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Purpose: To investigate the progression of myopic maculopathy and associated factors
in highly myopic Chinese children.

Methods: In this retrospective observational case series, biometric fundus features were
morphometrically measured on photographs. Myopic maculopathy was defined as
recommended by the Meta-analysis of Pathologic Myopia Study Group.

Results: The study included 274 children (mean age: 11.7 ± 2.5 years; mean refractive
error: 27.66 ± 1.87 diopters [D]) with a mean follow-up of 4.9 ± 1.2 years. Myopic macul-
opathy progression was detected in 52 eyes (18.9%; 95% confidence interval [CI]: 14.3–
23.7%). In multivariable analysis, myopic maculopathy progression was associated with a
decrease in refractive error (odds ratio [OR]: 0.72; 95% CI: 0.56–0.92; P , 0.001) (i.e.,
higher myopization) and enlargement of parapapillary gamma zone (OR: 7.68; 95% CI:
1.63–36.2; P = 0.002). Incident peripapillary diffuse choroidal atrophy, noted in 47 of 236
eyes (20.0%; 95% CI: 14.8–25.2%), was correlated with a decrease in refractive error (OR:
0.70; 95% CI: 0.54–0.92; P = 0.009) (i.e., higher myopization) and greater gamma zone
enlargement (OR: 8.28; 95% CI: 1.33–51.7; P = 0.02).

Conclusion:Myopia in schoolchildren may have a considerable risk of progressing to myopic
maculopathy. Enlargement of parapapillary gamma zone was a main independent risk factor.
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In the past three decades, the prevalence of myopia
increased markedly among the young generation, in

particular in East Asia.1,2 It is predicted that high myo-
pia, specifically pathologic myopia with myopic mac-
ulopathy, could become the most common cause for
irreversible blindness worldwide.3,4 Because patho-
logic high myopia seen in adults (.50 years of age)
and schoolchildren differ in their associations with the
level of education, it is unclear whether the high myo-
pia of adults and schoolchildren have the same risk of
progressing to the pathologic stage of myopic macul-
opathy (MM).5,6 Myopic maculopathy is clinically sig-
nificant and increases the risk of irreversible visual
impairment. However, the progression of MM in
young individuals has remained to be elusive yet.7–9

Besides myopia onset at a young age of ,10 years,
other risk factors for the eventual development of high
myopia and pathologic myopia have not been identified
in large studies yet.8 A previous case series study

described the presence of peripapillary diffuse choroidal
atrophy (PDCA) in children and adolescents as a potential
biomarker for pathologic myopia development in adult-
hood.10 Although previous investigations on longitudinal
changes of MM focused on adults, the timing of the
development and progression of myopic fundus changes
in children and adolescents and the factors associated
with it are unclear.9,11–15 We, therefore, conducted this
study to: 1) evaluate the prevalence of PDCA and the
presence and degree of MM in highly myopic children;
2) explore PDCA and MM changes during a follow-up of
$4 years; and 3) find factors associated with PDCA and
MM prevalence and their changes over time.

Methods

Bilateral highly myopic children who were exam-
ined from August 2010 and followed up for at least
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four years at the Beijing Tongren Hospital until
August 2018 were included into this retrospective
study. The study procedures were approved by the
Ethics Committee of the Tongren Hospital, Capital
Medical University, and followed the Declaration of
Helsinki. All participants provided written informed
consents. We defined high myopia as a myopic
refractive error (spherical equivalent) of less than
26.0 diopters (D).16 The inclusion criteria were a
baseline age of less than 18 years and a refractive error
of ,26.0 D. Children with ocular disorders (except
for MM), history of an ocular surgery, and poor-
quality photographs of the fundus were excluded.
All participants underwent the same ocular exami-

nations at baseline and during the last visit. Ocular
examinations conducted for all patients consisted of
refractometry and measurement of best-corrected
visual acuity using a retroilluminated visual chart with
tumbling-E optotypes (MC-3; Topcon Corporation,
Japan), slit-lamp–based examination of the anterior
segment, and color digital fundus photography (CR-
DGI or CR-2, Canon Inc, Tokyo, Japan). The refrac-
tive error was determined by cycloplegic refractometry
using auto-refractometry (Autorefractor KR-8900;
Topcon, Tokyo, Japan).
Biometric measurements of fundus structures (Fig-

