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Abstract
Purpose  To evaluate retinal nerve fiber layer thickness (RNFLT) and radial peripapillary capillaries (RPC) density in 
adults with different degrees of myopia using optical coherence tomography angiography (OCTA) and explore their 
relationship with ocular factors, such as axial length (AL) and disc area.

Methods  A total of 188 subjects were included in this cross-sectional study. The eyes were divided into four groups 
according to AL. OCTA was used for the assessment of RNFLT, RPC density, and other optic disc measurements, 
such as disc area. One-way analysis of variance was performed to compare differences between four groups, and P 
value < 0.01 was considered significant.

Results  The RNFLT was significantly thinner in high myopia (HM) group at inferior nasal (IN) quadrant (P = 0.004) than 
low myopia (LM) group, but thicker at temporal inferior (TI) quadrant (P = 0.006). The RPC density of nasal superior 
(NS) quadrant, nasal inferior (NI) quadrant, and inferior nasal (IN) quadrant significantly decreased as AL increasing. 
By simple linear regression analysis, the inside disc RPC (iRPC) density tended to be correlated significantly with AL 
(0.3997%/mm, P < 0.0001). Peripapillary RPC (pRPC) density was in significant correlation with AL (-0.2791%/mm, 
P = 0.0045), and peripapillary RNFLT (pRNFLT) was in significant correlation with disc area (0.2774%/mm2, P = 0.0001).

Conclusion  RNFLT and RPC density were closely associated with AL and disc area. They might be new indexes in 
assessing and detecting myopia development via OCTA.

Keywords  Retinal nerve fiber layer (RNFL), Radial peripapillary capillaries (RPC), Optic disc, Optical coherence 
tomography angiography (OCTA)
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Introduction
Myopia, the most common type of refractive error all 
over the world, has exhibited a rising incidence in recent 
years [1]. It is noteworthy that several pathological com-
plications including glaucoma, myopic maculopathy, cho-
roidal neovascularization (CNV) and retinal detachment 
occur more frequently in highly myopic patients, particu-
larly those exhibiting excess axial elongation [2]. Koh et 
al. found that patients with high myopia (HM) were more 
likely to have optic neuropathy such as peripapillary atro-
phy (PPA) than healthy subjects, suggesting that myopia 
might be a risk factor for optic nerve impairment [3]. 
The changes in radial peripapillary capillaries (RPC), as 
the direct source of oxygen and nutrition for neuroretinal 
layers, have attracted much attention for its possibility of 
leading to unbalanced metabolic supply and optic nerve 
function abnormalities.

In recent years, advancements of optical coherence 
tomography angiography (OCTA), a novel non-invasive 
imaging technique that employs motion contrast imaging 
to obtain high-resolution volumetric blood flow informa-
tion, have enabled the quantitative assessment of retinal 
blood flow in multiple layers [4]. Previous studies have 
presented evidence of various alterations in choriod-reti-
nal microcirculation in HM, and indicated thinner retinal 
nerve fiber layer thickness (RNFLT) that in myopic eyes 
than in non-myopic eyes [5]. Notably, there have been 
different RNFL distribution patterns in various studies, 
which may lead to inaccurate diagnosis [6]. However, 
few studies have assessed optic nerve blood perfusion 
in HM, in which conflicting results were reported. For 
example, Mo J et al. found that in HM group, RPC den-
sity decreased significantly in nasal quadrant and infe-
rior nasal quadrant [7]. On the contrary, A. C. Yaprak’s 
study showed that RPC density decreased significantly in 
all quadrants except inferior quadrant [8]. Consequently, 
the purpose of this study is to compare the differences 
in RNFLT and RPC density from different quadrants 
between four refraction groups and investigate the corre-
lation between them with axial length (AL) and disc area.

Methods
This cross-sectional study was approved by the ethics 
committee of The First Affiliated Hospital of Soochow 
University, and followed all recruitment and procedures 
strictly adhered to the principles of the Declaration 
of Helsinki. All participants comprehensively under-
stood the study protocol, and the informed consent was 
obtained from each participant prior to their inclusion in 
the study.

