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PURPOSE. To evaluate the influencing factors of parapapillary βBM and γ zones incidence
in young adolescents and to explore their associations with axial length progression.

METHODS. In this prospective cohort study, 976 seventh-grade students from nine
secondary schools in Beijing, China, were enrolled and followed up 1 year later. Parapap-
illary βBM zone was defined as retinal pigment epithelium loss while Bruch’s membrane
was present. Parapapillary γ zone was defined as the absence of retinal pigment epithe-
lium and Bruch’s membrane. Logistic regression model was used to analyze the influenc-
ing factors of βBM and γ zone incidence. A linear mixed model was used to analyze the
associations between parapapillary zones and axial elongation.

RESULTS. Of the 976 participants, 139 (14.2%) had only βBM zone, 398 (40.8%) had only
γ zone, and 171 (17.5%) had both. At follow-up, the incidence of βBM zone was 11.5%
(76/659), and the incidence of γ zone was 9.7% (39/404). Optic disc tilt, thinner subfoveal
choroid, and longer axial length at baseline showed a higher risk of γ zone incidence.
The absence of γ zone at baseline showed a faster axial length progression. When the
baseline axial length was 25 mm or longer, the βBM zone was also related to the axial
elongation.

CONCLUSIONS. The γ zone was associated with axial length progression, and the βBM zone
was also associated with the axial length progression when the axial length exceeded
25 mm, which was consistent with the notion that excessive axial length growth not only
is the extension of the eyeball but also has its own pathologic changes.
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Myopia has become a major growing public health prob-
lem.1 The World Health Organization estimated that

half of the world’s population could have myopia and 9.8%
will have high myopia by 2050.2 Myopia demonstrates vari-
ous fundus features, such as peripapillary atrophy, optic
disc tilt and torsion, and fundus tessellation.3–5 In addition,
myopia is associated with a variety of eye disorders, and the
risk increases with the degree of myopia. For each additional
1-diopter increase of myopia, the risk of myopic maculopa-
thy, open-angle glaucoma, posterior subcapsular cataract,
and retinal detachment increased by 58%, 20%, 21%, and
30%, respectively.6

Parapapillary zones are common in myopia. In studies
based on fundus images, Kim et al.7 reported that the axial
length elongation and refractive changes were faster when
there was no parapapillary β zone at baseline within optic

disc changes; Moon and Lim3 also showed that a smaller
parapapillary β zone at baseline showed a faster myopia
progression. In addition, it is reported that parapapillary
zones had a significant association with myopic maculopa-
thy progression.8–10

With the application of optical coherence tomography,
the parapapillary β zone was further divided into the βBM

zone and γ zone. The parapapillary βBM zone is character-
ized by the presence of Bruch’s membrane (BM) and the
absence of retinal pigment epithelium (RPE), and the γ zone
is defined by the absence of the BM and RPE.11 It is reported
that the βBM and γ zone may have different etiologies, which
emphasizes the clinical importance of distinguishing the βBM

and γ zones.12–14 Some studies have suggested that the βBM

zone is associated mostly with glaucoma, while the γ zone
is dependent mostly on axial length.15–18 A cross-sectional
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study showed that a longer width of the parapapillary γ zone
was associated with longer axial length.19 A study conducted
in 46 eyes showed that the axial length of eyes with the
parapapillary γ zone was longer than that of eyes without
parapapillary zones at final visit.11 However, most of these
studies were cross-sectional, and only a few studies have
explored the relationship based on population with para-
papillary zones classified into the βBM zone and γ zone.

The effect of the parapapillary βBM zone and γ zone on
axial length progression may be inconsistent. Therefore, we
conducted the present study to assess the influencing factors
of parapapillary βBM zone and γ zone incidence among
young adolescents and explore the relationships between
parapapillary zones and axial length progression.