ure 1) were conducted using the ImageJ software (ver-
sion 1.43u; developed by Wayne Rasband, National
Institute of Health, Bethesda, MD; available in the
public domain at http://rsb.info.nih.gov/ij/index.
html). The technique has been described in detail pre-
viously (see Text, Supplemental Digital Content 1,

http://links.lww.com/IAE/B343, which demonstrates
the definitions of biometric fundus features).17–20 We
corrected the image magnification by the optic media of
the eye by applying Bengtsson’s21 method and used the
refractive error as the parameter for the calculations.
The degree of fundus tessellation was graded in the

macular region and in four peripapillary regions. It
ranged from Grade “0” (no visibility of the large cho-
roidal vessels outside the region of the parapapillary
region) to Grade “3” (marked visibility).22 The con-
trast, brightness, background pigmentation, and pho-
tographic quality of the images were taken into
account. The subjective evaluation of the photographs
was repeatedly calibrated using standard photographs
during the study. Myopic maculopathy was classified
into four categories as recommended by the META-
PM Study Group.4 We distinguished PDCA from
macular diffuse choroidal atrophy (Figure 2). “Patho-
logic myopia” was defined by the presence of struc-
tural changes in the posterior segment of the eye
(including posterior staphyloma, myopic maculopathy,
and high myopia-associated optic neuropathy).16 Pro-
gression of MM was defined as an increase from Cat-
egory 0/Category 1 to Category 2 or higher, and as
progression of PDCA to macular diffuse choroidal
atrophy. The development or enlargement of com-
bined parapapillary gamma zone was also recorded.
The assessment of the interobserver and intraobserver
variability was assessed (see Text, Supplemental Dig-
ital Content 2, http://links.lww.com/IAE/B344, which

Fig. 1. Illustration of measured fundus features. Fundus photograph
showing the angle between the temporal arterial arcade and the disk center-
fovea line with the optic disk as the vertex of the angle (angle a and angle
b). The vertical distance between the temporal superior and temporal inferior
arterial arcades was the distance between point A and point B, which were
the crossing points of a vertical line passing through the fovea and crossing
the temporal superior arterial arcade A and crossing the temporal inferior
arterial arcade B. Black arrows: Parapapillary gamma zone.
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shows the results of intraobserver and interobserver
variability of measurements).
For the statistical analyses, we used a commercially

available software package (SPSS for Windows,
version 25.0, IBM-SPSS, Chicago, IL). Only the right
eyes were included into the analysis due to the highly
significant correlation of refractive errors between both
eyes of the same individual (correlation coefficient, r =
0.85). We calculated the spherical equivalent of the
refractive error as: spherical error + 0.5 · cylindrical
error. A descriptive analysis was presented as mean
values ± SDs. We performed univariate analyses using
the Mann–Whitney U test to compare subgroups with
or without incident PDCA and with or without pro-
gression of MM. We then performed a stepwise mul-
tivariable binary regression analysis with the incidence
of PDCA or progression of MM as the dependent
variable and all variables that were significantly
associated with the outcome parameter in the univar-
iate analysis as independent parameters. The chi-
square test was performed to detect significant differ-
ences in the frequencies of parameters. Odds ratios
(OR) and 95% confidence intervals (CI) were calcu-
lated, and the statistical significance threshold was set
at a P-value of ,0.05.

Results

The study population consisted of 274 patients
(141 girls, 51.4%) with a mean age of 11.8 ± 2.5
years (range, 4–17 years) and a mean refractive error
of 27.65 ± 1.86 D (range, 217.50 to 26.00 D) at
baseline, and with a mean age of 16.7 ± 2.6 years
(range, 10–23 years) and a mean refractive error of
29.78 ± 2.15 D (range: 218.38 to 26.25 D) at the
last visit (see Figure, Supplemental Digital Content
3, http://links.lww.com/IAE/B345, which shows the
flowchart of the study population). The mean follow-

up was 4.9 ± 1.2 years (range, 4–8 years) (Table 1).
As compared to the children included into the study,
the children with a follow-up of less than 4 years
were older (14.0 ± 2.51 vs. 11.9 ± 2.34 years, P ,
0.000) and had a less myopic refractive error (26.89
± 1.39 vs. 27.11 ± 1.44 D, P = 0.04). They did not
differ significantly in sex (P = 0.89).

