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Abstract
The correlations between retinal vessel distribution, anterior chamber depth (ACD) and other myopic eye structural parameters
remains elusive. This study aims to investigate retinal vasculature and eye structure correlations in healthy and myopic eyes of
Chinese young adults.
In this cross-sectional study, 181 eyes (97 adults) were recruited. Macular and peripapillary vasculature was quantified by optical

coherence tomography angiography. Correlations between retinal vasculature and eye structure were analyzed using multivariable
linear regression.
There were significant differences in ACD, spherical equivalent, axial length (AL), superficial macular vascular density (MVD),

peripapillary vascular density (PVD) and circumference of foveal avascular zone (FAZ) among emmetropia, low-myopia, moderate-
myopia, and high-myopia groups (both P<0.05). Furthermore, ACD had significant positive correlation with AL and FAZ, but
negative correlation with PVD. MVD also had a negative correlation with AL (beta =–0.247, P< .001). In addition, there was a
significant negative correlation between circumference of the FAZ and spherical equivalent as well as central subfield thickness (beta
=–0.20, P= .005; beta=–0.334, P< .001, respectively).
The degree of myopia affected ACD, MVD, PVD, and circumference of the FAZ in eyes of young healthy adults. Meanwhile, ACD

has a positive, while retinal vascular system measurements have a negative correlation with increasing severity of myopia.

Abbreviations: ACD = anterior chamber depth, AL = axial length, BCVA = best corrected visual acuity, BMI = body mass index,
CMT = central macular thickness, FAZ = foveal avascular zone , IOP = normal intraocular pressure, MSE = mean spherical
equivalent, MVD = macular vascular density, OCTA = optical coherence tomography angiography, PVD = peripapillary vascular
density, SE = spherical equivalent, SSADA = split-spectrum amplitude-decorrelation angiography.
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1. Introduction

Currently, myopia has become a common ocular disorder in
Asian population.[1] The prevalence of myopia is around 80% or
more among young adults in East Asian countries.[2–4] As amajor
cause of visual impairments, high myopia may lead to many
complications such as retinoschisis, chorioretinal atrophy,
myopic choroidal neovascularization, and other vision-threaten-
ing conditions.[1] Hence, it is very important to investigate the
mechanisms to prevent myopia.
Previously, there were some reports regarding morphological

changes of vasculature system in eyes with myopia.[5,6] However,
due to limitations in imaging modality, it is very difficult to
quantify the vasculature system accurately such as using
fluorescein angiography or Doppler imaging. With the develop-
ment of technology, optical coherence tomography angiography
(OCTA) makes it easy to conduct quantitative measurements of
retinal vasculature system. Vasculature system including superfi-
cial macular vascular density (MVD), peripapillary vascular
density (PVD), the area (measurement in mm2), and circumfer-
ence (measurement in mm) of the foveal avascular zone (FAZ)
could be evaluated by OCTA with split-spectrum amplitude-
decorrelation angiography and quantified by integrated software.
To date, an increasing number of studies have focused on the
morphological changes of the retina vasculature system in eyes
with myopia.[7–13] However, the significant sectional correlations
between retinal vessel distribution (superficial parafoveal and
peripapillary area), anterior chamber depth (ACD) and other
myopic eye structural parameters in many works remains elusive,
since the previous OCTA studies regarding myopia mainly
focused on the association between myopia and vascular
structure in macular or peripapillary area, respectively. In
addition, the reports on whether their correlations rule out
physiological and biochemical factors are limited.
Bearing this in mind, we aimed to perform a cross-sectional

study to investigate the comprehensive correlations between
retinal vessel distribution via OCTA assessment and structural
parameters in healthy and myopic eyes of Chinese young adults.

2. Materials and methods

2.1. Participants

This cross-sectional study was performed in the Hohhot Chaoju
Eye Hospital, InnerMongolia. The study population consisted of
healthy participants with or without myopia who were recruited
from October 2018 to December 2018.