METHODS

Study Population

The school-based longitudinal study was conducted in
Beijing, China, using multistage random cluster sampling.
In 2017, six districts (Changping District, Daxing District,
Fengtai District, Huairou District, Shijingshan District, and
Tongzhou District) were randomly selected from 16 districts
in Beijing, and nine schools were selected randomly from
the six districts. Grade 7 students in these nine schools who
underwent a spectral-domain optical coherence tomography
(SD-OCT) scan were included, and those who had glaucoma,
eye trauma, or other eye diseases; had a history of ocular
surgery; wore an orthokeratology lens; and did not sign
informed consent from their parents were excluded. Follow-
up was performed 1 year later. We also excluded participants
with missing axial length data at any one visit. All parents
of participants signed written informed consent. The study
was approved by the Ethics Committee of Beijing Tongren
Hospital, Capital Medical University (TRECKY2019-136).

Examinations

The participants underwent axial length examination,
fundus photography, and a SD-OCT scan at baseline and
follow-up visits. Axial length of only the right eye was
measured by optical low-coherence reflectometry (Lenstar
900 Optical Biometer; Haag-Streit, Koeniz, Switzerland) in a
semidark room.

Nonmydriatic digital fundus photography (45°; CR-2;
Canon, Inc., Tokyo, Japan) was performed for optic disc
evaluation. The fundus images were measured using ImageJ
software (National Institutes of Health, Bethesda, MD, USA).
The method of Littmann and axial length measurements
were used to correct the magnification caused by the optic
media.20,21 We applied the formula of (axial length [mm]
– 1.82) / 21.92 to calculate Littmann’s magnification factor.
The optic disc and parapapillary β zone were identified and
delineated to obtain the area. Fundus photographs could not
clearly distinguish between the βBM zone and the γ zone.
The parapapillary β zone with clearly visible large choroidal
vessels and sclera was identified. The horizontal diameter,
vertical diameter, smallest diameter, and largest diameter of
the optic disc were also measured. Optic disc tilt was defined
as the optic disc largest diameter/smallest diameter >1.3,
and optic disc torsion was defined as the angle between the
longest diameter and vertical diameter of the optic disc >15
degrees.

SD-OCT was performed to obtain OCT images of the
macula and optic disc (Spectralis; Heidelberg Engineering,

Heidelberg, Germany). The measurement was described in
detail by Tian et al.22 As parapapillary zones mostly located
in the temporal margin,9 we obtained only one horizon-
tal section image through the center of the optic disc in
each eye. The parapapillary βBM zone was defined as RPE
loss while BM was present. The parapapillary γ zone was
defined as the absence of RPE and BM. The status of the
participants was classified into (1) eyes without the para-
papillary βBM zone and γ zone, (2) eyes with only the para-
papillary βBM zone, (3) eyes with only the parapapillary γ

zone, and (4) eyes with the parapapillary βBM zone and γ

zone (Fig.). In eyes with only the parapapillary βBM zone in
OCT images, the area of the parapapillary β zone obtained
in fundus images was considered the parapapillary βBM zone
area. Consistently, in eyes with only the parapapillary γ

zone in OCT images, the area of the parapapillary β zone
obtained in fundus images was considered the parapapillary
γ zone area. Fundus photographs could not clearly distin-
guish between the βBM zone and the γ zone, and eyes with
the parapapillary βBM zone and γ zone in OCT images could
not obtain the area of the βBM zone and γ zone, respectively.
Retinal thickness was defined as the distance from the inter-
nal limiting membrane to the interface between photore-
ceptor outer segments and the RPE. Choroidal thickness
was measured as the distance from the RPE to the choroi-
doscleral interface. Measurements were made using Eye
Explorer 5.3.3.0 (Heidelberg Engineering). If automatic layer
segmentation error occurred, a trained ophthalmologist (YG)
performed manual segmentation. To determine intramea-
surement variability, one ophthalmologist (YG) randomly
selected 100 OCT images and measured again 2 weeks later.
For choroidal and retinal thickness measurements, intramea-
surement variability due to variation in this measurer was
greater than 0.93 (intragroup correlation coefficient [ICC]).22

For parapapillary βBM zone and γ zone measurements,
we used κ analyses and confirmed stable repeatability.
A total of 100 OCT images were randomly selected by
two experienced ophthalmologists (YG and LJL), respec-
tively, to determine whether the parapapillary βBM zone
and γ zone were present or not. The κ coefficient of
the two measurements was above 0.80, indicating a good
reproducibility.

