W
Eye (2021) 35:665-671 AE) The ROYAL COLLEGE o
https://doi.org/10.1038/541433-020-0945-6 OPHTHALMOLOGISTS

q

Check for
updates

ARTICLE

Relationship between peripapillary atrophy and myopia progression
in the eyes of young school children

Yeji Moon' - Hyun Taek Lim®'

Received: 11 July 2019 / Revised: 24 April 2020 / Accepted: 29 April 2020 / Published online: 12 May 2020
© The Author(s), under exclusive licence to The Royal College of Ophthalmologists 2020

Abstract

Background/Objectives Myopia progression is of great concern because of its association with an increased risk of sight-
threatening conditions. This study aims to determine whether certain clinical and optic disc features are associated with the
rate of myopia progression.

Subjects/Methods In this retrospective longitudinal observational study, we reviewed the medical records of 95 patients
aged 6-11 years with myopia (spherical equivalent refractive error (SER) at baseline < —0.5 D) and collected data regarding
medical history, comprehensive ophthalmologic examination, and fundus photography. Using fundus photographs, we
measured the ratio of horizontal to vertical disc diameter (HVDR), ratio of maximum p-zone peripapillary atrophy (f-PPA)
width to vertical disc diameter (PVDR), and optic disc torsion. Outcome measurements included 2-year myopia progression
(D/year) and overall myopia progression during the entire follow-up with a mean of 51 months.

Results Mean age at initial visit was 7.67 £ 1.50 years and mean SER at baseline was —2.91+1.68 D (range, —5.75
to —0.50D). In the univariate analysis, age, parental myopia, SER at baseline, HVDR, and PVDR were significantly
associated with myopia progression (P < 0.05). In the multivariate analysis, however, only age at initial visit and PVDR were
significant factors associated with both 2-year and overall myopia progression.

Conclusions Children with younger age and smaller B-PPA at baseline showed a faster myopia progression. This study
suggests that the width of B-PPA, regardless of SER, might be used as a quantitative parameter to predict the potential for
further myopia progression associated with scleral stretching.

Introduction

Myopia has emerged as one of the major public health
issues worldwide, particularly affecting up to 80-90% of
young adults in East Asia [1-7]. Although myopia can be
corrected using spectacles, contact lenses, or refractive
surgery, pathologic myopia is associated with sight-
threatening complications, such as myopic macular degen-
eration, retinal detachment, glaucoma, and choroidal neo-
vascularization [8—10].
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Increasing public health care burden of myopia has urged
studies to focus on the risk factors for myopia progression
and control of myopia. Genetic factors including ethnic
background and parental myopia, and environmental risk
factors such as educational attainment, near work, and
outdoor activities have been reported to be associated with
the development and progression of myopia [11, 12]. Var-
ious interventions have become available for myopia con-
trol and treatment; among such interventions, topical
atropine has been suggested as a safe and effective means
for inhibiting myopia progression [13-17].

In addition to the genetic and environmental factors,
ocular structural factors, such as the morphologic char-
acteristics of the optic disc, are also associated with myopia.
A myopic optic disc is characterized by a variety of
optic disc abnormalities including tilted disc, disc torsion,
and peripapillary atrophy, and these optic disc features tend
to worsen with myopia progression [18-22]. It could be
said, therefore, that the optic disc changes can reflect the
degree of myopia. However optic disc changes have not
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been considered as a prognostic factor for myopia
progression.

In the present study, we aimed to determine whether
myopic optic disc features, such as tilted optic disc, disc
torsion, and peripapillary atrophy, are associated with future
course of myopia.

Methods

This study is a retrospective clinical investigation conducted
in myopic children who were diagnosed and followed
regularly every 6 months between 2012 and 2018 at the
myopia clinic of the Asan Medical Center, University of
Ulsan in Seoul, Korea. This study was approved by the
Institutional Review Board of the Asan Medical Center and
adhered to the tenets of the Declaration of Helsinki.

