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Abstract

Purpose: To compare myopia progression estimated by the Brien Holden Vision
Institute (BHVI) Myopia Calculator with cycloplegic measures in Hong Kong chil-
dren wearing single-vision distance spectacles over a 1- and 2-year period.
Methods: Baseline age, spherical equivalent refraction (SER) and ethnicity of
control participants from previous longitudinal myopia studies were input into
the BHVI Myopia Calculator to generate an estimate of the SER at 1 and 2 years.
Differences between the measured and estimated SER (116 and 100 participants
with 1- and 2-year subjective refraction data, respectively, and 111 and 95 partici-
pants with 1- and 2-year objective refraction, respectively) were analysed, and the
measured SER compared with the 95% confidence interval (Cl) of the estimated
SER.

Results: In children aged 7-13 years, 36% progressed within the 95% Cl of the
Myopia Calculator's estimate, whereas 33% became less myopic than predicted
(range 0.31 to 1.92 D less at 2 years) and 31% became more myopic than predicted
(range 0.25 to 2.33 D more myopic at 2 years). The average difference between the
estimated and measured subjective or objective SER at 1 and 2 years of follow-up
was not clinically significant (<0.25 D).

Conclusions: On average, the BHVI Myopia Calculator estimated SER was in close
agreement with measured cycloplegic SER after 1 and 2 years of follow-up (mean
differences < 0.25 D). However, the measured myopia progression only fell within
the 95% Cl of the estimated SER for 32%-38% of children, suggesting that the BHVI
‘without management’ progression data should be interpreted with caution. The
inclusion of additional data, modified to include axial elongation, from longitudi-
nal studies of longer duration with larger sample sizes and a range of racial back-
grounds may improve the Calculator's ability to predict future myopia progression
for individual children.
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INTRODUCTION

Myopia is currently a global concern because of its rapidly
increasing prevalence, especially in Asia.' ™ It is projected
that 50% of the world population will be myopic by 2050
(—0.50 D or worse), including 10% with high myopia (worse
than —5.00 D). Increasing myopia and axial length is as-
sociated with a higher risk of ocular disease®'® and visual
impairment.s'”'12 In recent years, numerous interventions
such as orthokeratology,B’21 atropine,zz’25 multifocal soft
contact lenses,’®' various spectacle designs®***' and
combination treatments**** have demonstrated an ability
to slow the progression of myopia in children to varying
extents, compared to control groups of children wearing
single-vision spectacles or contact lenses.

Given the range of environmental and genetic factors
linked with refractive error development,44 it is difficult to
confidently predict future myopia development, myopia
progression and axial elongation for an individual child.
However, understanding the likely extent of myopia pro-
gression without an intervention can assist practitioners
and parents to determine if a myopia control treatment is
appropriate, and may be used as a tool to educate children
and adult caregivers to communicate the importance of
myopia control. Cross-sectional studies can provide some
insight into temporal variations in refractive error and axial
length across large cohorts***; however, because each age
group examined includes a different sample of children,
these datasets are potentially not as useful for estimating
future refractive error change for an individual child as lon-
gitudinal data sets following the same cohort of children.
Since detailed longitudinal datasets of paediatric myopia
progression with large sample sizes are limited, Donovan
et al.*’ conducted a weighted meta-analysis of 20 longitu-
dinal data sets that included automated cycloplegic refrac-
tion in children from urban regions. Six of the studies in the
meta-analysis included children of predominantly European
descent (i.e., studies conducted in the USA) and the other
14 studies included children of predominantly Asian descent
(i.e., studies conducted in Hong Kong, Singapore, China,
Japan and Thailand). This meta-analysis revealed higher
rates of myopia progression in younger children, females,
and Asian compared to European children.

The Brien Holden Vision Institute (BHVI) Myopia
Calculator (bhvi.org/myopia-calculator-resources/) is a
web-based resource that allows the user to estimate po-
tential myopia progression without a myopia control inter-
vention (based on annual progression data obtained from
children aged 6 to 16 years, described in Donovan et al®y
and with various myopia control interventions (based on
published peer-reviewed journal articles and conference
presentations). The user can modify some input parame-
ters for each individual child including ethnicity (Caucasian
or Asian), age (6-16 years old in 1-year increments) and
current refractive error (=5.00 to —0.50 D in 0.50 D incre-
ments). It then provides an estimated spherical equivalent
refraction (SER) up to 17 years of age, and plots the mean

Key points

« The extent of myopia progression over 1-2 years
corrected with single-vision spectacles was ac-
curately predicted by the Brien Holden Vision
Institute Myopia Calculator in 32%-38% of
7-13-year-old Hong Kong children.