2.2. Inclusion and exclusion criteria

Inclusion criteria were as follows:
(1)
 Between the age of 18 and 40 years old;

(2)
 Eyes with best corrected visual acuity (BCVA) equal to or

better than 20/20, spherical equivalent (SE) less than or
equal to 0.50 diopter (D), and normal intraocular pressure
(IOP).
(3)
 For each participant, 1 or both eyes meeting the criteria were
included in the study. The included eyes were divided into 4
groups according to refraction: emmetropia (EM; mean
spherical equivalent (MSE) 0.50D to�0.50 diopters (D)),
low myopia (LM; MSE�0.75D to�2.75 D), moderate
myopia (MM; MSE�3.00D to�5.75 D), and high myopia
(HM; MSE less than or equal to�6.00 D).
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Exclusion criteria were:
(1)
 any history of prior refractive, lens, vitreous, or retinal
surgery, or evidence of any retinal disease such as epiretinal
membrane, foveoschisis, macular holes, choroidal neovascu-
larization, retinal detachment, neuro-ophthalmic disease, or
IOP >21 mm Hg;
(2)
 poor-quality OCTA scan images with a signal strength less
than 55;
(3)
 having systemic diseases such as hypertension or diabetes
mellitus.

2.3. Ophthalmologic and systematic examination

Demographic information, systematic and ophthalmologic
medical history were recorded for all participants. Furthermore,
all participants underwent a comprehensive ophthalmologic
examination including refractive error examination (AR-310A;
Nidek, Japan), BCVA, IOP measurement (CT-800 tonometer;
Topcon, Japan), slit-lamp biomicroscopy, fundus examination,
ACD, and axial length (AL) measurement (Lenstar LS900 Haag-
Streit AG, Switzerland). OCTA (Optovue RTVue XR Avanti,
Optovue Inc., Fremont, CA) was used for retinal vascularization,
central macular thickness (CMT) and retinal nerve fibre layer
(RNFL) assessment. This OCTA system has an A-scan rate of 70
kHz scans per second, with a light source centered on 840nm and
a bandwidth of 45nm. A 6mm�6mm (36mm2) area OCTA
acquisition centered on the optic disc was performed, to record
the overall RNFL thickness and vessel density. For macular
central thickness and superficial vessel density, a 3mm�3mm
(9mm2) scanning area centered on the macula was acquired.
Furthermore, the area and circumference of the FAZ were also
calculated automatically. Two well-trained ophthalmologists
examined and assessed all subjects independently. Poor quality
image which was with a signal strength index less than 40 was
excluded.
On the same day of the OCTA imaging, height, and weight

were measured, and body mass index (BMI) was calculated using
the following formula: BMI=weight (kg)/height (m2). Fasting
(more than 8hour) venous blood samples were obtained to
measure for fasting plasma glucose, triglycerides, and total
cholesterol levels.
This study was fully approved by the ethics committee of the

Hohhot Chaoju Eye Hospital, InnerMongolia. Informed consent
was obtained from each participant.
2.4. Statistics

The data were processed and analyzed with statistical analysis
software (SPSS for Windows, version 20.0; IBM-SPSS, Chicago,
IL). Descriptive statistics (the number and percentage of
categorical variables and the mean ± standard deviation of
continuous variables) were evaluated in order to determine
baseline characteristics. Further, the Wilk–Shapiro test was
conducted to explore the distribution of the continuous variables.
One-way analysis of variance was used for comparisons of
variables among the 4 including eye groups. To compare the
categorical data, the Chi-squared test was used. To assess the
relationship between the parameters of the macular microvascu-
lature and the structural profiles, Pearson’s correlations were
used. Furthermore, the relationship between retinal vessel
distribution (both macular and peripapillary area), and ACD



Table 2

Correlation between overall and regional peripapillary vessel
density and myopic measurements.