Children aged 6-11 years with myopia of spherical
equivalent refractive error (SER) <—0.50 and >-6.00 diop-
ters (D) in both eyes at baseline were included in this study.
Exclusion criteria were as follows: (1) best-corrected visual
acuity worse than 0.3 logMAR; (2) other concurrent ocular
diseases such as strabismus, congenital cataract, glaucoma,
or retinal disease; (3) a history of traumatic ocular injury or
ocular surgery; (4) any previous treatment for myopia
control; (5) systemic or other neurological diseases that
might affect the measurement of manual refraction; (6)
genetic diseases such as Stickler syndrome or Marfan syn-
drome; (7) follow-up duration < 2 years; and (8) no fundus
photographs obtained at the initial visit.

We reviewed the patient medical records and collected
data pertaining to medical history, family history, and
comprehensive ophthalmological examinations including
best-corrected visual acuity, cycloplegic refraction, and
fundus photography. Cycloplegia was induced by 3 cycles
of 1 drop of 1% cyclopentolate and 1 drop of 1% tropica-
mide, administered 5 min apart, following corneal anesthe-
sia with 0.5% proparacaine hydrochloride. Manual
retinoscopic refraction was performed 30 min after the last
cycle of cycloplegic eye drops.

We assessed the optic disc characteristics using standard
fundus photographs that were taken at the initial visit. We
measured the vertical and horizontal disc diameters and
maximum [(-zone peripapillary atrophy (f-PPA) width
using ImagelJ software (version 1.51; National Institutes of
Health, Rockville, MD, available at http://rsb.info.nih.gov/
ij/index.html) [23]. B-PPA was defined as an area of visible
sclera adjacent to the disc margin without the retinal pig-
ment epithelium [24]. Considering various photographic
factors that could influence the accuracy of quantitative
measurements, we used the ratio of horizontal to vertical
disc diameter (HVDR) and the ratio of maximum p-PPA
width to vertical disc diameter (PVDR) as measurement
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parameters of the optic disc [18]. In addition, we measured
the optic disc torsional angle between vertical disc axis and
vertical meridian to the reference line connecting fovea and
disc center [22, 25]. A positive torsional angle indicates
inferotemporal torsion, whereas a negative torsional angle
indicates superonasal torsion. All measurements were per-
formed twice independently by single examiner (YM), from
which the mean values were obtained. The intraclass coef-
ficient value of the parameters was 0.935.

The primary outcome was the 2-year myopia progression
rate, which was defined as the mean annual changes in the
SER during the first 2 years of follow-up. The secondary
outcome was the overall myopia progression rate, which
was calculated as the overall changes in SER between initial
and final visit divided by the whole follow-up duration in
years. The mean duration of follow-up was 51.09 +
25.96 months (range, 24—133 months).

Statistical analysis

Strong correlations between right and left eye SER were
observed at baseline, 2-year visit, and final visit (0.675,
0.725, and 0.783, respectively, P <0.001, Pearson correla-
tion test). Therefore, analyses were performed using data
form the right eye only. All statistical analyses were per-
formed using SPSS program version 21.0 (SPSS Inc.,
Chicago, IL). Continuous variables were expressed by
means * standard deviations, and categorical variables were
presented as frequencies. Mann—Whitney U-test and
Jonckheere—Terpstra test were used respectively to deter-
mine whether the rate of myopia progression would differ
based on gender or parental myopia status. Univariate linear
regression analysis was first applied to each continuous
independent variable and only those (P <0.2) were con-
sidered for inclusion in the full regression model. Then, a
multivariate regression analysis was performed to identify
the factors significantly associated with a continuous
dependent variable, the rate of myopia progression. Among
our independent variables, parental myopia was registered
as a categorical variable having 3 levels (0, 1, or 2 myopic
parents), and as such was converted into dummy variable.
Since our dependent variable is continuous and the inde-
pendent variables consisted of both continuous and cate-
gorical variables, we used a multiple linear regression
analysis with dummy coding for the regression analysis. All
statistical tests were performed considering 5% as the level
of statistical significance.