The questionnaire included demographic information
(such as age, sex) and parental information (such as parental
myopia and level of education). The questionnaire also
included information regarding outdoor activities and near-
work activities (such as screen time excluding TV and read-
ing and writing time). Total time spent on weekdays and
weekends was summed and divided by 7 to get the average
time per day (hours per day). Time spent playing outdoors
was obtained using questions such as “How much time
does your child spend outdoors? (such as time to run,
play, walk, play football, and play basketball outside).” Chil-
dren were also asked how much time they spent on play-
ing smartphones, tablets, or computers. Watching televi-
sion was classified as a midrange activity and not included
as near work.23 Children were also asked about the time
for doing homework, reading extracurricular books, draw-
ing or practicing calligraphy, and so forth on the way to
school, during lunch breaks, and after school. The question-
naire was completed by students and their parents. Height
and weight were measured by an ultrasonic height/weight
survey meter (NHN-318; Omron, Kyoto, Japan). Body mass
index (BMI) was calculated as the ratio of weight (expressed
in kilograms) divided by height (expressed in meters)
squared.
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FIGURE. Optical coherence tomogram of the optic nerve head. (A) Eyes without the parapapillary βBM zone and γ zone. (B) Eyes with only
the parapapillary βBM zone. Blue arrow: beginning of the RPE; orange arrow: temporal Bruch’s membrane opening and optic disc border.
(C) Eyes with only the parapapillary γ zone. White arrow: beginning of the RPE and BM opening; red arrow: optic disc border. (D) Eyes
with the parapapillary βBM zone and γ zone. Blue arrow: beginning of the RPE; yellow arrow: Bruch’s membrane opening; red arrow: optic
disc border.

Statistical Analysis

For variables with missing values, multiple imputations with
chained equations were used to assign missing covariates to
avoid the bias caused by missing values. Subfoveal choroid
thickness (19.4%) had the highest rate of missing values.
Other covariates had less than 1% missing values. Compar-
isons of variables before and after multiple imputations are
shown in Supplemental Material (see Supplementary Table
S1). The Shapiro–Wilk test was used to verify the normal
distribution of continuous variables. The continuous vari-
able of normal distribution was represented as mean ± SD
and the nonnormal distribution as the median (interquar-
tile range [IQR]). The categorical variable was expressed
as number (percentage). Kruskal–Wallis tests were used
to compare continuous variables nonnormally distributed
between multiple groups, and the χ2 test was used to
compare categorical variables.

We used a logistic regression model to analyze the
relationship between demographic information (sex, BMI,
parental higher education, parental myopia), behavioral
factors (screen time excluding TV, reading and writing time,
outdoor activity), and ocular parameters (area of optic disc,
optic disc tilt, optic disc torsion, subfoveal retina thickness,
subfoveal choroid thickness, axial length at baseline), and
parapapillary βBM and γ zones incidence. Considering the
possible collinearity, the horizontal diameter, vertical diam-
eter, smallest diameter, and largest diameter of the optic disc
were not included as independent variables. The incidence
of the parapapillary βBM zone was calculated as the propor-
tion of participants who developed a parapapillary βBM zone
at follow-up to those who did not have the βBM zone at
baseline. Similarly, the incidence of the parapapillary γ zone
was calculated as the proportion of participants who devel-
oped a parapapillary γ zone at follow-up to those who did
not have a γ zone at baseline. Odds ratios (ORs) and their
95% confidence intervals (CIs) are presented. In addition,
we used a linear mixed model to assess the relationship

between parapapillary zones and axial elongation, with a
random intercept for class. To evaluate the effect of the para-
papillary βBM zone and γ zone on myopia progression at
different axial lengths at baseline, we divided axial length
into <23 mm, 23 to <24 mm, 24 to <25 mm, and ≥25 mm,
and a linear mixed model was performed on four subgroups,
respectively.

For the changes in parapapillary βBM zone area, we
included eyes that had only the βBM zone in OCT images
at baseline and follow-up for restricted cubic splines visual-
ization. Eyes with only the γ zone in OCT images at base-
line and follow-up were used for visualization of changes
in the parapapillary γ zone area. We also plotted restricted
cubic splines of axial length annual growth with the base-
line parapapillary area using data from participants with
only the βBM or γ zone at baseline. All P values were 2-
sided and were considered statistically significant when the
values were <0.05. All P values were two-< 0.05 was consid-
ered statistically significant with two-sided. Statistical anal-
ysis was performed using SAS 9.4 (SAS Institute, Cary, NC,
USA) and R 4.2.3 (R Foundation for Statistical Computing,
Vienna, Austria).