SE (D) AL (mm)

r P r P
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with other variables was analyzed through univariate linear
regression. Finally, age, gender, and any variable with probability
P less than .05 in univariate linear regression were included in
multivariate regression analysis. A two-tail P value of less than
.05 was considered statistically significant for all analyses.
ACD (mm) �0.183 .014 0.267 <.001
MVD (%) 0.209 .005 �0.323 <.001
PVD (%) 0.209 .005 �0.199 .007
Circumference of the FAZ (mm) �0.322 <.001 0.216 .004
FAZ (mm2) 0.145 .051 �0.042 .576

Numbers appear as correlation coefficient (P value).
ACD= anterior chamber depth, AL= axial length, FAZ= foveal avascular zone, MVD=macular
vascular density, PVD=peripapillary vascular density, SE= spherical equivalent.
3. Results

There were 181 eyes (97 adults) without pathological changes
recruited in current study and divided into 4 groups: emmetropia
(n=44), low myopia (n=65), moderate myopia (n=37), and
high myopia (n=35). Thirteen eyes were excluded due to poor
fixation and inferior-quality images, and distributed as follow:
emmetropia (n=4), lowmyopia (n=7), moderate myopia (n=1),
and high myopia (n=1). Demographic characteristics, topical
and systemic measurements are shown in Table 1. There were
statistically significant differences in terms of gender (P= .002),
SE (P< .001), AL (P< .001), and ACD measurements (P= .004).
However, there were no significant differences in age, laterality,
IOP, BMI, fasting plasma glucose, triglycerides, total cholesterol,
lens thickness, CMT, FAZ and RNFL thickness between the 4
groups (all P> .05). For retinal vascular system, there were
statistically significant differences in terms of MVD (P= .037),
PVD (P= .034) and the circumference of the FAZ (P< .001).
Furthermore, we looked at the correlation between retinal

vascular system, ACD with SE and AL (Table 2). Generally, SE
had significantly negative correlation with ACD and circumfer-
ence of the FAZ, while positive correlation with MVD and PVD
(Fig. 1). There was a significant positive correlation between AL
and ACD as well as circumference of the FAZ, which appositive
with the trend between AL and MVD as well as PVD (Fig. 2).
In the results from univariate linear regression analysis

(Table 3), we found that ACD was associated SE (P= .014),
Table 1

Demographic characteristics among the different myopia groups (by

Variables Overall eyes Emmetropia (n=44) Low m

Gender (male: female) 181 15:29
Laterality (OD: OS) 181 21:23
Age (yr) 31.91±8.55 32.75±11.08 30
Age group (yr, n)
<20 50 12
20–29 45 10
30–39 46 9
> 40 40 13

IOP at imaging (mm Hg) 15.36±2.21 14.96±1.85 15
Spherical equivalent (D) –2.98±2.99 0.03±0.37 –1
Axial length (mm) 24.39±1.35 23.88±0.99 24
BMI (kg/m2) 22.19±2.48 21.57±2.14 22
FPG (mmol/L) 4.73±0.52 4.74±0.57 4.
TG (mmol/L) 1.07±0.58 1.11±0.71 1.
TC (mmol/L) 4.48±0.77 4.61±0.62 4.
Lens thickness (mm) 3.78±0.27 3.82±0.28 3.
ACD (mm) 3.05±0.31 2.92±0.27 3.
MVD (%) 55.52±6.32 57.30±3.73 55
CMT (mm) 237.93±16.64 239.79±13.98 24
RNFL thickness (mm) 121.12±14.27 123.02±18.38 122
PVD (%) 56.78±3.25 57.79±3.31 56
Circumference of the FAZ (mm) 2.23±0.41 2.12±0.33 2.
FAZ (mm2) 0.32±0.09 0.33±0.08 0.

ACD= anterior chamber depth, BMI=body mass index, CMT= central macular thickness, FAZ= foveal
vascular density, RNFL= retinal nerve fibre layer, TC= total cholesterol, TG= triglyceride.

3

AL (P< .001), PVD (P= .002) and FAZ (P= .042). MVD was
associated with SE (P= .005), AL (P< .001) and circumference of
the FAZ (P= .007). Further, PVD was also associated with SE
(P= .005) and AL (P= .007). Moreover, circumference of the
FAZ was associated with gender (P= .031), SE (P< .001), AL
(P= .004) and CMT (P< .001), and MVD (P= .007).
Taken together that there was a significant difference on gender

among 4 groups, we adjusted age and gender with any variable
which was significant by univariate linear regression to
investigate the correlation factors for ACD, MVD, PVD, and
circumference of the FAZ (Table 4). We found that ACD had
significant positive correlation with AL (beta=0.218, P= .004)
but negative correlation with PVD (beta=–0.156, P= .003).
There was a significant inverse correlation betweenMVD and AL
(beta=–0.247, P< .001). Furthermore, there was a significant
negative correlation with circumference of the FAZ with SE as
well as CMT (beta=–0.20, P= .005; beta=–0.334, P< .001,
respectively).
eyes).