+ Including the use of biometric data from lon-
gitudinal studies may improve estimates of fu-
ture myopia progression or axial eye growth in
children.

« Practitioners should be aware that modelling of
myopia progression data might not provide an
accurate estimate of future myopia progression
for each individual child.

estimated SER with the 95% confidence interval (Cl). From
these data, the estimated myopia progression can be de-
termined. The graphical representation of myopia pro-
gression with and without an intervention can be a useful
educational tool for eye care practitioners when discussing
myopia management with patients and adult caregivers.
The purpose of this study was to compare the measured
amount of myopia progression in Hong Kong children
wearing single-vision distance spectacles?***° over a fol-
low-up period of 1- and 2-years with the amount of myopia
progression estimated by the BHVI Myopia Calculator for
individual children without a myopia control intervention,
based on their age, ethnicity and baseline refractive error.

METHODS

In this retrospective study, refractive data of the con-
trol participants wearing single-vision distance specta-
cles in four orthokeratology clinical trials were retrieved
(Retardation of Myopia in Orthokeratology (ROMIO) Study:
A 2-Year Randomized Clinical Trial,"”* Myopia Control Using
Toric Orthokeratology (TO-SEE Study),20 Relative peripheral
refraction in children: a changes in eyes with different am-
etropias (PR study)48 and Orthokeratology with increased
compression factor (OKIC): study design and preliminary
results).* In these investigations, participants in the con-
trol groups were prescribed single-vision distance spec-
tacles, and the prescription was updated if the monocular
visual acuity (VA) was worse than 0.18 logMAR or refractive
error (either myopia, astigmatism or SER) had progressed
by more than 0.50 D at any visit. All children were Chinese
between 7 to 13 years old at the beginning of the study,
with refractive sphere between —5.00 D and —-0.50 D and
refractive cylinder not more than 1.50 D. Exclusion criteria
included strabismus, amblyopia, any other ocular patholo-
gies, abnormal functional conditions and any long-term
systemic conditions.
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Cycloplegic subjective and objective SER obtained at
the baseline, 1- and 2-year visits (if available) were retrieved.
Cycloplegia was achieved by applying either one drop of
0.5% "% or 0.4% proparacaine hydrochloride®® followed by
one drop of 1% tropicamide and one drop of 1% cyclopen-
tolate 5 min apart, or two drops of 1% cyclopentolate (with-
out application of an anaesthetic) 5 min apart.*® Cycloplegic
refraction was performed at least 30 min after instillation
when the amplitude of accommodation was <2.00 D with
no pupillary response. The minimum available data for in-
clusion in this analysis was either subjective or objective re-
fraction from the baseline and 1-year follow up visits.

Subjective refraction was performed using a trial
frame and trial lenses with maximum plus for maximum
visual acuity technique. Objective refraction was per-
formed by masked examiners using the Shin-Nippon
SRW-5001 open-field auto-refractor (shin-nippon.jp).
The average of the first three or five sets of readings with
differences in spherical and cylindrical power < 0.25 D
were used for analysis.

Estimated change in spherical equivalent
refraction by the Brien Holden Vision
Institute Myopia Calculator

The baseline SER, age and ethnicity (Asian) of each participant
were input into the BHVI Myopia Calculator. Since the BHVI
Calculator uses an age increment of 1 year and a SER incre-
ment of 0.50 D, the baseline age and SER entered required
rounding. For the baseline age, children between 6.5 to
749 years of age were entered as 7 years old and children be-
tween 7.5 to 8.49 years were entered as 8 years of age (and so
on). The same approach was used for the baseline SER; a SER
between —0.74 D to —0.25 D was entered as —0.50 D, a SER
between —1.24 to —0.75 D was entered as —1.00 D and so on.

The BHVI Calculator provides an estimate of the mean
SER, and a 95% confidence interval (Cl) around this esti-
mate, presented graphically. In order to extract the 95% Cl
of the estimated SER for each participant, WebPlotDigitizer
(automeris.io/WebPlotDigitizer/) was used. The measured
progression of each participant was categorised with refer-
ence to the 95% Cl of the BHVI Calculator's estimated pro-
gression as: (1) in agreement (within the estimated 95% Cl);
(2) underestimation of the SER (actual progression greater
than estimated by the Calculator and outside the estimated
95% Cl) or (3) overestimation of the SER (actual progression
less than estimated by the Calculator and outside the es-
timated 95% Cl). The estimated SER data were extracted
from the BHVI Myopia Calculator in December 2020.

