
difference in SER and AL in the center, superior, and inferior
areas but not the nasal or temporal areas. The interocular
differences of vascular density and flow voids of the chorio-
capillaris were not correlated with the interocular difference
of SER and AL. Moreover, the interocular difference of the
flow voids in the superior area was significantly correlated
with VCD (Table 4).

Parameters More myopic eye Less myopic eye P

SER (D) —3.18+144(—75t0 —1.25) —1474+£140(-525t00) <0.001
AL (mm) 25.23+1.03 (2345 to0 28.38) 24494091 (22.94 to 27.49) <0.001
VCD (mm) 18.13£1.09 (1647 to 21.37) 17.35£0.90 (15.98 to 20.48) <0.001
K'mean (D) 42.89+£1.37(39.03 t0 45.94) 42804139 (38.921t045.5) 0.063

SERspherical equivalent refraction; D diopter; AL axial length; VCD vitreous chamber depth; Kkeratometry
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Table 2 The repeatability of choroidal thickness, vascular density, and flow voids of the choriocapillaris measurements
Parameters Average measurement of examiner 1 Average measurement of examiner 2 ICC COR
(mean=+SD) (mean=+SD)
Choroidal thickness (um)
Center 2355944522 228.09448.02 0.97 2352
Superior 2455944535 243.54+£48.27 093 34.50
Inferior 2409044732 2354844858 0.95 30.97
Nasal 203.284+42.73 201.04£46.80 0.97 22.74
Temporal 241.88+46.75 243.65+49.81 0.92 38.02
Vascular density (%)
C0-06 724141090 725241093 098 4.78
50.6-2.5 63.20+7.83 63.29+7.14 0.94 512
10.6-2.5 64.30£7.25 64.38+£6.50 0.93 5.19
N0.6-2.5 65.28+7.29 6542 £6.45 0.93 5.08
T0.6-2.5 64414736 64.41£6.65 0.93 517
Flow void (%)
C0-0.6 10.724+2.10 10.67 £1.90 0.98 0.74
S0.6-2.5 2092+1.75 20.84+1.78 0.99 0.51
10.6-2.5 19.744+0.74 19.77 £0.69 0.99 0.20
N0.6-2.5 19.024+1.54 19.0441.60 0.98 0.55
T0.6-2.5 20.17£1.90 20.29£2.00 0.98 0.71

C0-0.6, represents the central foveal area (0-0.6 mm). N0.6-2.5, T0.6-2.5, 10.6-2.5, and S0.6-2.5 represent the 0.6-2.5 mm region in nasal, temporal, inferior, and

superior, respectively
ICCintraclass correlation coefficient; COR coefficient of repeatability

Fig. 3 Mean choroidal thickness of the more and less myopic eyes of all participants. a Choroidal thickness in horizontal B-scan at T3.0,T2.5,T2.0,
T1.5,T1.0,7T0.5 C,NO.5 N1.0,N1.5, N2.0, N2.5 and N3.0; b Choroidal thickness in vertical B-scan at 13.0, 12.5, 12.0, 11.5,11.0, 10.5, C, S0.5, 51.0, S1.5, S2.0,
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Discussion

This study examined interocular differences in the cho-
roidal thickness, vascular density, and flow voids of the
choriocapillaris in anisometropic participants. The
results revealed that the more myopic eyes had a thinner
choroidal thickness compared to the less myopic eyes.

However, there was no significant difference in the vas-
cular density of the choriocapillaris. The vascular density
of the choriocapillaris was decreased in more myopic
eyes only when there was a variance of more than 1.50
D in the anisometropic participants. The repeatability of
the choroidal thickness, vascular density, and flow voids
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Fig. 4 Vascular density and flow void of the choriocapillaris for the more and less myopic eyes of anisometropic patients. a Vascular density for
all subjects in different areas. b Vascular density for subjects with an anisometropia value of less than 1.50 D. ¢ Vascular density for subjects with
an anisometropia value of more than 1.50 D. d Flow void for all subjects in different areas. e Flow void for subjects with an anisometropia value of
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measurements was comparable with other studies [25,
26]. The choriocapillaris was defined as the structure
located from 9 pm above to 31 pm below Bruch’s mem-
brane, consistent with Al-Sheikh et al’s study [21], but
different from Wu et al’s. The latter analyzed the chorio-
capillaris 20 pm below the Bruch’s membrane. Therefore,
the flow voids of the choriocapillaris results in this study
are more than Wu et al’s reports [25, 26].