yopia (n=65) Moderate myopia (n=37) High myopia (n=35) P

5:60 4:33 5:30 .002
32:33 22:15 17:18 .618
.58±6.56 30.84±7.04 34.43±9.27 .132

.213
18 11 9
16 12 7
16 12 9
15 2 10

.5±2.28 15.45±2.63 15.5±2.02 .59
.51±0.71 –4.58±0.82 –7.81±1.68 <.001
.31±1.31 24.43±1.37 25.14±1.53 <.001
.76±2.73 21.84±1.99 22.31±2.72 .074
74±0.45 4.75±0.41 4.66±0.67 .838
11±0.62 1.05±0.41 0.99±0.51 .781
39±0.78 4.58±0.85 4.38±0.85 .359
81±0.27 3.72±0.29 3.76±0.22 .299
05±0.32 3.08±0.29 3.17±0.34 .004
.92±4.37 54.73±5.89 53.36±10.53 .037
0.8±14.7 233.59±20.51 234.85±17.75 .102
.61±13.67 120.46±10.62 116.68±12.23 .175
.94±3.02 56.16±3.75 55.85±2.73 .034
13±0.27 2.34±0.35 2.44±0.61 <.001
32±0.08 0.32±0.09 0.29±0.13 .505

avascular zone, FPG= fasting plasma glucose, MVD=macular vascular density, PVD=peripapillary

http://www.md-journal.com


Figure 1. Scatter plots illustrating the linear (red line) associations between spherical equivalent (D) and OCTA macular, peripapillary vascular density, central
subfoveal thickness (mm), and anterior chamber depth (mm) measurement of the studied eyes. EM, emmetropia, SE 0.50D to�0.50 D; LM, low myopia, SE
�0.75D to �2.75 D; MM, moderate myopia, SE �3.00D to �5.75 D; HM, high myopia, SE��6.00 D.
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4. Discussion

In this cross-sectional observation study, we performed a
quantitative assessment of retinal vasculature system using
OCTA and compared these measurements as well as eye
structure measurements among Chinese adults with and without
myopia considering biometric factors. Our findings suggested
that there were significant differences on SE, AL, ACD, MVD,
PVD, and circumference of the FAZ among low-, moderate-,
high-myopic and emmetropia eyes. Both SE and AL had
significant associations with ACD, MVD, PVD, and circumfer-
ence of the FAZ, respectively. After multivariable regression,
ACD had a significant positive correlation with AL and FAZ
but a negative correlation with PVD. In addition, AL, as an
independent factor, was negatively correlated with MVD.
4

Furthermore, circumference of the FAZ had negative correlation
with SE as well as CMT. These relationships are crucial in
understanding changes to the myopic eye, which is potentially
progressing to degenerative myopia.
Our findings provided some evidence that ACD measurements

could be affected by the degree of myopia, and this was supported
by the Saudi, Iranian and Chinese studies which found ACD to be
increased between emmetropes and myopes.[14–16] However,
another study in Malaysian adult population found that ACD
could not be affected by the severity of myopia (i.e., low,
moderate, and high).[17] The inconsistent conclusions between
the present and previous studies could be due to ethnicity.[18,19]

Currently, OCTAwith split-spectrum amplitude-decorrelation
angiography can provide noninvasive and quantitative
retinal vascular information in detail. Regional retinal vascular



Figure 2. Scatter plots illustrating the linear (red line) associations between axial length (mm) and OCTA macular, peripapillary vascular density, central subfoveal
thickness (mm), and anterior chamber depth (mm) measurement of the studied eyes. EM, emmetropia, SE 0.50D to�0.50 D; LM, lowmyopia, SE�0.75D to�2.75
D; MM, moderate myopia, SE �3.00D to �5.75 D; HM, high myopia, SE��6.00.
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measurements such asMVD, PVD as well as circumference of the
FAZ, can be calculated in an OCTA image. In this study, we used
OCTA to quantitatively evaluate these measurements and found
significant differences among emmetropia, low myopia, moder-
ate myopia, and high myopia. We found that there were
significant associations between ACD, MVD, PVD, circumfer-
ence of the FAZ and SE as well as AL. Furthermore, the
correlations among those measurements were various by
multivariable linear regression.
Generally, among all including eyes (myopia and emmetropia),