Results

Overall, 95 children with myopia were enrolled in the
present study. Mean age of these children at the initial visit
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was 7.67 £1.50 years, and 61.1% of them (n=55) were
female. Mean SER at baseline and mean follow-up period
were —2.91 £ 1.68 D (range, —5.75 to —0.50 D) and 51.09
+25.96 months, respectively. Table 1 summarizes the
baseline demographics and ophthalmologic examination
data of all patients.

There was no significant difference in the rate of myopia
progression depending on gender. However, depending on
the number of parents with myopia, the 2-year myopia
progression rate varied significantly in our analysis when
using Jonckheere—Terpstra test. Children with two myopic
parents showed a significantly faster myopia progression
than those with either zero or one myopic parent over a
2-year period. However, this difference was not significant
in the overall yearly rate of myopia progression in our
subjects (Table 2).

In the univariate linear regression analysis, the age, SER,
HVDR, and PVDR at baseline were significant factors
associated with the 2-year myopia progression rate. The
data illustrated that the children with younger age of myopia
onset, less myopic SER, larger HVDR, and smaller PVDR
at baseline showed a faster rate of myopia progression. By

Table 1 Baseline demographic and ophthalmologic examination data.

Mean =+ standard deviation

Age (years) 7.67+1.50
Sex (M:F) 40: 55
Parental myopia (0:1:2) 39:16:22
SER (D) —2.91+1.68
Astigmatism (D) 1.15£1.32
Anisometropia (D) 0.45+1.74
HVDR 091+0.12
PVDR 0.08+0.11
Optic disc torsion —0.77+9.85
Follow-up periods (months) 51.09 £25.96

M male, F female, SER spherical equivalent refractive error, D diopter,
HVDR ratio of horizontal to vertical diameter, PVDR ratio of
maximum f-zone peripapillary atrophy width to vertical diameter.

contrast, in the multivariate linear regression analysis,
only the age at onset and PVDR remained statistically
significant, where the younger age of onset and smaller
PVDR were significantly associated with the faster myopia
progression. Likewise, as for the overall myopia progres-
sion (annual rate of myopia progression over the entire
follow-up period), the age and PVDR at baseline were
significant factors in the multivariate regression analysis
(Table 3).

In our study, the baseline SER and PVDR were corre-
lated to each other, which was consistent with previous
research [18]. The Pearson correlation coefficient was
—0.581 (P<0.001). Eyes with higher levels of myopia
tended to have a larger B-PPA. Furthermore, several studies
have also reported that the baseline SER may act as a sig-
nificant risk factor for myopia progression [26, 27]. As
such, we conducted additional analysis to determine whe-
ther the PVDR has an independent effect on the rate of
myopia progression, regardless of the levels of
baseline SER.

To statistically control the effect of SER, we classified
the patients into two groups using linear regression model.
Based on the linear relationship between SER and PVDR,
which was computed as an equation of “PVDR = —0.012 —
0.033 x SER”, patients with a PVDR larger than “—0.012
—0.033 x SER” were classified as group L (large), while
those with a PVDR smaller than “—0.012 — 0.033 x SER”
as group S (small). Mean SER of group L and group S was
—2.86+1.87D and —2.95+1.55D, respectively (P =
0.799). Although the difference in SER was not statistically
significant, the rate of 2-year myopia progression was sig-
nificantly different between group L and S (—0.54 £ 0.46 D/
year and —0.79 £0.49 D/year, respectively, P =0.014).
Similarly, the overall myopia progression rate was also
significantly different between group L and S (—0.53 +
0.35 D/year and —0.72+0.53 D/year, respectively, P =
0.017). The group S, patients with a smaller PVDR at
baseline, experienced a faster myopia progression compared
with the group L, under circumstances where the baseline
SER variable was controlled (Fig. 1).

