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Abstract
Purpose  To study the association of myopia progression with the morphological changes of optic disc and β-peripapillary 
atrophy (β-PPA) in 8–11 years old primary school students.
Methods  This study was a prospective, school-based investigation. This study included 610 children (1008 eyes) who were 
continuously observed and had data available from 2016 to 2017 in the Sanhe Cohort Study of the Risk Factors for Myopia 
(SCSRFM). The children underwent a comprehensive eye examination including measurement of visual acuity, autorefrac-
tometry, and posterior segment of the eye. β-PPA regions and optic disc ovality index were identified and measured on the 
fundus photographs.
Results  The prevalence of myopia was 72.62% (732/1008) in 2016. In myopic children, the prevalence of the vertical β-PPA, 
the horizontal β-PPA, and the oval optic disc were 75.68% (554/732), 75.96% (556/732) and, 11.61% (85/732) respectively. 
From 2016 to 2017, with the progression of vertical β-PPA, horizontal β-PPA, area of β-PPA, and optic disc ovality index, 
the myopic diopter and the axial length (AL) were increased. The progression of horizontal β-PPA was significantly cor-
related with the progression of myopic diopter and AL (all p < 0.05). The analysis on the distribution of progression rate 
of parameters in different groups found that the progression rate of horizontal β-PPA, area of β-PPA, and optic disc ovality 
index increased with the increase of the progression of diopter and AL. The progression of horizontal β-PPA, area of β-PPA, 
optic disc ovality index, and diopter in girls were greater than that in boys, and the progression of optic disc ovality index 
and diopter had a statistical significance (all p < 0.05).
Conclusions  The 1-year follow-up study of the third-grade primary school students showed that with the progression of 
myopia and the growth of AL, β-PPA and optic disc ovality index also changed. There was a positive correlation between 
the change of β-PPA and optic disc ovality index and the progression of myopia diopter and AL.
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Introduction

As a complex disease with both genetic and environmental 
factors [1, 2], myopia is increasing in its prevalence globally, 
with a prediction that myopic population will account for 
49.8% (4758 million) of the global population, with highly 
myopic population accounting for 9.8% (938 million) by 
2050 [3]. Peripapillary atrophy (PPA) is frequently detected 
in highly myopic eyes and is considered to be a sign of patho-
logical myopia among adults [4]. According to the histologi-
cal changes of peripapillary region of highly myopic eyes, 
PPA had been considered to be composed of an alpha zone 
and a beta zone [5]. PPA alterations have been reported to be 
associated with older age and higher myopia [6].

Although many previous studies have focused on PPA and 
AL in high myopia, only few investigations have reported 
the prevalence, size, and associations of the β-PPA in eyes 
of children [7–10]. Myopia severity is reported to be associ-
ated with increased β-PPA and optic disc ovality. Multiple 
regression showed that increased β-PPA to optic disc area 
ratio is associated with increased axial length (AL), increased 
myopia severity, and increasing age [7]. The optic disc oval-
ity index and the longitudinal variation of optic disc tilt axis 
can be evaluated with continuous fundus photographs. The 
relationship between the longitudinal changes of optic disc 
tilt and other factors provides important clues for the patho-
genesis of myopia optic disc tilt [11]. Children around the 
age of 10 years are at the rapid growth and development 
period, and with the increased education load, the incidence 
of myopia would also gradually increase. The rapid progres-
sion of myopia in childhood will lead to high myopia and 
even pathological myopia, and pathological myopia will cause 
fundus changes. Therefore, it is very important to observe the 
changes of fundus during the children’s growth and develop-
ment period and myopia progression, so as to monitor the 
progression of myopia and closely follow up on whether it 
will develop into pathological myopia. However, there is no 
follow-up study reporting on the relationship between the pro-
gression of myopia and the morphological changes of optic 
disc in the same person. Therefore, this 1-year follow-up study 

Key Message:

This study described and analyzed myopia progression with the morphological changes of optic disc and 
β-peripapillary atrophy (β-PPA) in 8-11 years old primary school students. 

This study was the first one-year follow-up study aims to observe the relationship between the progression of 
myopia and the morphological changes of β-PPA as well as the optic disc ovality index in school-age children. 

This study mainly observed and studied the refractive state and the optic disc morphology of  primary school 
students in the third grade, reflecting the special characteristics and changes of  the refractive state and the optic 
disc morphology in this age group. 

aims to observe the relationship between the progression of 
myopia and the morphological changes of β-PPA as well as 
the optic disc ovality index in school-age children.

Methods

Participants

This study was a prospective, school-based investigation. 
Using random cluster sampling, children from six primary 
schools of Sanhe city in Hebei province of Northern China 
were invited to participate in the Sanhe Cohort Study of the 
Risk Factors for Myopia (SCSRFM). At baseline, children 
with eye diseases or undergoing myopia control interven-
tions, such as low concentration atropine and orthokera-
tology, were excluded. The study was approved by the 
Institutional Review Board of Beijing Tongren Hospital 
(QN20150228), Capital Medical University, and the proto-
col adhered to the Declaration of Helsinki.