Myopic Maculopathy Progression

The MM prevalence at baseline was 35.4% (97/274),
50.7% (139/274), and 13.9% (38/274) for Categories 0,
1, and 2, respectively (Table 2). We detected an MM
progression in 52 of 274 eyes (18.9%; 95% CI: 14.3–
23.7%). MM progressed from Category 0 to 2 in four
eyes of 97 eyes (4.1%; 95% CI: 0.1–8.2%), from Cat-
egory 1 to 2 in 44 of 139 eyes (31.9%; 95% CI: 24.0–
39.8%), and from Category 2 to 3 with development of
patchy atrophies in one of 38 eyes (2.6%; 95% CI:
22.6 to 7.8%) (Figure 3). In addition, three eyes
(7.7%; 95% CI: 21.1 to 16.4%) showed a spatial pro-
gression of a peripapillary diffuse choroidal atrophy in
direction to the foveal region. Individuals with diffuse
choroidal atrophy at baseline had a younger age (P =
0.01) compared to individuals without the presence of
diffuse choroidal atrophy. However, they did not differ
significantly in the enlargement of the maximal width of
gamma zone, change in the distance between the optic
center and outer border of gamma zone, and the rate of
MM progression (Table 3).
Compared to patients with a stable myopic fundus,

the patients with MM progression had a significantly
larger progression of myopic refractive error (P ,
0.001), a greater enlargement of the maximal width
of gamma zone (P , 0.001), a larger increase in the
disk–fovea distance (P , 0.001) and in the optic disk
ovality (P , 0.001), a larger increase in the vertical
optic disk diameter (P , 0.001) and in the maximal
optic disk diameter (P , 0.001), a greater increase in

Fig. 2. Progression of peri-
papillary diffuse atrophy. Fun-
dus photograph showing the
progression of a slight peri-
papillary diffuse atrophy to a
diffuse choroidal atrophy during
the follow-up. A. Image from the
right eye obtained at the first
visit with a refractive error of
26.50 D at an age of 10 years.
Slight peripapillary diffuse atro-
phy was visible during the first
examination (white arrows). B.
Four years later, peripapillary
diffuse atrophy had progressed
toward the fovea (white arrows),
with a refractive error of 29.38
D.
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the vertical distance between the temporal superior and
temporal inferior arterial arcade (P = 0.008), a greater
increase in the distance between the optic disk center
and the temporal superior (P , 0.001) and temporal
inferior arterial arcades (P , 0.001), and a greater
progression of the macular and peripheral superior,
temporal, and nasal fundus tessellation (P , 0.001). It
was not significantly associated with any of the base-
line parameters (Table 4).
In the multivariable analysis, we first dropped due to

collinearity of the following parameters: change in the

maximal optic disk diameter (variance inflation factor
[VIF], 42.1), elongation of the disk–fovea distance (VIF,
28.2), increase in the distance between the optic disk
center and the superior (VIF, 16.0) and inferior arterial
arcades (VIF, 18.7), and change in the vertical optic disk
diameter (VIF, 38.5). Due to a lack of statistical signifi-
cance, we then dropped in a step-by-step manner the
parameter of a change in optic disk ovality (P = 0.08).
In the final model, MM progression was associated with a
larger increase in myopic refractive error (i.e., a more
negative refractive error) (OR, 0.72; 95% CI: 0.56–0.92;

Table 1. Ocular Characteristics of the Study Population at Baseline and at the Last Study Visit

Characteristics First Visit Last Visit P

Best-corrected visual acuity (logMAR), mean (SD) 0.05 (0.13) 0.03 (0.10) ,0.001*
Refractive error, mean (SD), D 27.66 (1.87) 29.78 (2.17) ,0.001*
Horizontal optic disk diameter, mean (SD), mm 1.10 (0.33) 1.24 (0.31) ,0.001*
Vertical optic disk diameter, mean (SD), mm 1.32 (0.37) 1.59 (0.31) ,0.001*
Minimal optic disk diameter, mean (SD), mm 1.08 (0.31) 1.25 (0.69) ,0.001*
Maximal optic disk diameter, mean (SD), mm 1.34 (0.38) 1.63 (0.31) ,0.001*
Disk–fovea distance, mean (SD), mm 3.79 (0.88) 4.67 (0.60) ,0.001*
Optic disk ovality, mean (SD) 1.26 (0.19) 1.38 (0.30) ,0.001*
Distance between the optic center and the outer border of
parapapillary gamma zone, mean (SD), mm

0.97 (0.33) 1.33 (0.36) ,0.001*

Distance between the optic center and the optic disk border
on the disk–fovea line, mean (SD), mm