Statistical analysis
The eye selected in this study was the right eye from all four

studies.'>?%849 Statistical analysis was performed using
IBM SPSS Predictive Analytics Software version 26 (ibm.
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com). The Shapiro-Wilk tests and the Kolmogorov-Smirnov
tests were used to determine the normality of each param-
eter where the sample size was either smaller or larger than
50 in each group/category, respectively. Normally distrib-
uted data were described using the mean and standard de-
viation, and non-normally distributed data were described
using the median and range.

Bland-Altman analysis was used to evaluate the agree-
ment between the estimated and measured SER using both
subjective and objective measurements.’®' Pearson's cor-
relation coefficient was used to quantify the relationship
between the average of the measured and estimated SER,
and the difference between the means over 2 years. Paired
t-tests and related-sample Wilcoxon signed rank tests were
used to compare subjective and objective refraction at
baseline, and 1- and 2-year follow-up visits. Probability (p)
values < 0.05 were considered statistically significant.

RESULTS
Baseline characteristics

The demographic and refractive characteristics of the
participants at baseline are summarised in Table 1. A total
of 116 participants had 1-year subjective refraction data,
comprising 53 males and 63 females, with a median [range]
subjective baseline SER of —2.25 [-4.50, —0.25] D (Table 1),
while 100 participants (49 males, 51 females) had 2-year
subjective refraction data available, with a median [range]
baseline SER of —2.25 [-4.50, —0.25] D. The measured me-
dian [range] subjective SER at the 1- and 2-year follow- up
visits was —3.00 [-5.50, —0.63] and —3.63 [-6.25, —0.50] D,
respectively.

A total of 111 participants had 1-year objective refrac-
tion data, consisting of 48 males and 63 females, whereas
2-year data were available from 44 males and 51 females.
Since the objective SER was slightly more myopic than the
subjective SER at baseline (mean —0.11 £ 0.27 D, p < 0.001),
and at the 1- and 2-year follow-up (mean —0.10 + 0.31 D and
—0.17 £ 0.31, p = 0.001 and <0.001, respectively), both the
measured subjective and objective refraction data were
compared with the estimated SER from the BHVI Calculator.

Comparison between the estimated and
measured objective refraction

The distribution of the estimated objective SER at 1 and
2 years of follow-up, respectively, were: (1) 32.4% and 36.8%
within the estimated 95% Cl; (2) 36% and 27.4% greater than
the upper bound of the estimated 95% Cl (Calculator under-
estimates progression); (3) 31.5% and 35.8% less than the
lower bound of the estimated 95% Cl (Calculator overesti-
mates progression) (Table 2). This indicates that the measured
objective refraction at 1 and 2 years of follow-up was within
the 95% Cl of the estimated SER for approximately 34% of
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TABLE 1
OKIC,* PR*® and TO-SEE?")

All ROMIO™

Participants with subjective refraction data

Demographics and baseline data (median [range]) of participants wearing single-vision distance spectacles from four studies (ROMIO,

oKic* PR*® TO-SEE*®

Age (years)
Subjective SER (D)

Rounded subjective
SER (D)

One-year sample size
Actual SER (D)
Estimated SER (D)
Two-year sample size
Actual SER (D)
Estimated SER (D)

917,13]
—2.25[-4.50, -0.25]
—2.50 [-4.50, -0.50]

116
—3.00 [-5.50, —0.63]
—-3.07 [-5.42, -1.27]
100
—-3.63 [-6.25, -0.50]
—3.71[-6.17,-1.95]

Participants with objective refraction data

Age (years)
Objective SER (D)

Rounded objective
SER (D)

One-year sample size
Actual SER (D)
Estimated SER (D)
Two-year sample size
Actual SER (D)
Estimated SER (D)

91[7,13]
—2.33[-5.23,-0.26]
—2.50 [-5.00, —0.50]

m
—3.12[-5.81,-0.87]
—3.15[-5.49, -1.10]

95
-3.75[-6.77,-1.01]
-3.83[-6.17,-1.62]

9[7,1]
—2.38[-4.13,-0.75]
—2.50 [-4.00, -1.00]

41

-3.38[-4.75, -0.88]