The study included 1008 eyes of 610 children, 512 
(50.79%) right eyes and 496 (49.21%) left eyes, who were 
continuously observed and had data available once a year 
from 2016 to 2017. There were 275 males (45.08%) and 
335 females (54.92%), with an average age of 10.18 ± 0.47 
(8–11) years old in 2016. Data on diopter, AL, and fundus 
images of all participants were obtained twice in 2016 and 
in 2017. Myopia was defined as a spherical equivalent (SE) 
refractive error less than − 0.5 diopters (D) [12].

Ocular examination

The children underwent a comprehensive eye examination 
including measurement of visual acuity and autorefractom-
etry, and posterior segment of the eye. A Lenstar LS900 
(Haag-Streit, Koeniz, Switzerland) was used to measure AL. 
Refractive error was confirmed with subjective refraction, 
and objective refraction was performed without cycloplegia 
using an automatic optometer RK-3000 (Topcon, Tokyo, 
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Japan) to provide reference value. Fundus images were 
collected with non-mydriatic digital fundus photography 
(CR-DGI camera; Canon Inc., Tokyo, Japan). All exami-
nations were carried out by trained ophthalmologists and 
optometrists.

Measurement of optic disc shape and external optic 
disc atrophy

β-PPAs were identified and measured on the fundus photo-
graphs. The characteristics of β-PPA included good visibility 
of the large choroidal vessels and the sclera, thinning of the 
chorioretinal tissues, and circular boundary to the surround-
ing α area and to the peripapillary ring centrally [13]. All 
photographs were reviewed by 2 experienced ophthalmolo-
gists. The optic disc morphology and β-PPA were deter-
mined with image processing software (Beijing Institute 
of Technology, China), including the position of the optic 
disc and β-PPA. In addition, the following parameters were 
obtained, including the vertical width of β-PPA, horizontal 
width of β-PPA, the area of β-PPA, and optic disc ovality 
index (Fig. 1) [14]. The ovality index of the optic disc was 
measured as the maximal-to-minimal optic disc diameter 
ratio. The oval optic disc was defined as the optic disc oval-
ity index exceeding 1.3 [12]. The values of the parameters 
obtained were pixel values. As the resolution of the fun-
dus image was 3888 * 2592, the actual size of the fundus 

image was 22.2 mm * 14.8 mm, and the magnification of 
the fundus image was 1.4, the actual size of parameters 
in the fundus image could be calculated with the formula 
(um = (22.2*1000)/(3888*1.4)).

Statistical analysis

For the data with normal distribution, the mean ± standard 
deviation was used to describe the parameters, and Pearson’s 
correlation coefficients were used to explore the correlation 
between the parameters. For the data with non-normal dis-
tribution, the median and interquartile range were used to 
describe the parameters, and Spearman’s correlation was 
used to explore the correlation between the parameters. The 
rank sum test was performed to compare the differences 
between boys and girls parameters, and the mixed effect 
model was adopted to explore the influencing factors of 
diopter and AL progression. The prevalence of progression 
was defined as the number of progression (2017–2016)/the 
number of defined in 2016. In order to reduce the individual 
difference, the progression rate of parameters (progression 
rate = the value of progression (2017–2016)/the value in 
2016) was further analyzed. The P < 0.05 was considered 
to be statistically significant. All analyses were performed 
using SPSS software version 20.0 (SPSS, Inc., IBM, NY, 
USA).

Results

The baseline description of parameters in myopic 
children in 2016

In this study, the prevalence of myopia was 72.62% 
(732/1008), 74.60% (382/512) in right eyes, and 70.56% 
(350/496) in left eyes. The average age of myopic children was 
10.20 ± 0.48 years old, and the median diopter was − 1.62D. 
The median values of the vertical β-PPA, the horizontal 
β-PPA, the area of β-PPA, and the oval optic disc index were 
40.84 μm, 161.16 μm, 347,871.86μm2, and 1.16. In myopic 
children, the prevalence of the vertical β-PPA, the horizon-
tal β-PPA, and the oval optic disc were 75.68% (554/732), 
75.96% (556/732), and 11.61% (85/732) respectively. There 
was no significant difference between the left eye and the right 
eye, and the detailed data are shown in Table 1.

Correlation analysis of parameters with AL 
and diopter in 2016

Univariate correlation analysis was made between the 
parameters and AL and diopter. With the increase of AL 
and myopic diopter, the vertical β-PPA and the horizontal 
β-PPA widened and the area of β-PPA increased. AL and the 

Fig. 1   The parameters were obtained from the fundus, including 
outer vert diam (a), inner vert diam (b), outer horizontal diam (c), 
inner horizontal diam (d), and the areas of white circle and green cir-
cle, so as to calculate the vertical width of β-PPA (a–b), horizontal 
width of β-PPA (c–d), the area of β-PPA (white circle–green circle), 
and optic disc ovality index (b/d)
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myopic diopter were significantly correlated with the verti-
cal β-PPA, the horizontal β-PPA, and the area of β-PPA (all 
p < 0.05). However, the optic disc ovality index and the age 
did not have the statistically significant correlation with the 
myopic diopter and AL (all p > 0.05) (Table 2).