RESULTS

Of 1443 students, 186 were excluded due to eye disease and
orthokeratology wear, 243 were excluded due to missing
baseline or follow-up axial length, and 38 were excluded
due to undetected or poor-quality OCT images. In total,
976 students were eventually included in the analysis.
The median follow-up was 365 days (IQR, 353–366). We
compared the baseline characteristics of the included and
excluded participants, and there were no significant differ-
ences in sex, BMI, and parental myopia (Supplementary
Table S2). Of the 976 participants, 542 (55.5%) were boys
and 434 (44.5%) were girls, with a median age of 12.82 years
(IQR, 12.54–13.08) (Table 1). The median axial length was
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TABLE 2. Logistic Regression Analysis of the Incidence of Parapapillary βBM Zone and Parapapillary γ Zone

Parapapillary βBM Zone Parapapillary γ Zone

Variable OR 95% CI P OR 95% CI P

Sex (reference: male) 1.106 0.653–1.874 0.708 1.816 0.781–4.225 0.166
BMI 0.958 0.902–1.017 0.163 0.947 0.861–1.042 0.263
Area of optic disc 1.288 0.897–1.849 0.170 1.255 0.701–2.248 0.444
Optic disc tilt 1.657 0.961–2.857 0.069 3.712 1.674–8.232 0.001
Optic disc torsion 0.910 0.487–1.700 0.767 0.396 0.138–1.137 0.085
Subfoveal retina thickness 1.000 0.989–1.010 0.937 0.999 0.985–1.014 0.899
Subfoveal choroid thickness 0.996 0.991–1.001 0.106 0.986 0.977–0.994 0.001
Screen time excluding TV 0.809 0.506–1.295 0.377 0.729 0.351–1.515 0.397
Reading and writing time 1.027 0.821–1.285 0.813 0.982 0.686–1.405 0.920
Outdoor activity 0.914 0.621–1.344 0.647 0.682 0.352–1.323 0.258
Parental higher education (reference: none)

One 1.478 0.762–2.867 0.248 0.546 0.195–1.529 0.250
Both parents 0.971 0.518–1.819 0.926 0.516 0.188–1.42 0.200

Parental myopia (reference: none)
One 1.496 0.844–2.651 0.167 0.747 0.314–1.782 0.511
Both parents 2.039 0.996–4.177 0.051 0.691 0.185–2.58 0.582

Axial length at baseline 1.145 0.879–1.490 0.316 2.248 1.438–3.514 <0.001

Statistically significant values (P < 0.05) are shown in bold.

24.30 mm (IQR, 23.61–25.17) at baseline. Of the 976 partic-
ipants, 268 (27.5%) had neither a βBM nor a γ -zone, 139
(14.2%) had only a βBM zone, 398 (40.8%) had only a γ -
zone, and 171 (17.5%) had both. The median axial length
was 24.55 mm (IQR, 23.82–25.44) at follow-up. Of the 659
participants who did not have a parapapillary βBM zone at
baseline, 76 developed a βBM zone at follow-up, and of the
404 individuals who did not have a parapapillary γ zone at
baseline, 39 developed a γ zone at follow-up (Supplemen-
tary Table S3).

There were 13 participants with poor OCT image quality
at the follow-up visit, and a total of 963 participants were
included in the analysis of influence factors of parapapil-

lary βBM zone and γ zone incidence. Optic disc tilt (OR,
3.712; 95% CI, 1.674–8.232; P = 0.001), thinner subfoveal
choroid (OR, 0.986; 95% CI, 0.977–0.994; P = 0.001), and
longer axial length at baseline (OR, 2.248; 95% CI, 1.438–
3.514; P < 0.001) showed a higher risk of parapapillary γ

zone incidence (Table 2). Influencing factors of parapapil-
lary βBM zone incidence were not identified. There was no
significant relationship between axial length at baseline and
change of parapapillary zone area in eyes with only the
parapapillary γ zone or βBM zone at baseline and follow-
up (for eyes with only the parapapillary γ zone at baseline
and follow-up: P= 0.561, P for nonlinearity = 0.704; for eyes
with only the parapapillary βBM zone at baseline and follow-