Table 2 Comparison of the

myopia progression rate 2-year myopia progression rate  P-value  Overall myopia progression P value
according to sex and parental Sex® 0.397 0.287
myopia.

Male (n =40) —0.69 +0.48 —0.62 +£0.37

Female (n=55) —0.69 +0.50 —0.66 +0.37

Parental myopia® 0.006 0.132

0 (n=39) —0.51+£042 —0.59+£0.38

1 (n=16) —0.68 £0.51 —0.68 £0.49

2 (n=22) —0.91+0.58 —0.70£0.35

Bold values indicate statistical significance p < 0.05.

“Mann—Whitney U-test; bJonckheerefTerpstra test.
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Table 3 Association between
multiple factors and myopia
progression using univariate and
multivariate linear regression
analysis.

Fig. 1 Longitudinal changes in
the optic disc of group L and S
children over 2 years. a Disc
photographs of a patient in
group S (left; baseline, right; 2-
year visit). He was 7.3-year-old
boy and his spherical equivalent
refractive error (SER) was
—1.25D at baseline. After 2
years, his SER changed to
—4.00 D and B-zone
peripapillary atrophy enlarged.
b Disc photographs of a patient
in group L (left; baseline, right;
2-year visit). He was 6.4-year-
old boy and his SER was —1.00
D at baseline. After 2 years, his
myopia remained unchanged
and his optic disc and B-PPA
also maintained stable.

Discussion

The present study showed that the age of myopia onset and
PVDR of the optic disc could be considered as significant
predictive factors for myopia progression in young school
children. Earlier onset age and smaller -PPA were asso-

2-year myopia progression

Overall myopia progression

Univariate

Multivariate

Univariate

Multivariate

Age
Parental myopia
1vsO
2vs0
SER
Astigmatism
Anisometropia
HVDR
PVDR

Optic disc torsion

0.295 (0.002)

—0.177 (0.043)
—0.022 (0.417)
—0.095 (0.181)
—0.247 (0.016)
0.305 (0.001)
0.129 (0.106)

0.363 (0.005)

—0.090 (0.459)
—0.147 (0.229)
—0.093 (0.531)

—0.130 (0.296)
—0.022 (0.876)
0.275 (0.029)
0.145 (0.241)

0.303 (0.001)

—0.245 (0.008)
~0.067 (0.261)
~0.029 (0.390)
—0.254 (0.007)
0.335 (<0.001)
0.075 (0.234)

0.410 (0.001)

—0.043 (0.710)
—0.028 (0.808)
—0.140 (0.315)

0.021 (0.884)
0.334 (0.006)

Bold values indicate statistical significance p < 0.05.

SER spherical equivalent refractive error, HVDR ratio of horizontal to vertical diameter, PVDR ratio of

maximum f-zone peripapillary atrophy width to vertical diameter.