Description of parameters progression from 2016 
to 2017

From 2016 to 2017, the median progression of diopter and 
axial length was − 0.63D and 0.39 mm, respectively. The 
median values of the progression of the vertical β-PPA, 
the horizontal β-PPA, the area of β-PPA, and the optic disc 
ovality index were 28.06 μm, 80.49 μm, 155,314.97μm2, 
and 0.03. The vertical β-PPA, the horizontal β-PPA, the 
area of β-PPA, and the optic disc ovality index increased in 
most children, the prevalence of progression of which were 
66.80% (489/732), 83.33% (610/732), and 74.59% (546/732) 
respectively (Fig. 2). There was no significant difference 
between the left eye and the right eye, and the detailed data 
are shown in Table 3.

Correlation analysis on parameters progressions 
from 2016 to 2017

In order to further clarify the correlation between 
the progression of parameters and the progression of 
AL and myopic diopter, univariate regression analy-
sis was conducted. The results showed that horizon-
tal β-PPA increased with the progression of myopia 
and the increase of AL. The progression of horizontal 
β-PPA was significantly correlated with the progres-
sion of myopic diopter and AL (p = 0.017 and p = 0.019) 
(Table 4).

The analysis on the progression rate of parameters

In order to reduce the individual difference, this study fur-
ther analyzed the progression rate of each parameter. The 
analysis on the distribution of progression rate of parameters 
in different groups found that the progression rate of hori-
zontal β-PPA, area of β-PPA, and optic disc ovality index 
were higher in the groups of myopic diopter <  − 1D, and the 
difference was significant (all p < 0.05) (Table 5), while the 
progression rate of horizontal β-PPA, area of β-PPA, and 
optic disc ovality index were higher in the Q4 group, and the 

Table 1   Baseline description of 
parameters in 2016

* Described with the median and interquartile range. OU, all eyes; OD, right eye; OS, left eye

Parameters OU OD OS

*The vertical β-PPA (μm)
(The prevalence)

40.84 (1.65, 127.13)
75.68% (554/732)

35.78 (1.17, 127.49)
75.92% (290/382)

42.38 (3.03, 125.42)
75.43% (264/350)

*The horizontal β-PPA (μm)
(The prevalence)

161.16 (22.31, 271.41)
75.96% (556/732)

162.7 (24.37, 279.52)
76.44% (292/382)

155.87 (10.14, 251.1)
75.43% (264/350)

*The area of β-PPA (μm2) 347,871.86 (117,373.76, 
602,430.74)

345,978.13 
(129,718.29, 
608,293.52)

350,064.86 
(108,465.08, 
601,922.16)

*The optic disc ovality index
(The prevalence)

1.16 (1.1, 1.23)
11.61% (85/732)

1.16 (1.09, 1.23)
11.78% (45/382)

1.16 (1.1, 1.23)
11.43% (40/350)

Age (year) 10.20 ± 0.48 10.19 ± 0.49 10.20 ± 0.47
*AL (mm) 23.98 (23.43, 24.5) 24 (23.43, 24.47) 23.97 (23.42, 24.5)
*Diopter (D)  − 1.62 (− 2.5, − 1)  − 1.68 (− 2.5, − 1.12)  − 1.5 (− 2.5, − 1)

Table 2   Correlation analysis of parameters with AL and diopter at baseline in 2016

OU, all eyes; OD, right eye; OS, left eye

OU OD OS

AL r(p) Myopic diopter r(p) AL r(p) Myopic diopter r(p) AL r(p) Myopic diopter r(p)

The vertical β-PPA 0.186 (< 0.001)  − 0.213 (< 0.001) 0.215 (< 0.001)  − 0.265 (0.001) 0.153 (< 0.001)  − 0.160 (0.003)
The horizontal β-PPA 0.231 (< 0.001)  − 0.295 (< 0.001) 0.253 (< 0.001)  − 0.314 (< 0.001) 0.203 (< 0.001)  − 0.276 (< 0.001)
The area of β-PPA 0.220 (< 0.001)  − 0.270 (< 0.001) 0.256 (< 0.001)  − 0.313 (< 0.001) 0.179 (< 0.001)  − 0.224 (< 0.001)
The optic disc ovality 

index
 − 0.018 (0.625)  − 0.039 (0.288) 0.006 (0.910)  − 0.048 (0.350)  − 0.031 (0.567)  − 0.034 (0.525)

Age  − 0.021 (0.579)  − 0.001 (0.986)  − 0.007 (0.891)  − 0.028 (0.582)  − 0.037 (0.493) 0.027 (0.617)
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difference was significant (all p < 0.05) (Table 6). Therefore, 
the results indicated that the faster the increase of myopia 
diopter and AL was, the greater the progression of β-PPA 
and the change of optic disc ovality would be.