0.57 (0.17) 0.63 (0.17) ,0.001*

Parapapillary gamma zone maximal width, mean (SD), mm 0.38 (0.21) 0.62 (0.28) ,0.001*
Vertical distance between the temporal superior and
temporal inferior arterial arcade, mean (SD), mm

5.96 (1.39) 7.10 (1.45) ,0.001*

Distance between the optic center and the superior temporal
arcade, mean (SD), mm

4.73 (0.99) 5.81 (0.84) ,0.001*

Distance between the optic center and the inferior temporal
arcade, mean (SD), mm

4.92 (1.07) 5.91 (0.79) ,0.001*

Angle between maximal disk diameter and the horizontal
line, mean (SD), °

78.5 (29.9) 81.8 (22.9) 0.145*

Angle between horizontal line and superior arcade, mean (SD), ° 41.9 (7.48) 40.1 (7.13) 0.009*
Angle between horizontal line and inferior arcade, mean (SD), ° 35.1 (6.76) 33.8 (6.24) 0.016*
Presence of PDCA, number (%) 39 (14.2) 86 (31.4) ,0.001†
Proportion of macular fundus tessellation, n (%) ,0.001†
Grade 0 24 (8.8) 2 (0.7)
Grade 1 181 (66.1) 116 (42.3)
Grade 2 50 (18.2) 108 (39.4)
Grade 3 19 (6.9) 48 (17.5)

Degree of macular fundus tessellation, mean (SD) 1.25 (0.71) 1.75 (0.75) ,0.001*
Degree of fundus tessellation in superior parapapillary
region, mean (SD)

1.44 (0.73) 1.84 (0.71) ,0.001*

Degree of fundus tessellation in inferior parapapillary
region, mean (SD)

1.70 (0.79) 2.16 (0.70) ,0.001*

Degree of fundus tessellation in nasal parapapillary
region, mean (SD)

1.50 (0.72) 1.88 (0.71) ,0.001*

Degree of fundus tessellation in temporal parapapillary
region, mean (SD)

1.44 (0.81) 1.93 (0.79) ,0.001*

Category of myopic maculopathy, n (%) ,0.001†
Category 0 97 (35.4) 58 (21.2)
Category 1 139 (50.7) 130 (47.4)
Category 2 and 3 38 (13.9) 86 (31.4)

*Mann–Whitney U test.
†Chi-square test.
logMAR, logarithm of minimum angle of resolution.
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P , 0.001) and with a greater enlargement of the maxi-
mal width of gamma zone (OR, 7.68; 95% CI: 1.63–36.2;
P = 0.002).

Incidence of Peripapillary Diffuse
Choroidal Atrophy

At baseline, we detected a PDCA in 38 of 274 eyes
(13.9%; 95% CI: 10.0–18.3%) (Table 2). The PDCA
was located temporal to the optic nerve head in all of
these eyes. We observed an incident PDCA in 47 of
the remaining 236 eyes (20.0%; 95% CI: 14.8–25.2%).
The incident PDCA was located temporal to the optic
disk in 46 of 47 eyes (97.9%) and inferior to the optic
nerve head in one eye.
In univariate analysis, patients with incident PDCA

differed from individuals with no change in the status of
PDCA in the change of refractive error, distance between
the optic disk and the superior arterial arcade, maximal
gamma zone width, optic disk–fovea distance, optic disk
vertical diameter, and progression of the macular and
peripheral fundus tessellation (P , 0.001). They did not
differ significantly in any of the baseline parameters,
except for the fundus tessellation parameters (Table 5).

In the multivariable binary regression analysis with
incident PDCA as the dependent variable, we first
dropped due to collinearity of the parameters of
distance between the optic disk and the superior
arterial arcade (VIF, 13.2) and the disk-fovea distance
(VIF, 6.60). Due to a lack of statistical significance,
we then dropped the parameters of change in the
vertical optic disk diameter (P = 0.35). In the final
model, incident PDCA was significantly associated
with a higher change in myopic refractive error (i.e.,
a more negative refractive error) (OR, 0.70; 95% CI:
0.54–0.92; P = 0.009) and with a greater enlargement
of the maximal width of gamma zone (OR, 8.28; 95%
CI: 1.33–51.7; P = 0.02).
A higher prevalence of PDCA at baseline was

correlated with the baseline parameters of younger
age (OR, 0.74; 95% CI: 0.64–0.86; P , 0.001), more
myopic refractive error (OR, 0.73; 95% CI: 0.59–0.89;
P = 0.002), and larger width of gamma zone (OR,
73.1; 95% CI: 13.3–403; P , 0.001).
In linear multivariable analysis, the enlargement of

the maximal width of the parapapillary gamma zone
was associated with an increase in myopic refractive
error (beta, 0.33; B, 0.05; 95% CI: 0.03–0.06; P ,