ACDwas positively associated with AL while negative associated
with PVD. Our finding was highly consistent with a prior study
which revealed that the severity of myopia could affect ACD
measurements. In the myopic eye, the eye becomes more
elongated because of increasing AL, which may lead to an
increase in ACD.[15] Moreover, we found that high myopic
5

eyes had lower PVD which was consistent with previous
findings.[20–22] Interestingly, PVD was independently associated
with ACD; nonetheless, no report has shown a relationship
between PVD and ACD in cases of myopia. Thus, further studies
focusing on correlation between ACD and PVD among myopic
individuals may be needed.
For macular retinal vascular measurement, our results showed

that MVD was lower in the high myopia group than in other
groups. Similarly, a prior study found a significant decrease in
MVD with increasing level of myopia severity.[12] In contrast,
Yang et al found that varying severities of myopia did not affect
MVD in Chinese young healthy adults.[11] In the study by Yang
and associates, only myopic eyes without pathological changes
were recruited. The study by Mo et al revealed that macular flow
density decreased in pathological myopia compared to those in
high myopia and emmetropia.[21] Considering that no effect on

http://www.md-journal.com


Table 3

Univariate linear regression analysis of factors affecting the average anterior chamber depth, macular vascular density, peripapillary
vessel density, circumference of the FAZ.

ACD (mm) MVD (%) PVD (%) Circumference of the FAZ (mm)

Variables Beta P Beta P Beta P Beta P

Age (yr) 0.07 .347 �0.119 .109 �0.032 .664 �0.03 .692
Gender �0.06 .425 �0.026 .729 0.093 .212 �0.161 .031
BMI (Kg/cm2) 0.039 .606 �0.102 .172 0.057 .447 0.012 .878
FPG (mmol/L) 0.105 .161 �0.062 .407 0.001 .995 �0.035 .64
SE (D) �0.183 .014 0.209 .005 0.209 .005 �0.322 <.001
AL (mm) 3.708 <.001 �0.323 <.001 �0.199 .007 0.216 .004
IOP at imaging (mmHg) 0.031 .68 0.007 .929 0.1 .181 0.056 .456
TG (mmol/L) �0.054 .467 0.057 .45 0.091 .225 �0.044 .556
TC (mmol/L) �0.009 .908 0.192 .005 �0.066 .375 �0.104 .164
Lens thickness (mm) �0.133 .073 0.02 .785 0.076 .309 �1.22 .101
CMT (mm) 0.001 .984 0.05 .506 �0.084 .262 �0.396 <.001
RNFL thickness (mm) �0.119 .11 0.094 .209 �0.041 .579 �0.102 .17
ACD (mm) N.a. N.a. �0.087 .246 �0.225 .002 0.109 .146
MVD (%) �0.087 .246 N.a. N.a. 0.109 .144 �0.20 .007
PVD (%) �0.225 .002 0.109 .144 N.a. N.a. 0.006 .933
Circumference of the FAZ (mm) 0.109 .146 �0.2 .007 0.006 .933 N.a. N.a.
FAZ (mm2) 0.152 .042 0.127 .088 0.092 .22 0.096 .200

ACD=anterior chamber depth, AL= axial length, BMI=body mass index, CMT= central macular thickness, FAZ= foveal avascular zone, FPG= fasting plasma glucose, MVD=macular vascular density, N.a.=
Not applicable, PVD=peripapillary vascular density, RNFL= retinal nerve fibre layer, SE= spherical equivalent, TC= total cholesterol, TG= triglyceride.
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MVD is prominent in myopic eyes without pathological changes,
particularly in young subjects, we included eyes with or without
pathological changes but with BCVA equal to or better than 20/
20 to avoid the effects of the pathological changes. We
demonstrated that more severe myopia was associated with
decreased MVD in young myopic eyes with or without
pathologic changes. Furthermore, another study using OCTA
assessment revealed that both superficial and deep MVD were
associated with AL but not considered with potential varia-
bles.[12] In our study, multivariable linear regression indicated
that there is a negative correlation between MVD and AL that is
not mediated by other variables such as age, gender, SE, AL, and
circumference of the FAZ.
With OCTA, we can assess the circumference of the FAZ