The gender difference of the parameters

In different genders, the prevalence of myopia was 67.19% 
(301/448) in boys, and 76.96% (431/560) in girls. In the 
myopic children, the prevalence of the vertical β-PPA, the 
horizontal β-PPA, and the oval optic disc were 76.41% 
(230/301), 76.74% (231/301), and 9.97% (30/301) in boys, 

Fig. 2   The morphological 
changes of optic disc and β-PPA 
from 2016 to 2017. With the 
increase of the myopic diopter 
and AL, the vertical β-PPA, 
the horizontal β-PPA, the area 
of β-PPA, and the optic disc 
ovality index were increased in 
this case

Table 3   Basic description of 
parameters progressions from 
2016 to 2017

Described with the median and interquartile range. OU, all eyes; OD, right eye; OS, left eye

Parameters OU OD OS

The vertical β-PPA (μm)
(The prevalence of progression)

28.06 (0, 78.78)
66.80% (489/732)

26.16 (0, 73.78)
66.23% (253/382)

30.9 (0, 83.37)
67.43% (236/350)

The horizontal β-PPA (μm)
(The prevalence of progression)

80.49 (30.18, 137.13)
83.33% (610/732)

80.97 (32.87, 139.45)
85.08% (325/382)

78.42 (26.62, 135.58)
81.43% (285/350)

The area of β-PPA (μm2) 155,314.97 (50,784.13, 
289,485.69)

156,007.51 
(48,336.36, 
287,418.05)

142,708.75 
(53,543.21, 
302,016.84)

The optic disc ovality index
(The prevalence of progression)

0.03 (0, 0.08)
74.59% (546/732)

0.03 (0, 0.08)
76.44% (292/382)

0.03 (0, 0.07)
72.57% (254/350)

Diopter (D)  − 0.63 (− 1.01, − 0.13)  − 0.57 (− 1, − 0.07)  − 0.63 (− 1.01, − 0.25)
AL (mm) 0.39 (0.26, 0.48) 0.39 (0.27, 0.48) 0.38 (0.25, 0.48)
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while were 75.17% (324/431), 75.41% (325/431), and 
12.76% (55/431) in girls respectively. The prevalence of 
myopia and the oval optic disc were higher in girls than in 
boys in 2016. From 2016 to 2017, the progression of hori-
zontal β-PPA, area of β-PPA, optic disc ovality index, and 
diopter in boys were less than that in girls, and the progres-
sion of optic disc ovality index and diopter had a statistical 
significance (all p < 0.05). The detailed data are shown in 
Table 7.

Discussion

This study mainly investigated the association of β-PPA 
and optic disc ovality index changes with the progres-
sion of diopter and AL. In children aged 8–11 years, with 
the progression of AL and diopter, all the indexes of the 
β-PPA and optic disc ovality index increased. At the same 
time, the indexes of β-PPA were significantly correlated 
with AL and diopter; thus, the follow-up of β-PPA is of 
predictive value with regard to the development of myopia, 
and the increase of β-PPA can indicate that the myopia is 
still progressing, especially for children aged 8–11 years. 
The current study revealed that the progressions of the AL 
and diopter were correlated with the increase of the hori-
zontal β-PPA. Further analysis showed that the changes 
of β-PPA and optic disc ovality index were greater in 
the groups with <  − 1D progression, and the changes of 
β-PPA and optic disc ovality index were greater when 
the progression of AL was longer than 0.47 mm. As the 
change of optic disc could reflect the growth of myopia, 
it is of great significance for follow-up of the progression 
of myopia, especially, given the fundus images were easy 
to obtain. With the progression of myopia, the increase of 
AL, the corresponding change of optic disc morphology 
and β-PPA could be used as an important indicator for the 
monitoring of myopia progression, which also provided a 
new approach for the study of mechanism of myopia and 
myopia control.

In the current study, the incidence of myopia was ana-
lyzed to gain a better understanding of the refractive status 
of 8–11 years old children with myopia. In recent years, the 
prevalence of myopia in children has been increasing, and 
the age of myopic children has gradually become younger. 
The prevalence of myopia in 12-year-old children in Hong 
Kong had reached 61.5% [15], while in other areas of East 
Asia where myopia prevalence is still high. The prevalence 
of myopia among young students was 26.4–76.5% [16]. In 
the current study, the incidence of myopia reached 72.62%, 
which was higher than other studies. The main reason may 
be that the refractive error was assessed without cyclople-
gia, as the prevalence of myopia in the current study was 
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similar to that in other studies that also did not use cyclo-
plegia [17].