Subjects
This project included 188 subjects who visited the 
Department of Ophthalmology of the First Affiliated 

Hospital of Soochow University between May 2022 and 
August 2023. Participants were categorized into the fol-
lowing four groups based on the AL: emmetropia group 
(EM group, 34 eyes, 23.5 mm ≤ AL < 24.5 mm), low myo-
pia group (LM group, 53 eyes, 24.5 mm ≤ AL ≤ 25.5 mm), 
moderate myopia group (MM group, 56 eyes, 
25.5  mm ≤ AL < 26.49  mm), and high myopia group 
(HM group, 45 eyes, 26.5  mm ≤ AL < 29.00  mm). The 
exclusion criteria were as follows: intraocular pressure 
(IOP) ≥ 21mmHg; astigmatism < − 2 D or > + 2 D; best-
corrected visual acuity (BCVA) < 6/20; evidence of ocu-
lar disease other than myopia; history of ocular trauma 
and ocular surgery; systemic disease that might affect 
the blood flow, such as hypertension and diabetes mel-
litus; systemic drug use that might affect the blood 
flow; age < 18 years or > 45 years; quality of OCTA scan 
images < 6/10.

Ophthalmic examinations
All participants underwent a complete ophthalmic exam-
ination, including refraction (model KR-8900; Topcon, 
Tokyo, Japan), BCVA, intraocular pressure (IOP, Full 
Auto Tonometer TX-F; Topcon), and slit-lamp. Central 
corneal thickness (CCT), lens thickness (LT), anterior 
chamber depth (ACD), and axial length (AL) were mea-
sured using IOL Master (version 3.02, Carl Zeiss Med-
itec, Germany).

OCTA
All patients were examined using spectral-domain 
OCTA (RTVue-XR, Optovue, Fremont, CA, USA) by a 
single experienced technician with an undilated pupil. 
The device frequency was set to 70 kHz, the wavelength 
is controlled at 840 mm, and the frequency width is set 
to 35  mm. To evaluate optic disc vascular structures, 
4.5 × 4.5  mm scanning range was used. Each scan was 
automatically segmented to visualize the RNFLT, RPC 
density, and disc area using AngioVue. The obtained 
RNFL and RPC images were averaged to eight quadrants, 
that is nasal superior (NS) quadrant, nasal inferior (NI) 
quadrant, inferior nasal (IN) quadrant, inferior tempo-
ral (IT) quadrant, temporal inferior (TI) quadrant, tem-
poral superior (TS) quadrant, superior temporal (ST) 
quadrant, and superior nasal (SN) quadrant thickness 
(Fig. 1d). Moreover, peripapillary retinal nerve fiber layer 
thickness (pRNFLT), peripapillary radial peripapillary 
capillary (pRPC) density, inside disc RPC (iRPC) density, 
and whole RPC (wRPC) density were also measured.

Statistical analysis
All data were analyzed using SPSS software (version 26.0; 
SPSS, Inc. an IBM company, Chicago, IL, USA). Quali-
tative variables were presented as numbers. Continuous 
values were presented as means and standard deviations 
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for normally distributed data, and median and inter-
quartile range for non-normally distributed data. The 
normality was tested using Shapiro-Wilk normality test. 
One-way analysis of variance was conducted to com-
pare the differences among four groups. Linear regres-
sion analysis was employed to assess the relationship 
between RNFLT or RPC density with AL or disc area. P 
value < 0.05 was considered statistically significant.

Results
Demographic characteristics were summarized in 
Table 1. A total of 154 eyes from 154 myopia patients and 
34 eyes from 34 healthy subjects were included in this 
study. The right eyes were selected for examination. The 
mean subject age was 27.25 ± 6.04 years (range: 18–45 
years), and the mean AL was 25.60 ± 1.25  mm (range: 
23.50–29.00  mm). There was no significant difference 
in age, sex, IOP, ACD, and LT among four groups (all 
P > 0.05).

The RNFLT and RPC density of eight quadrants in EM, 
LM, MM, and HM groups were presented in Table 2. The 
RNFLT of IN quadrant was significantly thinner in HM 
group than LM group (P = 0.004). By contrast, HM group 
showed significantly thicker RNFLT than LM group at 
TI quadrant (P = 0.006). The RPC density of NS, NI, IN 
quadrants and pRPC density decreased as AL increased, 
and differences between HM group and EM group were 
all statistically significant (all P < 0.05, Table  2). Instead, 
iRPC density was significantly greater in HM group 
than EM group (P = 0.006). The linear regression analysis 
revealed that iRPC density to be correlated significantly 
with AL (0.3997%/mm, P < 0.0001, Fig. 2C) and disc area 
(0.3124%/mm2, P < 0.001, Fig.  2G). Additionally, RPC 
density tended to be in significant correlation with AL 
(-0.2791%/mm, P=0.0045, Fig. 2D), and pRNFLT tended 
to be in significant correlation with disc area (0.2774%/
mm2, P = 0.0001, Fig. 2E). There was, however, no signifi-
cant correlation between wRPC density and AL as well as 
disc area.