Table 2. Distribution of the Presence of PDCA and of the Categories (C0 to C3) of Myopic Maculopathy at Baseline and at
the Last Study Visit

Age,
Years

No. Study
Participants

Follow-
Up

Refractive Error,
Mean (SD), D

Presence
of PDCA C0 C1 C2 C3

4 3 Baseline 27.88 ± 1.81 1 0 2 1 0
Last visit 213.33 ± 1.94 2 0 1 2 0

5 3 Baseline 27.62 ± 0.63 0 1 2 0 0
Last visit 212.08 ± 2.57 2 0 1 2 0

6 5 Baseline 28.31 ± 0.66 2 0 3 2 0
Last visit 211.25 ± 2.33 3 0 2 3 0

7 8 Baseline 26.89 ± 0.69 3 1 4 3 0
Last visit 29.61 ± 2.26 4 1 3 4 0

8 10 Baseline 27.33 ± 2.08 4 4 2 4 0
Last visit 210.45 ± 2.19 6 2 2 6 0

9 12 Baseline 27.42 ± 2.42 3 5 4 3 0
Last visit 29.91 ± 1.88 3 2 7 3 0

10 28 Baseline 26.78 ± 1.13 3 11 14 3 0
Last visit 29.38 ± 1.84 10 4 14 10 0

11 36 Baseline 27.55 ± 1.44 5 15 16 5 0
Last visit 29.85 ± 1.85 10 11 15 10 0

12 60 Baseline 27.64 ± 2.34 6 24 30 6 0
Last visit 29.83 ± 2.56 18 10 32 18 0

13 49 Baseline 27.83 ± 1.88 7 18 24 7 0
Last visit 29.66 ± 2.09 13 13 23 13 0

14 26 Baseline 27.59 ± 1.29 1 8 17 1 0
Last visit 29.44 ± 1.76 7 6 13 6 1

15 23 Baseline 28.16 ± 1.83 1 8 14 1 0
Last visit 29.18 ± 1.91 4 8 11 4 0

16 9 Baseline 28.96 ± 2.05 2 2 5 2 0
Last visit 29.90 ± 2.58 3 1 5 3 0

17 2 Baseline 210.62 ± 0.18 0 0 2 0 0
Last visit 211.18 ± 1.33 1 0 1 1 0
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0.001) and incidence of PDCA (beta, 0.15; B, 0.07;
95% CI: 0.01–0.12; P = 0.02). If the parameter of MM
stage progression was added, the latter was signifi-
cantly correlated (beta, 0.22; B, 0.10; 95% CI: 0.05–
0.16; P = 0.001), whereas PDCA was not (P = 0.85).

Discussion

In our study population, the prevalence of MM was
35.4, 50.7, and 13.9% for Categories 0, 1, and 2,
respectively. We detected a progression of MM in 52

eyes (18.9%). Risk factors were a more marked
myopization and greater enlargement of gamma zone.
The prevalence of PDCA was 13.9% at baseline, and
its incidence was 20.0%, with the risk factors of a
higher amount of myopization and greater enlargement
of gamma zone.
The findings obtained in our study on the prevalence

of various MM categories can hardly be compared
with other studies, due to varying definitions of MM
and differences in the study population. Kobayashi
et al23 reviewed the medical records of 46 children
with a mean age of 5.4 ± 2.1 years and a mean

Table 3. Progression Patterns in Eyes With and Without Diffuse Choroidal Atrophy at Baseline

Characteristic

Diffuse Choroidal Atrophy

PYes (38 Eyes) No (236 Eyes)

Age at baseline, mean (SD), years 10.7 (2.86) 11.9 (2.37) 0.01
Change in parapapillary gamma zone maximal
width, mean (SD), mm

0.26 (0.30) 0.27 (0.18) 0.79*

Change in distance between optic center and outer
border of gamma zone, mean (SD), mm

0.32 (0.46) 0.36 (0.25) 0.46*

Myopic maculopathy progression, number (%) 4 (10.5) 48 (20.3) 0.11†
Time of follow-up, mean (SD), years 5.1 (0.9) 4.9 (1.1) 0.30*

*Mann–Whitney U test.
†Chi-square test.