Many studies have shown that there is a significant cor-
relation between PPA and myopia, especially in high myo-
pia. Jonas et al. [5] examined the parapapillary region in 
highly myopic eyes histomorphometrically and found that 
the length of the scleral flange, the sclera between the optic 
nerve edge and optic nerve dura mater, increased as the AL 
increased. In highly myopic eyes, the parapapillary region 
consisted of an elongated parapapillary scleral flange, and 
the parapapillary retina was composed of only the retinal 
nerve fiber layer or its remnants, without any other retinal 
layers. The underlying Bruch’s membrane and choroid were 
also absent. These histologic features could be observed in 
eyes with high myopia. Li et al. also found, in highly myopic 
Chinese populations, β-PPA, optic disc tilting, and rotation 
are very common. Older age, female gender, and greater 
myopic spherical equivalent are risk factors of greater degree 
of optic disc tilting [18]. For school-age children, generally 
low myopia is more common, and some studies have shown 
that myopia in school-age children is also related to the 

β-PPA. Guo [13] found that larger β-PPA area was associ-
ated with longer indoors studying time after adjustment for 
AL, refractive error, and region of habitation. As a corollary, 
longer indoors studying time was significantly associated 
with a larger area of β-PPA after adjusting for a higher AL/
corneal curvature (CC) ratio and urban region of habitation. 
In the follow-up examination, an increase in the AL/CC ratio 
and in AL was significantly associated with longer indoors 
studying time and larger β-PPA area. In the current study, 
with the increase of AL and myopia diopter, the horizontal 
β-PPA also progressed. Further analysis showed that the 
proportion of children with increase of the horizontal width 
and area of the β-PPA was higher in the groups with <  − 1D 
progression, while for the group with the longest AL pro-
gression, the proportion of children with increase of the 
horizontal width and area of the β-PPA was the highest. 
In the current study, the morphological changes and pro-
gression of β-PPA were analyzed, presenting the β-PPA in 
myopia students about 10 years old, and revealing that the 
β-PPA will gradually widen with diopter and AL, mainly 
in the horizontal direction. The progression of diopter and 

Table 5   The progression rate of parameters in sub-groups with different diopter progression

OU, all eyes; OD, right eye; OS, left eye. *Four groups of the progression of diopter according to the interquartile range

Parameters *The progression 
of myopic diop-
ter <  − 2D

*The progression of 
myopic diopter <  − 1D 
and ≥  − 2D

*The progression of 
myopic diopter < 0D 
and ≤  − 1D

*The progression of 
myopic diopter = 0

Z p

OU The progression rate of 
vertical β-PPA

48.60%
(0.00%, 128.79%)

51.14%
(0.00%, 197.32%)

34.63%
(0.00%, 135.34%)

19.54%
(0.00%, 89.37%)

6.3910 0.0941

The progression rate of 
horizontal β-PPA

30.80%
(11.08%, 53.83%)

44.21%
(23.93%, 89.81%)

35.42%
(15.75%, 59.46%)

29.88%
(10.47%, 54.25%)

14.3143 0.0025

The progression rate of 
area of β-PPA

25.04%
(14.09%, 64.10%)

41.09%
(20.78%, 73.11%)

33.29%
(14.15%, 61.75%)

24.05%
(9.59%, 53.18%)

13.0299 0.0046

The progression rate 
of optic disc ovality 
index

5.88%
(− 0.67%, 9.33%)

3.69%
(0.82%, 7.34%)

2.76%
(0.04%, 6.50%)

2.08%
(− 0.98%, 4.92%)

12.8785 0.0049

OD The progression rate of 
vertical β-PPA

51.05%
(7.26%, 125.25%)

43.08%
(0.00%, 224.46%)

39.15%
(0.00%, 169.93%)

10.33%
(0.00%, 87.24%)

4.8520 0.1830

The progression rate of 
horizontal β-PPA

46.00%
(24.99%, 57.24%)

52.32%
(21.98%, 90.29%)

32.11%
(17.27%, 52.87%)

31.05%
(11.18%, 59.62%)

7.1488 0.0673

The progression rate of 
area of β-PPA

32.36%
(16.47%, 68.60%)

33.25%
(16.57%, 68.78%)

30.41%
(12.96%, 57.87%)

25.27%
(9.79%, 58.92%)

3.1289 0.3722

The progression rate 
of optic disc ovality 
index

6.08%
(− 0.82%, 9.09%)

3.65%
(0.27%, 6.88%)

3.24%
(0.53%, 7.30%)

2.45%
(0.25%, 5.18%)

2.9702 0.3962

OS The progression rate of 
vertical β-PPA

0.00%
(0.00%, 466.41%)

54.62%
(0.00%, 179.33%)

34.26%
(2.48%, 124.97%)

30.99%
(0.00%, 91.51%)

1.8187 0.6109

The progression rate of 
horizontal β-PPA

1.86%
(1.86%, 30.80%)

43.16%
(27.34%, 84.28%)

41.38%
(15.61%, 66.98%)

20.35%
(7.63%, 47.20%)

14.1926 0.0027

The progression rate of 
area of β-PPA

14.09%
(14.09%, 28.29%)

42.85%
(25.49%, 74.06%)

34.38%
(16.06%, 62.92%)

20.50%
(7.20%, 48.92%)