Fig. 1  Pictorial representation of the structure and capillary plexus of optic disc. a optic disc, b retinal nerve fiber layer, c radial peripapillary capillaries, 
d superior nasal (SN), nasal superior (NS), nasal inferior (NI), inferior nasal (IN), inferior temporal (IT), temporal inferior (TI), temporal superior (TS), superior 
temporal (ST) quadrants
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Associations among pRNFLT and wRPC density were 
also evaluated by linear regression analysis, with wRPC 
density as the dependent variable and pRNFLT as the 
independent variable. The following equation repre-
sented the effect of pRNFLT on wRPC density:

	wRPC density (%) = 46.154 + 0.30 × pRNFLT (µm)

From the equation, pRNFLT showed significant effects 
on wRPC density, and larger wRPC density was asso-
ciated with increasing pRNFLT. Multivariable linear 
regression analysis showed that IOP, ACD, and CCT had 
no significant effects on wRPC density.

Table 1  Demographic and ocular characteristics of participants between four diagnostic groups
Subjects EM LM MM HM Average P value
Gender(M/F) 14/20 23/30 27/29 20/25 84/104 0.923
Age(years) 28.92 ± 7.98 27.47 ± 4.94 27.16 ± 5.33 25.82 ± 6.21 27.25 ± 6.04 0.157
IOP(mmHg) 15.53 ± 3.07 15.02 ± 3.58 15.09 ± 3.24 15.89 ± 2.51 15.35 ± 3.15 0.497
AL(mm) 23.66 ± 0.59 25.01 ± 0.30 26.05 ± 0.26 27.12 ± 0.65 25.60 ± 1.25 < 0.001
SE(D) -0.37 ± 0.12 -1.31 ± 1.01 -3.08 ± 1.81 -5.38 ± 2.48 -4.12 ± 1.68 < 0.001
LT(mm) 3.65 ± 0.40 3.63 ± 0.26 3.60 ± 0.22 3.59 ± 0.24 3.68 ± 0.29 0.120
CCT(µm) 516.09 ± 54.20 532.35 ± 80.38 539.24 ± 34.01 553.49 ± 40.49 536.71 ± 67.27 0.135
ACD(mm) 3.64 ± 0.27 3.60 ± 0.23 3.67 ± 0.22 3.73 ± 0.30 3.61 ± 0.28 0.256
Numbers appear as mean ± standard deviation or as median. Normally distributed data were analyzed by one-way ANOVA and nonnormal data analysis by the 
Kruskal-Wallis test. The chi-square test was applied to analyze the frequency of data for noncontinuous descriptive(s)

EM emmetropia group, LM  low myopia group, MM moderate myopia group, HM high myopia group, M/F male/female, IOP  intraocular pressure, AL axial length, 
SE spherical equivalent, LT lens thickness, CCT central corneal thickness, ACD amber chamber depth. 

Table 2  Retinal nerve fiber layer thickness and radial peripapillary capillaries density in four diagnostic groups
EM LM MM HM F P value*