Here, the choroidal thickness of the more myopic eyes
was significantly thinner than less myopic eyes in the
macular foveal and parafoveal regions. This is consist-
ent with the results of previous studies [32, 33]. Vincent
et al. [24] examined the choroidal thickness of more and
less myopic eyes among a sample of myopic anisome-
tropia. The authors found that in horizontal B-scan, the
choroidal thickness was significantly thinner in the more
myopic eyes than the less myopic eyes. The interocular
difference in the SFCT was significantly correlated with
the degree of axial anisometropia [24]. Further, several
recent cross-sectional population-based studies have
shown a negative correlation between the choroidal
thickness and the severity of axial myopia [2, 24, 34—36].
Consistently, several longitudinal studies on children and
adolescents have further confirmed choroidal thinning
during myopia development [37-39]. Other studies have
shown that the choroid plays an important role in the
development of myopia, as evidenced by the bidirectional

changes in choroidal thickness in response to imposed
myopic or hyperopic defocusing, termed “choroidal
accommodation” [5-8]. Therefore, choroidal thickness
changes are associated with the development of myopia.

The choroid is a highly vascularized tissue consisting
of three vascular layers (i.e., choriocapillaris and medium
and large vessel layers). Choroid thinning mainly occurs
in the medium and large vessel layers with myopia [40].
It is still unclear whether myopia-related choroidal thin-
ning is accompanied by decreased choroidal blood flow.
In the current study, the results revealed no significant
difference in the vascular density of the choriocapillaris
between the more and less myopic eyes of each patient
with anisometropia. There was only a significant differ-
ence in the choroidal thickness and flow voids. Inter-
estingly, the vascular density of the choriocapillaris in
the more myopic eyes was significantly lower than less
myopic eyes when anisometropia exceeded 1.50 D. This
result indicates that the vascular density of choriocapil-
laris may not decrease in the early stage of myopia which
is consistent with the results of Yazdani et al. [41], who
observed a slightly higher choroidal vascularity index in
low myopes compared with emmetropes.

Recently, several studies have reported that myopia-
stimulating signals can reduce the perfusion of the
choroid, leading to an insufficient supply of oxygen
and nutrients to the nearby sclera. This would result
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Table3 The characteristics and interocular  differences
of choroidal thickness, vascular density, and flow void in
anisometropia cutoff from 1.50 D

Parameters Anisometropia Anisometropia less P value
more than 1.50 D than 1.50 D
Number 19 25
Age (years) 14.84+£2.22 13.52+£233 0.064
M:F 10:9 9:16 0.270
SER (D) 2344062 1264023 <0.001
AL (mm) 094+038 0.58+0.38 <0.001
VCD (mm) 1.08+£0.70 0.56+0.20 0.001
K'mean (D) 0214037 0.12+£0.28 0.347
Choroidal thickness (um)
Center — 549844497 —17.86+£29.23 0.002
Nasal —46.04+£4544 — 1747 +£35.66 0.024
Temporal —38.38+41.81 —234643267 0.191
Superior —4930+43.76 —9.80+32.66 0.001
Inferior —51.914+42.06 —13.70+2741 0.001
Vascular density (%)
C0-06 —1.60+6.04 222+846 0.103
NO0.6-2.5 —4314£583 1.07+£6.70 0.008
T0.6-2.5 —238+641 0.05+£821 0.293
S0.6-2.5 —270£565 093+7.79 0.094
10.6-2.5 —3.14+£5.10 0.8247.25 0.049
Flow void (%)
C0-0.6 —046£267 —0.60£287 0.868
NO0.6-2.5 —161£207 048+1.77 0.059
T0.6-2.5 0214231 0.994+2.01 0.072
S0.6-2.5 —0.18£2.19 0594153 0174
10.6-2.5 04940.98 051+£1.07 0.951

C0-0.6, represents the central foveal area (0-0.6 mm). N0.6-2.5, T0.6-2.5,
10.6-2.5, and 50.6-2.5 represent the 0.6-2.5 mm region in nasal, temporal,
inferior, and superior, respectively

Mmale; Ffemale; SER spherical equivalent refraction; D diopter; AL axial length;
VCD vitreous chamber depth; K keratometry

in scleral hypoxia and thinning and ultimately cause
axial elongation and myopia [12—14]. Does a decrease
in choroidal circulation underly myopia development
in anisometropia? Wu et al. demonstrated that the
restructuring of the sclera in myopia was accompanied
by large-scale transdifferentiating of scleral fibroblasts
into myofibroblasts. Importantly, hypoxia-inducible
factor-la (HIF-1a) in the sclera plays a prominent role
in signaling this restructuring, suggesting that a scle-
ral hypoxia-dependent mechanism plays an important
role in the underlying myopic development [12]. Zhang
et al. found that choroidal thickness and choroidal
blood perfusion (ChBP) were significantly decreased
in guinea pig myopia. Further, changes in choroidal
thickness were positively correlated with changes in
ChBP [42]. Zhou et al. indicated that increased ChBP
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attenuated scleral hypoxia, thereby inhibiting the
development of myopia. Therefore, ChBP may serve as
an immediate predictor of myopia development [43].