13.8937 0.0031

The progression rate 
of optic disc ovality 
index

4.93%
(4.93%, 9.86%)

4.12%
(1.36%, 7.84%)

2.63%
(0.01%, 5.84%)

0.19%
(− 1.81%, 4.49%)

14.4734 0.0023
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Table 6   The progression rate of parameters in sub-groups with different AL progression

OU, all eyes; OD, right eye; OS, left eye. *Q1–Q4 were four groups of the progression of AL according to the interquartile range (Q1 > 0 mm 
and < 0.25 mm; Q2 ≥ 0.25 mm and < 0.36 mm; Q3 ≥ 0.36 mm and < 0.47 mm; Q4 ≥ 0.47 mm)

Parameters *Q1 *Q2 *Q3 *Q4 Z p

OU The progression rate of vertical 
β-PPA

28.64%
(0.00%, 140.71%)

39.02%
(0.00%, 138.05%)

29.66%
(0.00%, 121.94%)

45.21%
(0.00%, 153.52%)

0.9523 0.8128

The progression rate of horizontal 
β-PPA

24.78%
(8.51%, 47.94%)

31.25%
(16.86%, 51.80%)

42.94%
(20.94%, 67.11%)

57.15%
(24.99%, 94.10%)

39.2900  < .0001

The progression rate of area of β-PPA 24.58%
(7.20%, 48.92%)

34.38%
(15.16%, 61.75%)

32.82%
(13.15%, 69.59%)

46.04%
(20.78%, 76.93%)

22.1904  < .0001

The progression rate of optic disc 
ovality index

2.09%
(− 1.07%, 4.99%)

2.55%
(− 0.09%, 5.95%)

3.57%
(0.79%, 7.19%)

3.53%
(0.94%, 7.59%)

15.9762 0.0011

OD The progression rate of vertical 
β-PPA

37.35%
(0.00%, 165.23%)

11.30%
(0.00%, 85.18%)

51.80%
(0.00%, 179.92%)

41.65%
(0.00%, 190.28%)

4.6027 0.2033

The progression rate of horizontal 
β-PPA

26.28%
(10.09%, 47.83%)

30.19%
(17.71%, 52.44%)

32.69%
(17.45%, 58.49%)

56.40%
(30.36%, 100.04%)

19.5577 0.0002

The progression rate of area of β-PPA 27.63%
(9.79%, 51.06%)

32.02%
(11.84%, 59.14%)

29.25%
(7.59%, 57.14%)

46.52%
(19.91%, 82.02%)

9.4772 0.0236

The progression rate of optic disc 
ovality index

2.16%
(− 0.23%, 5.37%)

2.65%
(0.08%, 5.95%)

3.77%
(0.79%, 7.76%)

3.82%
(1.02%, 7.98%)

6.4069 0.0934

OS The progression rate of vertical 
β-PPA

25.04%
(0.00%, 121.97%)

86.29%
(25.44%, 195.44%)

21.19%
(0.00%, 91.51%)

52.56%
(0.00%, 142.33%)

14.162 0.003

The progression rate of horizontal 
β-PPA

21.06%
(8.16%, 48.40%)

32.39%
(16.41%, 50.78%)

44.82%
(30.76%, 91.32%)

58.33%
(20.71%, 94.10%)

23.418  < .0001

The progression rate of area of β-PPA 20.50%
(6.86%, 45.08%)

37.57%
(23.20%, 62.25%)

38.01%
(18.98%, 73.50%)

44.35%
(22.28%, 76.93%)

18.013 0.000

The progression rate of optic disc 
ovality index

1.98%
(− 1.53%, 4.75%)

2.11%
(− 0.53%, 5.96%)

3.25%
(0.80%, 6.99%)

3.47%
(0.73%, 6.95%)

9.957 0.019

Table 7   Comparison of the progression of parameters in different genders

OU, all eyes; OD, right eye; OS, left eye. Described with the median and interquartile range

Parameters Female Male Z p

OU The progression of vertical β-PPA 28.65 (0.00 to 88.79) 29.49 (0.00 to 72.09)  − 0.6879 0.4915
The progression of horizontal β-PPA 87.82 (31.88 to 148.04) 76.43 (31.11 to 127.57)  − 1.5519 0.1207
The progression of area of β-PPA 173,885.8 (48,298.22 to 309,727.2) 139,176.2 (62,060.64 to 264,282.4)  − 1.3499 0.1770
The progression of optic disc ovality index 0.04 (0.00–0.09) 0.02 (− 0.00 to 0.06)  − 3.1175 0.0018
The progression of AL 0.39 (0.26 to 0.48) 0.39 (0.26 to 0.49)  − 0.1815 0.8559
The progression of diopter  − 0.69 (− 1.13 to − 0.25)  − 0.51 (− 1.00 to − 0.10) 2.4178 0.0156