RNFL
  Peripapillary 120.32 ± 9.66 122.70 ± 15.34 119.42 ± 18.85 116.53 ± 19.00 1.142 0.334
  SN 146.44 ± 22.61 141.62 ± 31.36 136.15 ± 27.19 133.4 ± 34.17 1.568 0.199
  NS 112.24 ± 19.50 122.08 ± 26.54 111.55 ± 34.64 106.16 ± 30.41 2.532 0.590
  NI 90.03 ± 17.15 96.47 ± 21.31 93.02 ± 38.34 88.28 ± 25.40 0.751 0.523
  IN 144.94 ± 26.21c 135.1 ± 27.89 137.4 ± 35.92 121 ± 29.25 4.354 0.005
  IT 160.68 ± 16.39 163.94 ± 29.35 159.50 ± 25.33 155.76 ± 29.27 0.799 0.496
  TI 80.79 ± 11.54c 88.56 ± 18.56 89.42 ± 16.73 95.05 ± 22.75 3.815 0.011
  TS 85.47 ± 9.87 89.37 ± 18.22 90.84 ± 17.51 92.86 ± 13.60 1.339 0.263
  ST 147.32 ± 18.51 169.30 ± 14.63 143.58 ± 26.63 147.14 ± 30.90 1.166 0.622
RPC
  Whole image 49.87 ± 2.82 50.26 ± 3.25 49.82 ± 2.81 49.07 ± 2.64 1.404 0.243
  Inside disc 48.78 ± 6.47a b c 52.91 ± 5.83e 55.84 ± 7.04 57.12 ± 5.18 14.088 < 0.001
  Peripapillary 52.29 ± 2.59c 52.03 ± 4.41e 50.85 ± 2.95 49.21 ± 2.30 3.827 0.012
  SN 51.06 ± 3.92 51.49 ± 5.66 54.04 ± 15.76 50.18 ± 4.06 1.560 0.201
  NS 48.55 ± 3.65c 48.44 ± 5.79e 47.02 ± 7.64 44.66 ± 5.55 3.843 0.011
  NI 47.42 ± 4.24c 47.33 ± 7.08e 46.42 ± 7.32f 42.67 ± 6.42 4.934 0.003
  IN 52.21 ± 4.00c 50.43 ± 5.77 51.56 ± 6.70 48.61 ± 5.02 3.299 0.022
  IT 57.06 ± 4.15 56.46 ± 5.50 56.93 ± 6.76 55.58 ± 5.59 0.603 0.614
  TI 53.70 ± 5.11 54.71 ± 5.26 53.73 ± 5.72 53.98 ± 6.08 0.348 0.790
  TS 56.72 ± 5.03 57.02 ± 3.86 56.22 ± 5.95 55.76 ± 3.87 0.572 0.634
  ST 55.59 ± 4.39 55.23 ± 4.58 54.62 ± 6.24 54.56 ± 4.84 0.383 0.765
EM emmetropia group, LM  low myopia group, MM moderate myopia group, HM high myopia group, RNFL  retinal nerve fiber layer, RNFL  retinal nerve fiber layer, 
RPC radial peripapillary capillaries, SN superior nasal quadrant, NS nasal superior quadrant, NI nasal inferior quadrant, IN inferior nasal quadrant, IT inferior temporal 
quadrant, TI temporal inferior quadrant, TS temporal superior quadrant, ST superior temporal quadrant
*Comparisons between EM, LM, MM and HM groups using one-way ANOVA
aComparisons between EM and LM groups, P < 0.05
bComparisons between EM and MM groups, P < 0.05
cComparisons between EM and HM groups, P < 0.05
eComparisons between LM and HM groups, P < 0.05
fComparisons between MM and HM groups, P < 0.05
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Discussion
In this study, we found RPC density decreased with 
increasing AL, which was in accordance with findings 
of previous studies [9, 10]. It was speculated that the 
excessive elongation of eyeball could cause thinning of 
retina, which might lead to decrease in blood circulation 

[11, 12]. Nevertheless, the mechanism underlying the 
reduced blood flow in eyes with HM still required fur-
ther investigation. In most previous studies, only wRPC 
density was evaluated, so we examined RPC in more 
detail in this study. Notably, our results showed all RPC 
density decreased when emmetropia progressed towards 