Fig. 3. Progression of myopic
maculopathy. Fundus photo-
graphs of two patients (images A
and B and images C and D)
showing the progression of
myopic maculopathy during the
follow-up. A. Image obtained at
the first visit at an age of 9 years
with a refractive error of 213.50
D and with the macula defined
as Category 1. B. The fundus
had progressed to Category 2 as
peripapillary diffuse atrophy was
visible (white arrows) 4 years
later with a refractive error of
214.25 D. C. Image of the
second patient at the first visit at
an age of 14 years, with a
refractive error of 211.00 D,
and with the macula defined as
Category 2. D. Eight years after
the first visit, the macula had
progressed to Category 3 with
patchy atrophy (black arrow)
and with a refractive error of
218.38 D.

CHINESE CHILDREN WITH HIGH MYOPIA � GUO ET AL 1507



refractive error of 28.4 ± 3.8 D and reported that a
mild chorioretinal atrophy around the optic disk was
found in 13 eyes (16%). Koh et al examined 16 Chi-
nese men (mean age, 21.8 ± 1.3 years; mean refractive
error, 210.88 ± 1.25 D) and found the prevalence of
fundus tessellation to be 86%, whereas none of the
participants showed a Category 2 of MM.24 A study
by Li et al,15 which included Chinese individuals
(mean age, 21.6 ± 12.2 years; mean refractive error,
210.18 ± 3.38 D), found that MM progressed in 97
(14.8%) of 657 eyes during a 2-year follow-up period.
Differences in the duration of follow-up and composi-
tion of study population may explain the differences in
the rate of progression between studies. In previous
studies, the patients with MM progression as com-
pared to individuals with a stable macula were older,
had a greater axial elongation, and greater change in

myopic refractive error. Also, in our study, an increase
in myopic refractive error was a risk factor for the
progression of MM, whereas age was not significantly
associated. Interestingly, studies on elderly highly
myopic patients revealed that the risk of MM progres-
sion increased with older age.13,14,25–27 The relatively
young age in our study population might have been the
reason that age was not significantly associated with a
higher risk of MM progression. Another reason could
be that our study population was potentially composed
of two subgroups, one with an early onset of myopia
and a genetic basis of myopia in the family, and a
second subgroup with an onset of myopia after the
age of 10 to 13 years with a predominantly environ-
mental etiology of myopia.8 The young age and the
composition of the study population may also be the
reasons why a potential difference between individuals

Table 4. Ocular Characteristics of the Whole Participants With and Without Myopic Maculopathy Progression Using
Mann–Whitney U Test

Characteristic

Progression

PYes (52 Eyes) No (222 Eyes)

Baseline
Age, mean (SD), years 11.4 (2.8) 11.8 (2.4) 0.42
Best-corrected visual acuity (logMAR), mean (SD) 0.04 (0.09) 0.06 (0.14) 0.86
Refractive error, mean (SD), D 27.63 (1.90) 27.65 (1.85) 0.78
Distance between optic center and outer border of gamma
zone, mean (SD), mm

0.97 (0.33) 0.98 (0.33) 0.87

Parapapillary gamma zone maximal width, mean (SD), mm 0.44 (0.23) 0.44 (0.25) 0.78
Follow-up
Best-corrected visual acuity (logMAR), mean (SD) 0.01 (0.04) 0.03 (0.11) 0.63
Refractive error, mean (SD), D 210.40 (2.39) 29.63 (2.08) 0.04
Distance between optic center and outer border of gamma zone,
mean (SD), mm

1.45 (0.45) 1.30 (0.33) 0.02

Parapapillary gamma zone maximal width, mean (SD), mm 0.81 (0.40) 0.68 (0.31) 0.05
Degree of macular fundus tessellation, mean (SD) 2.25 (0.65) 1.62 (0.72) ,0.001
Degree of fundus tessellation in the superior parapapillary region,
mean (SD)

2.37 (0.56) 1.72 (0.70) ,0.001

Degree of fundus tessellation in the inferior parapapillary region,
mean (SD)

2.67 (0.47) 2.04 (0.69) ,0.001

Degree of fundus tessellation in the nasal parapapillary region,
mean (SD)

2.38 (0.53) 1.76 (0.70) ,0.001

Degree of fundus tessellation in the temporal parapapillary region,
mean (SD)