OD The progression of vertical β-PPA 27.06 (0.00 to 86.26) 25.76 (0.00 to 69.66)  − 0.6666 0.5050
The progression of horizontal β-PPA 89.29 (34.37 to 144.62) 76.61 (31.81 to 130.31)  − 0.7060 0.4802
The progression of area of β-PPA 171,552.6 (37,484.47 to 299,255.6) 143,195.0 (64,856.82 to 252,729.0)  − 0.7421 0.4580
The progression of optic disc ovality index 0.04 (− 0.00 to 0.09) 0.03 (0.00 to 0.06)  − 1.8529 0.0639
The progression of AL 0.39 (0.28 to 0.48) 0.39 (0.27 to 0.48)  − 0.1791 0.8579
The progression of diopter  − 0.63 (− 1.07 to − 0.06)  − 0.51 (− 1.00 to − 0.07) 0.7490 0.4539

OS The progression of vertical β-PPA 30.97 (0.00 to 96.40) 31.73 (0.00 to 79.52)  − 0.3054 0.7601
The progression of horizontal β-PPA 84.02 (29.05 to 149.14) 76.25 (29.53 to 120.98)  − 1.4676 0.1422
The progression of area of β-PPA 179,405.5 (58,538.82 to 322,546.6) 138,757.0 (51,702.79 to 272,315.5)  − 1.1708 0.2417
The progression of optic disc ovality index 0.04 (0.00 to 0.08) 0.02 (− 0.01 to 0.06)  − 2.6418 0.0082
The progression of AL 0.38 (0.25 to 0.48) 0.39 (0.25 to 0.49)  − 0.0509 0.9594
The progression of diopter  − 0.75 (− 1.13 to − 0.32)  − 0.51 (− 1.00 to − 0.13) 2.7746 0.0055
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AL was statistically different from that of the horizontal 
PPA. Especially, the longer the AL was and the higher of 
myopia was, the wider the β-PPA would be. Through the 
follow-up on the changes of β-PPA, the researchers could 
evaluate the myopia progression and prevention efficacy to a 
certain extent. However, the β-PPA also occurred in normal 
axial growth and not all myopic child had β-PPA; thus, the 
presence of myopia could not be determined by the β-PPA 
alone, and the children’s refractive state should also be taken 
into consideration. Meanwhile, the relationship between the 
appearance of β-PPA and the development of eyeball and the 
progression of myopia needs to be analyzed through long-
term follow-up and observation.

The current study showed that the change of optic disc 
ovality index was also significantly correlated with the pro-
gression of myopia. Sun et al. analyzed 220 myopic eyes and 
found that the upper optic disc rotation was more likely to 
occur than the lower optic disc rotation, and it was correlated 
with intraocular pressure, AL, and area of the β-PPA [12]. 
The papillary and peripapillary regions of highly myopic 
eyes are distorted by the mechanical stretching of the globe 
in high myopia. The stretching results in the formation of 
various kinds of deformities of the optic discs including 
tilted optic discs, acquired large cups, and small discs [19]. 
In previous studies [10], the maximum width of the PPA and 
the vertical diameter of the optic disc were used to show the 
relationship between optic disc tilt and myopia progression 
(ONH/PPA, the maximum PPA width to vertical disc diame-
ter). The univariate analysis revealed that ONH/PPA change 
was significantly associated with age between 7 and 9 years, 
initial spherical equivalents (SEs) and change of SEs during 
follow-up, and association of age between 7 and 9 years with 
the change of SEs remained statistically significant in the 
multivariate analysis. The results showed that for school-age 
children, with the progression of myopia, the degree of optic 
disc tilt increased. Based on the optic disc shape assessed by 
its ovality factor (measured as the maximal-to minimal optic 
disc diameter ratio), Guo et al. [14] revealed that the preva-
lence of oval optic discs (defined as a maximal-to-minimal 
disc diameter ratio of ≥ 1.33) was 6.6%. A greater optic disc 
ovality was significantly associated with older age, female 
sex, larger β-PPA, and shorter time spent indoors studying, 
and was associated with greater increase in myopic refrac-
tive error with marginal significance. In univariate analysis, 
the presence of oval optic discs was additionally associated 
with higher AL/CC ratio and greater myopic refractive error. 
In this study, the prevalence was 11.61%, which was higher 
than that in other studies. The main reason was that the chil-
dren in this study were older, and the optic disc ovality was 
defined as greater than 1.3 according to the literature [12]. 
Therefore, the results of this study, to a certain extent, reflect 
the prevalence of optic disc ovality in 10-year-old myopic 
children. In the population-based cross-sectional study of the 