Fig. 2  Scatter plot of simple linear regression between (A) peripapillary retinal nerve fiber layer (RNFL) thickness and axial length (AL) (P = 0.066), (B) 
whole radial peripapillary capillaries (RPC) density and AL (P = 0.2223), (C) inside disc RPC density and AL (P < 0.0001), (D) peripapillary RPC density and AL 
(P = 0.0029), (E) peripapillary RNFL thickness and disc area (P = 0.0001), (F) whole RPC density and disc area (P = 0.8313), (G) inside disc RPC density and disc 
area (P < 0.001), (H) peripapillary RPC density and disc area (P = 0.6064)
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low-to-moderate myopia, except iRPC density increased. 
We speculated the tension on the posterior pole of eye-
ball increased as its axial elongation, which would affect 
more significantly in peripapillary area than in center of 
optic disc [13]. Besides, there might be potential compen-
satory mechanism to improve blood supply inside optic 
disc to maintain normal function, which required fur-
ther research to study specific mechanism underlying the 
increasing iRPC density in HM eyes. However, Yaprak et 
al. did not detect decrease of iRPC density in HM group, 
while they did not observe any correlation between AL 
and iRPC. They thought the stabilization of iRPC density 
might be related to only non-pathological HM included 
in their study [8]. We speculated differences of their 
results from ours might be attributed mainly to insuffi-
cient sample size, for 188 subjects in our research and 75 
subjects in Yaprak’s research. Few studies have reported 
OCTA iRPC density results, so further studies with 
larger sample size were necessary. iRPC density, the only 
vessel density indicator changed in LM or MM compared 
to EM in our study, maintained significantly increasing 
trend in whole progression of myopia degree. Therefore, 
we speculated increase of iRPC density might indicate 
patients more likely to develop into HM in the future, 
and its increase could be used as key monitoring indica-
tor of myopia progression. Additionally, our results found 
RPC density of NS, NI, IN quadrants remarkably reduced 
when LM or MM developed further to HM. Previous 
studies also showed the vessel loss in nasal quadrant was 
most serious in HM than LM group [14]. We suggested 
that RPC density in nasal quadrant might be more sus-
ceptible to myopic-related structural changes than in 
other quadrants, so its decline could be used as impor-
tant monitoring indicator of myopia progression. In cur-
rent study, we adopted AL rather than dioptric values to 
measure the degree of myopia, because dioptric values 
could be affected by crystalline lens status and it was 
known that axial elongation is related to the mechanism 
of myopic optic disc change [15]. Liu et al. also showed 
that AL was more strongly associated with myopic retinal 
change than refractive error [16].

We found a negative correlation between AL and 
RNFLT in most quadrants, which accorded well with 
some previous studies [17–19]. This could be due to the 
elongation of globe leading to mechanical stretching and 
thinning of scleral and retina, although it was yet to be 
ascertained whether the RNFLT was decreased at the his-
tologic level. Additionally, we found RNFLT decreased 
in temporal quadrant, but increased in temporal quad-
rant as AL increasing, which suggested redistribution 
of RNFL might occur in the development of myopia. 
Sung Ganekal et al. also reported RNFLT thinning was 
seen in all quadrants except in temporal quadrants [5]. 
Kim et al. demonstrated that retina was dragged toward 

the temporal horizon as AL increasing. In this progress, 
RNFL layers are compressed against the bundles origi-
nating from the opposite hemisphere at the horizon-
tal raphe, and this would result in thickening of RNFLT 
in the temporal quadrant. In contrast, the nasal retina 
would become thinner as it is stretched [17]. However, 
there were some quadrantal differences of RNFLT in dif-
ferent studies. Leung et al. found RNFLT significantly 
thicker in HM group, especially in the 12, 1, and 7 o’ 
clock sectors [18]. Instead, in the study of Seo et al., the 
RNFLT of the 1, 2, 5, 6, and 12 o’ clock sectors were sig-
nificantly thinner in HM group than in LM group. At the 
same time, they found HM group showed significantly 
thicker RNFLT than LM group at the 8, 9, and 10 o’clock 
sectors [14]. We speculated that these differences might 
be attributed mainly to the OCT imaging equipment 
used. Seo used a Cirrus HD-OCT device with software 
version 6.0, whereas Leung used Stratus OCT version 3 
that obtained 12 RNFLT values from each scan. Besides, 
regional ethnic differences or insufficient sample size 
should be considered as well. Additionally, the default 
was that each quadrant is a whole, so statistic data may 
also cancel each other if the results of the internal parts 
were contradictory.