2.65 (0.48) 1.76 (0.75) ,0.001

Changes in variables
Change in refractive error, mean (SD), D 22.77 (1.57) 21.98 (1.22) 0.001
Change in parapapillary gamma zone maximal width, mean (SD), mm 0.37 (0.26) 0.25 (0.18) 0.001
Change in degree of macular fundus tessellation, mean (SD) 0.79 (0.57) 0.44 (0.52) ,0.001
Change in degree of fundus tessellation in the superior parapapillary
region, mean (SD)

0.65 (0.52) 0.35 (0.49) ,0.001

Change in degree of fundus tessellation in the inferior parapapillary
region, mean (SD)

0.52 (0.58) 0.45 (0.53) 0.50

Change in degree of fundus tessellation in the nasal parapapillary
region, mean (SD)

0.63 (0.49) 0.32 (0.50) ,0.001

Change in degree of fundus tessellation in the temporal
parapapillary region, mean (SD)

0.83 (0.62) 0.41 (0.53) ,0.001

Time of follow-up, mean (SD), years 5.0 (1.1) 4.9 (1.1) 0.46

logMAR, logarithm of minimum angle of resolution.

1508 RETINA, THE JOURNAL OF RETINAL AND VITREOUS DISEASES � 2021 � VOLUME 41 � NUMBER 7



with diffuse choroidal atrophy at baseline as compared
to those without diffuse choroidal atrophy at baseline
in the progression pattern did not reach a level of
statistical significance.
In a previous study, the presence of PDCA, in

association with a segmental thinning of the choroid,
has been discussed to be a biomarker in children with
high myopia for the eventual development of patho-
logic myopia in later life.10,28 In the present hospital-

based study, the incidence of PDCA (47/236 eyes or
20.0%) was associated with a higher amount of myop-
ization (OR, 0.70) and a greater enlargement of gamma
zone (OR, 8.28). It was, however, not significantly
associated with a higher risk of an MM progression,
which was associated with the same risk factors. It
may suggest that the incidence of PDCA and the pro-
gression of MM occurred concurrently, which is likely
because the development of a diffuse choroidal atrophy

Table 5. Comparison Between Eyes With Incident Peripapillary Diffuse Choroidal Atrophy and Stable Eyes Using Mann–
Whitney U Test

Characteristic
Incident

Group (47 Eyes)
Stable

Group (189 Eyes) P

Baseline
Age, mean (SD), years 11.5 (2.8) 12.0 (2.2) 0.35
Best-corrected visual acuity (logMAR), mean (SD) 0.04 (0.09) 0.04 (0.11) 0.25
Refractive error, mean (SD), D 27.54 (1.81) 27.37 (1.38) 0.80
Distance between optic center and outer border of gamma zone,
mean (SD), mm

0.93 (0.27) 0.92 (0.26) 0.66

Parapapillary gamma zone maximal width, mean (SD), mm 0.41 (0.19) 0.39 (0.21) 0.43
Degree of macular fundus tessellation, mean (SD) 1.38 (0.57) 0.98 (0.49) ,0.001
Degree of fundus tessellation in the superior parapapillary
region, mean (SD)

1.66 (0.64) 1.16 (0.55) ,0.001

Degree of fundus tessellation in the inferior parapapillary region,
mean (SD)

2.11 (0.67) 1.39 (0.65) ,0.001

Degree of fundus tessellation in the nasal parapapillary region,
mean (SD)

1.70 (0.59) 1.24 (0.58) ,0.001

Degree of fundus tessellation in the temporal parapapillary
region, mean (SD)

1.74 (0.60) 1.11 (0.59) ,0.001

Follow-up
Best-corrected visual acuity (logMAR), mean (SD) 0.02 (0.04) 0.01 (0.05) 0.10
Refractive error, mean (SD), D 210.3 (2.32) 29.40 (1.69) 0.02
Distance between optic center and outer border of gamma zone,
mean (SD), mm

1.39 (0.32) 1.24 (0.29) 0.005

Parapapillary gamma zone maximal width, mean (SD), mm 0.77 (0.29) 0.64 (0.29) 0.008
Degree of macular fundus tessellation, mean (SD) 2.19 (0.65) 1.43 (0.58) ,0.001
Degree of fundus tessellation in the superior parapapillary
region, mean (SD)

2.30 (0.55) 1.55 (0.59) ,0.001

Degree of fundus tessellation in the inferior parapapillary region,
mean (SD)