TABLE 3. Associations of Demographic Information, Behavioral Factors, and Ocular Parameters with 1-Year Axial Elongation

Multivariate Model 1* Multivariate Model 2† Multivariate Model 3‡

Variables Estimate 95% CI P Estimate 95% CI P Estimate 95% CI P

Sex (reference: male) −0.004 −0.022 to 0.015 0.708
BMI −0.003 −0.005 to −0.001 0.008
Area of optic disc −0.015 −0.027 to −0.002 0.019 −0.014 −0.027 to −0.002 0.023
Optic disc tilt −0.012 −0.033 to 0.008 0.236 −0.012 −0.032 to 0.009 0.256
Optic disc torsion 0.008 −0.013 to 0.03 0.433 0.010 −0.011 to 0.031 0.348
Subfoveal retina thickness −0.00023 −0.00057 to 0.00012 0.192 −0.00023 −0.00057 to 0.00011 0.187
Subfoveal choroid thickness −0.00017 −0.00034 to 0.00001 0.061 −0.00014 −0.00031 to 0.00003 0.113
Screen time excluding TV −0.008 −0.022 to 0.007 0.295
Reading and writing time 0.007 −0.001 to 0.015 0.080
Outdoor activity 0.004 −0.01 to 0.018 0.542
Parental higher education (reference: none)

One 0.009 −0.014 to 0.033 0.440
Both parents −0.015 −0.036 to 0.007 0.174

Parental myopia (reference: none)
One 0.028 0.008 to 0.047 0.005
Both parents 0.038 0.011 to 0.065 0.006

Parapapillary atrophy (reference: absence)
Only βBM zone −0.020 −0.049 to 0.009 0.176 −0.017 −0.046 to 0.013 0.264 −0.016 −0.045 to 0.013 0.287
Only γ zone −0.032 −0.056 to −0.009 0.007 −0.034 −0.06 to −0.009 0.009 −0.034 −0.059 to −0.008 0.010
Both −0.037 −0.066 to −0.008 0.013 −0.040 −0.073 to −0.007 0.017 −0.039 −0.072 to −0.007 0.018

Axial length at baseline 0.030 0.022 to 0.039 <0.001 0.031 0.022 to 0.041 <0.001 0.030 0.021 to 0.040 <0.001

* Multivariate model 1: adjusted for axial length at baseline.
† Multivariate model 2: adjusted for optic disc area, optic disc tilt, optic disc torsion, subfoveal retina thickness, subfoveal choroid thickness,

and axial length at baseline.
‡ Multivariate model 3: adjusted for sex, BMI, optic disc area, optic disc tilt, optic disc torsion, subfoveal retina thickness, subfoveal

choroid thickness, screen time excluding TV, reading and writing time, outdoor activity, parental higher education, parental myopia, and
axial length at baseline.

Statistically significant values (P < 0.05) are shown in bold.
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TABLE 4. Associations of Parapapillary Atrophy With 1-Year Axial Elongation in Subgroups

Axial Length Progression
Axial Length at
Baseline (mm)

Parapapillary Atrophy
(Reference: Absence) No. Estimate 95% CI P

<23
Only βBM zone 30 0.003 −0.055 to 0.061 0.921
Only γ zone 19 0.029 −0.054 to 0.112 0.487
Both 4 0.093 −0.054 to 0.240 0.207

23 to <24
Only βBM zone 38 −0.012 −0.068 to 0.045 0.684
Only γ zone 74 −0.035 −0.086 to 0.017 0.189
Both 30 −0.045 −0.114 to 0.024 0.205

24 to <25
Only βBM zone 44 −0.002 −0.064 to 0.060 0.950
Only γ zone 140 −0.031 −0.083 to 0.021 0.244
Both 51 −0.043 −0.108 to 0.022 0.196

≥25
Only βBM zone 27 −0.093 −0.163 to −0.023 0.010
Only γ zone 165 −0.092 −0.151 to −0.033 0.002
Both 86 −0.088 −0.155 to −0.022 0.009

Statistically significant values (P < 0.05) are shown in bold.

up: P = 0.355, P for nonlinearity = 0.753) (Supplementary
Fig. S1).