Of note, when emmetropia progressed towards low-to-
moderate myopia and high myopia, RPC density changed 
earlier, and its range of changing quadrants was larger 
than RNFLT. Therefore, we speculated that the suscep-
tibility of RPC density was higher than RNFLT, which 
might be new observational indexes in the diagnosis of 
myopia. Nevertheless, the confusion whether this retinal 
response preceded or followed the vascular compromise 
was still controversial. Our study shares the limitations 
associated with cross-sectional studies, which cannot 
confirm causation, so further longitudinal studies and 
specific mechanisms research are required for additional 
investigation. In addition, we found RPC density posi-
tively correlated with RNFLT, which was in accordance 
with the findings of previous studies [20–22]. Sung et 
al. speculated that RNFL thinning might affect regional 
oxygen demand or the need of vascular supply in peri-
papillary region, and thereby triggered the retinal vas-
cular adjustment via autoregulatory mechanisms [15]. 
Similarly, it was possible that an increase of RNFLT could 
lead to increase in oxygen and nutrient demands, thereby 
increasing retinal perfusion [23]. However, we thought 
this conclusion might be doubtful, for the changed quad-
rants of RNFLT and RPC density not synchronizing. Sung 
et al. speculated that morphologic changes of optic disc 
caused additional mechanical strain to microvasculature 
at the peripapillary region and resulted in deep peripap-
illary microvascular remodeling [15]. Additionally, Jonas 
et al. reported that the excessive elongation of eyeball 
caused stretching and thinning especially in the posterior 
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pole, which might result in both enlargement of optic 
disc and thinning of RNFL [24]. Therefore, we should 
recognize that in addition to considering the effect of AL 
on the OCT RPC measurements in myopic adults, disc 
area should also be considered for analysis [14]. Besides, 
we found pRNFLT positively correlated with disc area. It 
has been postulated that eyes with larger optic disc area 
may retain more retinal nerve fiber axons [15, 25]. Alter-
natively, the larger the optic disc area, the shorter the dis-
tance between machine scanning circle and disc margin, 
which might result in the overestimation of RNFLT [26].

Moreover, as the integrity of RNFL is a recognized sur-
rogate for glaucomatous change [18], we think impact 
of both HM and glaucoma on RNFLT should be com-
prehensively considered when using RNFLT to evaluate 
the progression of optic neuropathy in HM patients with 
glaucoma. On the one hand, the increased risk of devel-
opment of glaucomatous change may be related to the 
already reduced RNFLT in myopic eyes. On the other 
hand, the reduced RNFLT in myopia may itself represent 
a risk factor for development of glaucoma.

Strengths and limitations
The main goal of this study was to observe the RNFLT 
and RPC density in myopic adults using OCTA tech-
nology and evaluate the influence of AL and disc area 
on them. It has some notable strengths compared with 
previous studies. Firstly, we analyzed eight quadrants 
values of optic disc from the healthy and myopic eyes. 
To our knowledge, study results will be different for dif-
ferent methods of dividing regions by OCT machines, 
so changes of RPC density with development of myo-
pia can be obtained as much as possible by dividing 
the quadrants in detail. Moreover, only young subjects 
were enrolled in this study, thus minimizing the impact 
of aging on OCT parameters. The thickness of RNFL is 
systematically thinner with age, which means that the 
association between myopia and OCT measurements 
may vary depending on the age of the subject [25, 27, 28], 
so reducing the effects of aging can provide more clear 
insights into effects of myopia on OCT parameters.

Of course, this study also has some limitations. First, 
ocular magnification can partially affect RNFL measure-
ments. Several studies have produced conflicting results 
on the relationship between OCT RNFL parameters 
and myopia after magnification correction [19], so fur-
ther research are needed to investigate this relationship. 
Moreover, we only recruited young subjects of uniform 
age and ethnicity to eliminate potential confounding fac-
tors, so further investigation should focus on subjects of 
other age groups or ethnicities, and further studies with 
larger sample size are needed to provide identical guid-
ance for clinical diagnosis.

Conclusions
We evaluated RNFLT and RPC density of different myo-
pia degrees from quadrant perspectives using OCTA. The 
information revealed alterations of RNFLT and RPC den-
sity might be related to myopia pathogenesis, which dem-
onstrated myopia could independently cause optic nerve 
changes. Therefore, ophthalmologists should take advan-
tage of OCTA to improve the early diagnosis of myopia, 
as well as evaluate the subsequent progression of myopia, 
especially changes of iRPC density in early myopia and 
changes of RPC density at nasal quadrants alterations in 
high myopia. Additionally, RPC density had greater sus-
ceptibility to AL than RNFLT. We should emphasize the 
importance of RPC density as new observational indexes 
in the diagnosis and monitoring of myopia.
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TS	� Temporal superior
ST	� Superior temporal
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