adolescent children from Singapore Cohort Study of Risk 
Factors for Myopia (SCORM) [8], Samarawickrama et al. 
identified 454 (37.0% sample prevalence) cases of tilted 
optic disc. The adolescents with tilted optic discs tended to 
have a longer AL and a greater myopic SER. After adjusting 
for age, gender, ethnicity, AL, and cylindrical error, tilted 
optic discs were significantly associated with myopic refrac-
tive error. Adolescents of Chinese ethnicity had the highest 
proportion of tilted optic discs. At the same time, Hwang 
et al. suggested that the degree of optic disc tilt and the 
longitudinal variation of optic disc tilt axis could be evalu-
ated by continuous fundus photographs. They believe that 
the relationship between the longitudinal changes of optic 
disc tilt and other factors can provide important clues for 
the pathogenesis of myopia optic disc tilt [11]. However, 
there is no further evidence on the relationship between the 
change of optic disc tilt and the progression of myopia dur-
ing follow-up. In this study, the changes of optic disc ovality 
index in children with different diopter and AL progressions 
were analyzed through 1-year follow-up, showing that the 
progression of myopia and AL was positively correlated 
with the increase of optic disc ovality index, with statisti-
cal significance. The results of this study also showed that 
there is a correlation between optic disc ovality and diopter. 
With the increase of myopia diopter, the optic disc ovality 
index also increased, which was consistent with other stud-
ies. In addition, this study also revealed that for children 
with longer AL and increased diopter, the increase of optic 
disc ovality would be greater.

The reason for the change of fundus optic disc is not very 
clear at present. Some studies have shown it might be related 
to the thickness of the choroid. In Chen’s study, 821 young 
myopic patients were tested for the optic disc tilt, PPA, and 
the thickness of the choroid and found that the prevalence 
of the optic disc tilt and PPA increased as AL increased, 
while with the increase of the area of PPA, the choroidal 
thickness of macular and peripapillary decreased. In addi-
tion, with the increase of the rate of optic disc tilt, the cho-
roidal thickness of macular increased, and the peripapillary 
choroidal thickness decreased [20]. The area of β-PPA was 
also correlated with the density of peripapillary capillaries. 
Sung et al. examined 80 myopic subjects with β-PPA whose 
mean AL and SE refractive error were 26.47 ± 1.17 mm 
and − 6.28 ± 2.71 diopters. The group with the presence of 
Bruch membrane (BM) had a more inferiorly rotated optic 
disc, larger β-PPA, and lower superficial and deep parapap-
illary vessel density. Multivariate linear regression analy-
sis showed that the average PPA + BM width on horizon-
tal scans was significantly associated with superficial and 
deep parapapillary vessel density (P = 0.034 and P = 0.003, 
respectively). So PPA was closely correlated with parapapil-
lary vessel density [21]. Therefore, for children with myopia, 
the morphological changes of optic disc and β-PPA were of 
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great significance for the study of the pathogenesis of myo-
pia. Meanwhile, this study showed that the morphological 
changes of optic disc and β-PPA in the follow-up of myopia 
were also an important indicator for the evaluation of myo-
pia progression and had great potential in the prevention and 
control of myopia.

There are some differences in myopia progression 
between genders. Czepita et al. studied the role of gen-
der in the progression of myopia among Polish school-
children, with 4875 children from elementary schools 
and high schools examined (2470 boys, aged 6–16 years, 
mean age 11.0, SD = 2.6 and 2405 girls, aged 6–16 years, 
mean age 11.1, SD = 2.6). It was found that the SE among 
Polish boys was similar to that among Polish girls before 
the age of 9 years. However, in older children, lower SE 
values and higher prevalence of myopia were found among 
girls, both at 9–13 years range and at 13–16 years range 
[22]. Rudnicka et al. also reported that sex difference in 
the age-specific prevalence of myopia exists in whites and 
East Asians, which emerges at about 9 years of age and 
becomes more marked through adolescence showing dou-
ble the odds of myopia in girls compared with boys [23]. 
In the Handan Offspring Myopia Study, the prevalence of 
myopia (spherical equivalent refraction <  − 0.5 diopter) 
were 23.5% in males and 30.8% in females [24]. In the 
current study, the primary school students were mostly 
10 years old, and the prevalence of myopia was 67.19% in 
boys, and 76.96% in girls. The study also found that the 
progression of horizontal β-PPA, area of β-PPA, optic disc 
ovality index, and diopter in girls were slightly faster than 
that in boys. To some extent, the changes of fundus in girls 
might be faster than that in boys during the development 
of myopia.

The current study also has some limitations. Firstly, 
the follow-up interval was only 1 year, and some sub-
tle changes would not be identified in such a short time 
period, so this study fails to observe the long-term 
changes. Therefore, the follow-up interval should be 
increased in the future research. Second, as the parents of 
the students did not agree to use cycloplegia, the refrac-
tive error was assessed without cycloplegia. However, for 
children who were suspected of spasm of accommodation, 
the fogging lenses were performed to negate the effect of 
accommodation, which could improve the accuracy to a 
certain extent, and also could reflect the refractive state of 
the children [25, 26].

The 1-year follow-up study of the third-grade primary 
school students showed that the myopia progressed sig-
nificantly. It was also found that with the progression of 
myopia and the growth of AL, the β-PPA and the optic disc 
ovality index also changed. There was a positive correla-
tion between the change of the β-PPA and optic disc oval-
ity index and the progression of myopia diopter and AL.
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