To explore the risks associated with axial elongation, we
examined sex, BMI, optic disc area, optic disc tilt, optic disc
torsion subfoveal retina thickness, subfoveal choroid thick-
ness, screen time excluding TV, reading and writing time,
outdoor activity, parental higher education, parental myopia,
parapapillary zones, and axial length at baseline through a
linear mixed model (Table 3). Lower BMI (β, –0.003; 95%
CI, –0.005 to –0.001; P = 0.008), smaller optic disc area
(β, –0.014; 95% CI, –0.027 to –0.002; P = 0.023), parental
myopia (one myopic parent: β, 0.028; 95% CI, 0.008–0.047; P
= 0.005; both parents with myopia: β, 0.038; 95% CI, 0.011–
0.065; P = 0.006), and longer axial length at baseline (β,
0.030; 95% CI, 0.021–0.040; P < 0.001) were factors associ-
ated with a rapid rate of axial length growth. The absence
of the parapapillary γ zone at baseline showed a faster axial
length progression(β, –0.034; 95% CI, –0.059 to –0.008; P
= 0.010). There was no significant relationship between the
parapapillary βBM or γ zone area and axial length growth
(for eyes with only the parapapillary γ zone: P = 0.081, P
for nonlinearity = 0.939; for eyes with only the parapapillary
βBM zone: P = 0.498, P for nonlinearity = 0.911) (Supple-
mentary Fig. S2).

Participants were binned according to axial length at
baseline. After adjusting for sex, BMI, optic disc area,
optic disc tilt, optic disc torsion, subfoveal retina thickness,
subfoveal choroid thickness, screen time excluding TV, read-
ing and writing time, outdoor activity, parental higher educa-
tion, parental myopia, and axial length at baseline, the para-
papillary βBM zone was also related to the progress of axial
length when the baseline axial length was 25 mm or longer
(β, –0.093; 95% CI, –0.163 to –0.023; P = 0.010) (Table 4).

DISCUSSION

In our study, the prevalence of total parapapillary β zone
was 72.5% with a median age of 12.82 years, which was simi-
lar to the results of previous studies. A school-based study of
294 sixth-grade children in Beijing showed a parapapillary β

zone prevalence of 69% in 2016.24 Horizontal parapapillary
β zone prevalence was 75.96% (556/732) in children aged 8

to 11 years from six primary schools in Sanhe, Hebei, China,
in 2016.25 The prevalence of the parapapillary β zone among
students with a spherical equivalent refraction less than 0.5
D in Shanghai University in 2016 was 79.9%.26 In addition,
139 (14.2%) had only the βBM zone, 398 (40.8%) had only
the γ zone, and 171 (17.5%) had both in our study. A 2-year
follow-up study of children in Korea showed that 31 of 46
eyes (67.39%) had only the γ zone, 11 (23.91%) had both the
βBM and the γ zone, and none had only the βBM zone.11 The
prevalence in this study was slightly higher than that in our
study, possibly because the study population was myopic
children with a spherical equivalence refraction ≤–0.75 D.

We found that optic disc tilt, thinner subfoveal choroid,
and longer axial length at baseline showed a higher risk
of parapapillary γ zone incidence. However, we found no
statistically significant association between the baseline axial
length and the incidence of the βBM zone. In a cross-sectional
study, Miki et al.27 found that the γ zone significantly corre-
lated with axial length, while the βBM zone did not corre-
late with axial length in non–highly myopic individuals. In a
histomorphometric study of 65 eyes, the βBM zone was asso-
ciated with glaucoma but not with longer axial length. The γ

zone was associated with longer axial length, but it was not
significantly associated with glaucomatous optic neuropa-
thy.28

In addition, we found that after adjusting for sex, BMI,
optic disc area, optic disc tilt, optic disc torsion, subfoveal
retina thickness, subfoveal choroid thickness, screen time
excluding TV, reading and writing time, outdoor activity,
parental higher education, parental myopia, and axial length
at baseline, the presence of the parapapillary γ zone had
a slower axial length progression. This indicates that the
emergence of the parapapillary γ zone is no longer a stage
of rapid progression of axial length. Interestingly, when
the axial length was 25 mm or longer, the presence of
the βBM zone was also associated with a slower growth
of axial length. Similarly, Miki et al.27 found an associa-
tion between parapapillary γ zone and axial length and
no association between βBM zone and axial length in the
non-myopic population. However, in a subsequent cross-
sectional study, Miki et al.29 reported that the parapapil-
lary βBM zone and γ zone are both related to axial length
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in highly myopic participants. The βBM zone was consid-
ered as age-related atrophy of RPE in older participants, as
well as pathologic axial elongation in young highly myopic
participants.