ciated with faster rate of myopia progression.
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Several studies have already addressed the possible dif-
ference in the rate of myopia progression according to age.
Some previous research conducted on school children aged
6 years or older reported a faster myopia progression in
younger aged children [28, 29]. On the other hand, for
children aged 6 years or younger, the literature showed
inconsistent results regarding the effect of age on the rate of
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myopia progression [26, 30]. In the present study on chil-
dren aged 6-11 years, younger baseline age was associated
with faster rate of myopia progression. This inconsistency
across the various studies might be attributable to differ-
ences in methods of refractive error measurement, race/
ethnicity of study subjects, and inclusion criteria, i.e., as to
whether the study included only myopic children or both
hyperopic and myopic children. Our finding was in agree-
ment with several previous reports that children with
younger-onset myopia had a higher risk of rapid myopia
progression [28, 30, 31]. This suggests that the speed of
myopia progression may be the highest at the beginning or
at the early stage of myopia and decrease over later child-
hood. Therefore, it would be reasonable to say that detect-
ing myopia at an early stage is a crucial factor in the
prevention of myopia progression in young school children.
In the present study, we observed that -PPA, rather than
baseline SER, was a predictive factor of myopia progression
in a multivariate regression analysis and additional sub-
group analysis. A recent longitudinal study by Kim et al.
has nicely demonstrated the development and enlargement
of B-PPA around the optic disc with the progression of
myopia, where the inner surface of the scleral canal is
exposed as the temporal scleral ring is stretched [18]. In tree
shrews treated with a —5D lenses to induce myopia, the rate
of myopic axial elongation (the slow, time-dependent
extension) was found to display a bi-directional pattern
representing a sudden increase and gradual decrease [32].
Based on these results and ours, it is conceivable that the f3-
PPA may reflect to some degree the severity or stage of
myopia. As such, if the size of f-PPA is small, it seems
highly likely that the myopia of the eye is at a relatively
early stage in the course of progression, allowing for pos-
sible future progression of the myopia. All other factors
being equal, the eye with a smaller f-PPA is expected to
experience a faster future progression of myopia (Fig. 1).
In consistent with our results, a 2-year prospective cohort
study reported that a group of patients whose optic disc had
no obvious B-PPA at baseline showed a significantly faster
myopia progression, compared with the other groups of
patients who had an obvious P-PPA at baseline [19].
However, it should also be noted that a minor proportion of
the children with minimal or very small area of B-PPA at
baseline could have a mild or moderate rate of myopia
progression during follow-up. Although the average rate of
myopia progression was as high as —0.79 D/year in group S
(having small p-PPA compared with the eye’s SER), as
shown in this study, 14 patients (24.6%) in the group S
exhibited only a moderate rate of myopia progression less
than —0.50 D/year. In addition, in group L (having large f-
PPA compared with the eye’s SER), a small proportion of
patients (6 of 38 patients, 15.8%) underwent a fast rate of
myopia progression higher than —1.00D/year, despite

having the large B-PPA. Therefore, it is noteworthy that,
although the B-PPA may be considered as a potential
independent predictive factor for myopia progression, it
should not be considered as a sole factor determining the
rate of myopia progression. Further studies are needed to
elucidate the relationship between morphologic changes in
the myopic optic disc and the rate of myopia progression
and to identify the factors that slow down or stimulate the
myopia progression in childhood.

It would be worthwhile at this point to mention that the
term ‘B-PPA’ used in this study refers to the conventional
ophthalmoscopic beta-zone PPA. Recent spectral-domain
optical coherence tomography (OCT) imaging studies
newly classified beta-PPA into two subsets that are hardly
distinguishable by clinical examination: a zone with intact
Bruch’s membrane, termed beta-PPA, and a zone lacking
Bruch’s membrane, termed gamma-PPA [24, 33, 34]. The
gamma-PPA is now considered to be associated with
myopia, representing anatomical changes resulting from
axial globe elongation, whereas beta-PPA more associated
with glaucoma [34, 35]. As the globe elongation progressed
with a myopia progression, the temporal border tissue of the
optic disc is stretched and retracted nasally in relation to the
temporal opening of the Bruch’s membrane in OCT images.
This would result in a bared scleral region devoid of
Bruch’s membrane on the temporal border of the optic disc.
This bared zone in the temporal parapapillary region is
called the gamma-PPA. Since the present study did not have
the OCT images of the optic disc, we could not utilize this
new classification of PPA. Although our assessment of the
B-PPA was not based on OCT but on digital optic disc
image, it could be reasonably inferred that the small p-PPA
referred to in the present study implies either small new f3-
PPA or small Y-PPA, or both, because conventional 3-PPA
is composed of new -PPA and Y-PPA. As such, the small
B-PPA, in a conventional sense, only if Y-PPA is present
within the -PPA, could be said to be predictive of further
globe elongation with myopia progression, especially when
considering the notion that Y-PPA is related to the scleral
stretching occurring with myopia progression. Similarly, a
large B-PPA at baseline would be more likely associated
with the eyes that had already underwent myopic optic disc
changes and myopia progression.