measurement. In current study, we found that circumference of
the FAZ was increased with the increasing degree of myopia and
independently correlated with SE and CMT. Due to no significant
difference on CMT among the 4 groups in our study, it is difficult
Table 4

Multivariate linear regression analysis of factors affecting the averag
vessel density, circumference of the FAZ.

ACD (mm) MVD (%)

Variables Beta P Beta P

Age (yr) 0.086 .263 �0.116 .1
Gender �0.078 0.31 0.001 .9
SE (D) �0.075 .321 0.083 .2
AL (mm) 0.218 .004 �0.274 <.0
CMT (mm) N.a. N.a. N.a. N.
ACD (mm) N.a. N.a. N.a. N.
MVD (%) N.a. N.a. N.a. N.
PVD (%) �0.156 .036 N.a. N.
circumference of the FAZ (mm) N.a. N.a. �0.117 .1
FAZ (mm2) 0.206 .006 N.a. N.

ACD=anterior chamber depth, AL= axial length, BMI=body mass index, CMT=Central subfield thickness
Not applicable, PVD=peripapillary vascular density, RNFL= retinal nerve fibre layer, SE= spherical equ

6

to deduce the correlation between circumference of the FAZ and
CMT as well as myopia. However, we can deduce that with the
increasing degree of myopia, the MVD changes together with
circumference of the FAZ increasing. The mechanism of
decreased blood flow in myopic eyes is still unclear. Our finding
suggests that there was a potential link between the eye structural
and vascular system changes in the parafoveal area of myopic
eyes. Of note, does structural change or vascular change happen
first? One possible answer is that if the demand is diminished, the
supply is reduced.[23,24] On the other hand, reduced retinal
vascular parameters are due to the elongation of the globe.
Generally, a longitudinal, larger sample size cohort study using
OCTA might be able to improve our knowledge on this.
It should be noted that there were some limitations in current

study. First, our study was of observational and cross-sectional
design, relatively small sample size and from the same race within
a small range of age, thus, its conclusions should be concerned
with cautious. Secondly, we did not divide the macular and
e anterior chamber depth, macular vascular density, peripapillary

PVD (%) Circumference of the FAZ (mm)

Beta P Beta P

28 �0.042 .59 0.052 .471
96 0.094 .229 �0.105 .138
78 0.135 .079 �0.20 .005
01 �0.123 .115 0.115 .108
a. N.a. N.a. �0.344 <.001
a. �0.159 .036 N.a. N.a.
a. N.a. N.a. �0.10 .154
a. N.a. N.a. N.a. N.a.
23 N.a. N.a. N.a. N.a.
a. N.a. N.a. N.a. N.a.

, FAZ= foveal avascular zone, FPG= fasting plasma glucose, MVD=macular vascular density, N.a.=
ivalent, TC= total cholesterol, TG= triglyceride.
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peripapillary retinal vessel density into different regional layers or
quadrants. Thirdly, our quantitative retinal vascular system was
not confirmed by another assessment method, thus, our
conclusions may not be applicable to the other techniques such
as Doppler or fluorescence angiography. Further longitudinal
studies with big sample size and more detailed division are
required to investigate the vascular and structural changes in the
myopic eyes.
5. Conclusion

In conclusion, according to OCTA, we found that ACD increased
significantly as the AL increased, while there was a negative
correlation between ACD and PVD in the myopic eyes. Further,
MVD and circumference of the FAZ decreased significantly as the
degree of myopia increased. Although there is no difference on
CMT measurement between emmetropic and myopic eyes,
circumference of the FAZ has a reverse correlation with CMT.
Generally, measuring changes in retinal vascular system with
OCTA and eye structure could be a useful guide to assess the
pathology and mechanism of disease in myopic individuals.
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