2.64 (0.48) 1.89 (0.65) ,0.001

Degree of fundus tessellation in the nasal parapapillary region,
mean (SD)

2.32 (0.52) 1.60 (0.61) ,0.001

Degree of fundus tessellation in the temporal parapapillary
region, mean (SD)

2.64 (0.48) 1.56 (0.62) ,0.001

Changes in variables
Change in refractive error, mean (SD), D 22.82 (1.63) 22.00 (1.18) 0.002
Change in degree of macular fundus tessellation, mean (SD) 0.81 (0.57) 0.45 (0.52) ,0.001
Change in degree of fundus tessellation in the superior
parapapillary region, mean (SD)

0.64 (0.54) 0.39 (0.50) 0.003

Change in degree of fundus tessellation in the inferior
parapapillary region, mean (SD)

0.53 (0.58) 0.50 (0.54) 0.85

Change in degree of fundus tessellation in the nasal
parapapillary region, mean (SD)

0.62 (0.49) 0.36 (0.52) 0.001

Change in degree of fundus tessellation in the temporal
parapapillary region, mean (SD)

0.89 (0.59) 0.46 (0.54) ,0.001

Change in parapapillary gamma zone maximal width,
mean (SD), mm

0.31 (0.19) 0.22 (0.16) 0.003

Time of follow-up, mean (SD), years 5.0 (1.1) 4.9 (1.2) 0.32

logMAR, logarithm of minimum angle of resolution.
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is the hallmark of Category 2 of MM.4 Because the
prevalence of Category 3 of MM was low in this study
population and PDCA shares similar morphological
features with category two of MM, this study may
not be able to address the question whether PDCA
signified an increased risk for progression of MM (to
Category 3 or 4) or whether PDCA and MM were just
sequels of the same development.
The enlargement of parapapillary gamma zone was a

main risk factor for the progression of MM and for an
increased incidence of PDCA. According to recent
investigations, the enlargement of gamma zone in eyes
with increasing myopia may occur in two steps. In the
first step, the Bruch membrane opening shifts into the
temporal direction toward the macula.29 It leads to and
explains the overhanging of the Bruch membrane at the
nasal optic disk border and the lack of Bruch membrane
at the temporal disk border, i.e., the gamma zone. With
an axial elongation beyond the length of 26.5 mm, the
Bruch membrane opening enlarges into all directions,
such that the gamma zone is present also at the nasal
optic disk border and thus encircles the optic disk.29

The shift and subsequent enlargement of the Bruch
membrane is strongly dependent on axial elongation
and potentially other, yet unknown parameters.30 From
a practical viewpoint, it may indicate that an increase in
the gamma zone may be a biomarker for an increased
risk for the progression of MM.
According to previous studies on adults, progression

of MM correlated with a decrease in best-corrected
visual acuity.11,13,14 It was in contrast to this study, in
which best-corrected visual acuity did not differ signifi-
cantly between eyes with stable versus progressing MM.
A possible reason for this discrepancy might have been
that the MM did not affect the foveal region in our study.
Our study has limitations. First, the study was

performed in a third referral center in North China,
so the results obtained may not be directly generaliz-
able to the general population or to populations of non-
Chinese ethnicity. Second, we did not measure the
axial length, instead we sued the refractive error as
measured under cycloplegia as a surrogate for axial
length. Because the refractive error is dependent on
other additional factors besides axial length, any
change in the corneal or lens refractive power might
have influenced a change in the refractive error. Third,
diffuse choroidal atrophy was diagnosed on fundus
photograph through its yellowish appearance. Changes
in the background pigmentation during the study
period might have influenced its detection. Fourth,
parapapillary gamma zone was measured on fundus
photographs. Availability of optical coherence tomog-
raphy images of the optic disk and the peripapillary
region would have facilitated the outlining of para-

papillary gamma zone. Fifth, the differences between
participants and nonparticipants may have produced a
selection bias in the progression of MM and PDCA.
In conclusion, progression of MM during a mean

follow-up of 4.9 years was detected in 18.9% of highly
myopic schoolchildren aged 4 to 17 years. Enlarging
gamma zone may be a biomarker for progression of
MM and may be measured in schoolchildren with
progressing myopia. Considering the relatively high
progression rate, the findings suggest that myopia in
schoolchildren may have a risk of converting into
pathologic myopia in later life.

Key words: myopic maculopathy, high myopia,
peripapillary diffuse choroidal atrophy, parapapillary
gamma zone, children.
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