One thing that also needs to be mentioned is that, unlike
with PVDR, the degree of SER at baseline was not a sig-
nificant covariate affecting myopia progression after mul-
tivariate analysis in our study. Although the initial degree of
myopia has been regarded as a risk factor for myopia pro-
gression, the exact relationship between initial SER and the
rate of myopia progression is still inconclusive [26, 27].
While a recent large study conducted in UK showed a
higher baseline SER to be associated with faster myopia
progression [36], the converse was true for the other large
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study conducted in China [26]. Furthermore, it is also
uncertain whether the degree of initial SER is associated
with the myopic changes in the optic disc, such as the
development and enlargement of [B-PPA. In a previous
study, initial SER was not found to be significantly asso-
ciated with PVDR, the width ratio of B-PPA. The significant
factor associated with the PVDR in that study was
the degree of change in SER during follow-up rather than
initial SER itself, which was highly consistent with our
findings [18]. The initial SER appears to be a covariate that
might be affected by other individual, environmental, and
genetic factors in regression analysis for myopia
progression.

The number of parents with myopia was found to be
significantly associated with the rate of myopia progression
in our univariate analysis, but the association did not remain
statistically insignificant after multivariate regression ana-
lysis. Previous studies have reported that a parental history
of myopia is a predictive factor for the development and
progression of myopia with variable relative risks [37—40].
However, it must be said that the methods of evaluating
parental myopia history is crucial in this type of analysis to
determine the effect on myopia progression. The present
study collected the parental history of myopia based on self-
report, not direct measures of the parents’ SER. The
methods of assessing parental myopia status were variable
across studies. Parental myopia is regarded as a marker for
not only genes but also a shared family exposure to myo-
pigenic environment. Myopic parents are more likely to
create family environments causing myopia progression,
such as intensive education or more time spent indoors. The
effect of parental myopia on the progression of myopia is
still inconclusive.

To the best of our knowledge, this is the first study to
evaluate the direct correlation between optic disc features
and the rate of myopia progression, which is considered to
be the main strength of this study. However, several lim-
itations should also be acknowledged regarding this study.
First, owing to the retrospective nature of the study, we
were unable to completely evaluate various factors, such as
outdoor activities, near work, and environmental factors that
can affect myopia progression. Second, as mentioned
above, the self-reporting method used for collecting parental
data might be a source of inaccuracy or uncertainty in
evaluating the relationship between parental myopia and
myopia progression in their children, because we could not
assess the actual severity of parental myopia. Hence, to
better identify factors associated with myopia progression, a
well-designed prospective study should be conducted
including a comprehensive ophthalmologic examination
and environmental survey on both children and their par-
ents. Third, the present study was conducted in a single
institution and included a relatively smaller number of
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subjects. Finally, last but not least, we were unable to
measure axial length elongation owing to the retrospective
design. Axial length would more clearly reflect the anato-
mical changes of the eye with the progression of myopia.
Therefore, further research including prospective serial
assessments of axial length and refractive error would be
worthwhile.

In conclusion, children with younger age of myopia
onset and smaller B-PPA showed a faster rate of myopia
progression. The B-PPA may serve as a predictive factor for
future myopia progression in young childhood.

Summary
What was known before

e Myopic disc is characterized by tilted optic disc, disc
torsion, and peripapillary atrophy, and these changes
deteriorate with myopia progression. Therefore, optic
disc changes can reflect the degree of myopia. However
optic disc changes have not been approved as a
prognostic factor for myopia progression.

What this study adds

e Younger children and children with smaller beta-zone
peripapillary atrophy (beta-PPA) showed a faster
myopia progression. Considering that myopia gradually
decelerates, this finding indicates that beta-PPA can be
considered as a surrogate marker for early stage myopia
and a predictive factor for rapid myopia progression.
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