The results of this study indicated that the vascu-
lar density of the choriocapillaris was decreased in
the more myopic eyes of anisometropia when a cutoff
value of 1.50 D (with a mean interocular difference in
SER —2.34+0.62 D) was adopted compared to the less
myopic eyes of anisometropia. Several recent studies
have found that the area of the choriocapillaris without
perfusion is increased in highly myopic eyes compared
to controls with low myopia or emmetropia. This indi-
cates that differences in choriocapillaris blood flow are
more apparent between groups with larger differences
in myopia [20, 21]. In addition, Shih et al. used the ocu-
lar pulse amplitude (OPA) and pulsatile ocular blood
flow (POBF) to indirectly measure choroidal blood
flow. In anisometropic participants with a variance of
more than 2.00 D, the OPA and POBF were significantly
reduced in the more myopic eyes [44—48], further indi-
cating the presence of decreased choriocapillaris blood
flow in the more myopic eyes of myopic anisometropic
patients. These patients are likely to exhibit the greatest
amount of axial elongation. Gupta et al. [49] reported
that choroidal thinning in highly myopic eyes was
accompanied by reductions in the contents of vascu-
lar tissue and stromal tissue. Collectively, these find-
ings suggest that the choroidal vascular volume is more
likely to decrease with myopia worsening, suggesting
worsened choroidal circulation in myopic eyes.

This study has several limitations. First, we adopted a
cross-sectional design; future longitudinal studies should
clarify the association between reduced choroidal thick-
ness and myopia development. Another limitation is that
the design did not include enough monocular myopic
and binocular myopic anisometropic participants; the
homogeneous sample may be the reason why some dif-
ferences were not statistically significant. Finally, there
were technical limitations. For example, using SD-OCT
failed to simultaneously analyze the vascular structure
quickly and clearly. Further studies using high-speed
SS-OCT system should improve choroidal vasculature
imaging and choroidal angiography.

Conclusions

In conclusion, the choroidal thickness on both horizon-
tal and vertical B-scans was thinner in the more myopic
eyes and was negatively correlated with the degree of
axial myopia. The flow voids increased, and the vas-
cular density of the choriocapillaris was decreased in
the more myopic eyes of patients with anisometropia
exceeding 1.50 D. The association between myopia and
choroidal blood flow requires further investigation.
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Table 4 The relationship between interocular difference of choroid thickness, vascular density, and flow voids of the choriocapillaris
with interocular difference of SER, AL and VCD

Parameters SER AL vCD

r P r P r P

Choroidal thickness

Center 0481 0.001% —0.521 <0.001* —0350 0.023
Nasal 0364 0.018 —0387 0011 —0.237 0.305
Temporal 0.235 0.133 —0.362 0019 —0237 0.130
Superior 0407 0.008* —0.446 0.003* —0434 0.004*
Inferior 0.560 <0.001* —0592 <0.001* —0534 <0.001*
Average 0458 <0.001* —0515 <0.001* —4.000 0.009*
Vascular density
C0-06 0.144 0.363 0016 0.920 —0.049 0.760
N0.6-2.5 0372 0015 —0221 0.160 0.296 0.057
T06-2.5 0.149 0.347 —0.098 0538 —0257 0.100
50.6-2.5 0211 0.179 —0.048 0.763 —0.152 0337
106-2.5 0.281 0.071 —0.156 0.324 —0.244 0.119
Average 0.244 0.120 —0.105 0.509 —0211 0.180
Flow voids
C0-06 0.035 0.826 —0.065 0.682 —0.326 0.035
N0.6-2.5 —0.271 0.083 0212 0.178 0.367 0017
T0.6-2.5 0.253 0.106 —0.036 0823 0.028 0.861
50.6-2.5 0.177 0.263 —0.183 0.245 —0410 0.007*
106-2.5 —0.022 0.889 —0.109 0491 0.171 0.278
Average 0.143 0367 —0.032 0.841 —0247 0.114

C0-0.6 represents the central foveal area (0-0.6 mm). N0.6-2.5, T0.6-2.5, 10.6-2.5, and S0.6-2.5 represent the 0.6-2.5 mm region in nasal, temporal, inferior, and

superior, respectively

SER spherical equivalent refraction; Ddiopter; AL axial length; VCD vitreous chamber depth

*After application of the Bonferroni adjustment for multiple correlation analyses, correlations were significant with a P<0.01

# Correlations were significant with a P<0.05
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