Until now, clinical studies have not been able to deter-
mine the effect of the parapapillary βBM zone on axial length
progression because they have included primarily cross-
sectional investigations or small sample sizes or they did not
divide the βBM and γ zones based on OCT. In a retrospective
longitudinal observational study, Moon et al.3 showed that
the smaller parapapillary β zone based on fundus photog-
raphy at baseline showed a faster myopia progression in
participants with myopia. Our study also found that eyes
with the parapapillary βBM zone or γ zone present had a
slower axial length growth in participants with a 25-mm or
longer axial length. This suggests that the absence of a para-
papillary βBM zone or γ zone might be used as a parameter
to predict the potential for further axial length progression
when axial length is 25 mm or longer.

The mechanism of myopic axial elongation has not been
fully uncovered. One of the theories has suggested that
BM is the main structure making the axial length longer.13

The process of axial elongation occurs by production and
enlargement of BM.30 BM opening (BMO) may shift in direc-
tion to the macula, leading to an overhanging of BM into the
intrapapillary region at the nasal optic disc, the absence of
BM at the temporal side, and the presence of the γ zone.31

During axial elongation, the stress to the optic disc will be
more marked in the temporal region than in the nasal region.
The developmental mechanism of the βBM zone may be the
following process. Lee et al.11 suggested that with axial elon-
gation, the attachment between the inner structure of the
retina and the outer walls is weaker than that between the
RPE and BM. If the growth of the outer wall is too large to
be compensated by shifting, the RPE may slide. This process
may lead to the occurrence of a parapapillary βBM zone.
Consequently, a theoretical basis exists to suggest that when
the axial length increases to a certain extent, the βBM zone
is related to axial length growth. Our results are similar to
the hypothesis proposed by Lee et al.11 This supports the
notion that excessive axial elongation has its own pathology
changes.32

The incidence of the parapapillary γ zone was associ-
ated with thinner subfoveal choroidal thickness. The associ-
ation between the γ zone and subfoveal choroidal thickness
may be due to an association between subfoveal choroidal
thickness and axial length.19 The Beijing Eye Study 2011
showed that subfoveal choroidal thickness decreased with
longer axial length.33 However, there was no significance in
the relationship between subfoveal choroid thickness and
axial length progression during the follow-up in our study.
One possible reason is the short follow-up time. Similarly, a
1-year follow-up study showed an increase in axial length
was not significantly related to subfoveal choroidal thin-
ness.34 Other studies with longer follow-up time showed that
the subfoveal choroid thickness is associated with increased
axial length.35,36

There are some limitations in this study: first, the study
period was limited. Therefore, caution should be exer-
cised when considering the long-term effect of parapap-
illary zones on the growth of axial length. Second, the
parapapillary βBM zone and γ zone were evaluated on the
basis of subjective measurements, which may have led to
certain measurement errors. However, we used κ analy-
ses and confirmed stable repeatability. The κ coefficient of

the two measurements was above 0.80, indicating a good
reproducibility. Third, we obtained only a horizontal section
image through the center of the optic disc in each eye
using optical coherence tomography, which may have led
to an underestimation of the parapapillary βBM zone and
γ zone prevalence. However, the parapapillary βBM zone
and γ zone are mostly located in the temporal margin,9

where most of the parapapillary βBM zone and γ zone can be
found.

In conclusion, the parapapillary γ zone was associated
with axial length progression for young adolescents, and the
parapapillary βBM zone was also associated with axial length
progression when the axial length exceeded 25 mm, which
was consistent with the notion that excessive axial length
growth not only is the extension of the eyeball but also has
its own pathologic changes.
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