-3.25[-4.81,-1.59]
41

-3.75[-5.13, -1.00]

-3.88[-5.50, ~2.11]

9[7,11]
—2.75 [-4.62, —-0.69]
—3.00 [-4.50, —0.50]

36
—3.47 [-4.88, -0.88]
—3.56 [-5.19, -1.10]
36
—3.90 [-5.44, -1.06]
—4.08 [-5.76, —1.62]

108, 11]
—2.25[-3.75,-1.00]
—2.50 [-4.00, -1.00]

23
-3.00 [-4.50, -1.13]*
—-3.35[-4.61, -1.68]*
1
—3.75[-5.25,-1.88]
—4.04 [-4.66, —2.44]

108, 11]
—2.56 [-3.38, -1.00]
—2.50 [-3.50, -1.00]

23
—3.06 [-4.50, -1.13]
—3.35[-4.33,-1.68]
1
—3.75[-5.25,-1.62]
—4.04 [-5.02, -2.26]

8[7,10]
—-1.38 [-4.25,-0.25]
-1.50 [-4.50, —0.50]

29
—-2.50 [-5.50, -0.63]
—2.50[-5.30, -1.27]
25
—2.75[-4.88,-0.50]
—2.92 [-4.30, -1.95]

8[7,10]
—1.65 [-4.58, —0.26]
-1.50 [-4.50, —0.50]

29
—2.61 [-5.60, -0.87]
—2.50[-5.30, -1.27]
25
—2.92 [-5.46,-1.01]
—3.23 [-4.30,-1.95]

91(7,13]
—3.00 [-4.50, -0.63]
-3.00 [-4.50, -0.50]

23
—3.38[-5.26, -1.13]
—3.74[-5.42,-1.27]

23
—4.00 [-6.25, -1.50]
—4.36 [-6.17,-1.95]

91(7,13]
—2.77 [-5.23,-0.72]
—3.00 [-5.00, —0.50]

23
—3.43[-5.81,-1.31]
—3.64 [-5.49, -1.38]

23
—4.43[-6.77,-1.14]
-4.18 [-6.17, -1.95]

Abbreviations: D, dioptre; SER, spherical equivalent refraction.

*Statistically significant between 1-year actual and estimated SER in OKIC project (p = 0.01).

TABLE 2
refraction (SER)

Differences (estimated minus measured, (D))

Summary of differences between Brien Holden Vision Institute (BHVI) Myopia Calculator estimates and measured spherical equivalent

Distribution of observations relative to BHVI estimated
95% Cl (% of sample)

Lower, upper bound

SER Visit Mean +SD of 95% LoA p-value Within Underestimation Overestimation

Subjective 1-year -0.03+046 —0.93,0.86 0.44 37.1% (43/116) 31.9% (37/116) 31.0% (36/116)
2-year -012+0.70 -1.48,1.24 0.09 38.0% (38/100) 28.0% (28/100) 34.0% (34/100)

Objective 1-year -0.02+045 -0.91,0.87 0.69 32.4% (36/111) 36.0% (40/111) 31.5% (35/111)
2-year —0.05+£0.75 -1.51,1.42 0.53 36.8% (35/95) 27.4% (26/95) 35.8% (34/95)

Abbreviations: D, dioptre; LoA, limits of agreement; p-value, probability value for difference between BHVI estimates and measured SER, one-sample t test.

participants, and the Calculator overestimated and under-
estimated progression in approximately 34% (range 0.20 to
1.39 D overestimate at 1 year and 0.36 to 1.86 D at 2 years)
and 32% (range 0.18 to 1.08 D underestimate at 1 year and
0.30to 2.33 D at 2 years) of participants, respectively.

Table 2 displays the mean difference + SD between the
estimated and measured objective refraction at 1 year
(—0.02 £ 0.45 D, n = 111, p = 0.69) and 2 years of follow-up
(=0.05 £ 0.75 D, n = 95, p = 0.53). These mean differences
are small and would not be considered clinically signifi-
cant, or likely to affect patient management. However, the

Bland-Altman plots (Figure 1) highlight the number of par-
ticipants for whom the actual measured SER was outside
the 95% ClI of estimated SER at both 1 year (67.6% outside
the estimated Cl) and 2 years (63.2% outside the estimated
Cl). There were no significant correlations between the dif-
ferences of the estimated and measured objective SER and
their means at 1 year (Pearson's r=—0.09, p = 0.37), whereas
this relationship was statistically significant for the 2-year
data (Pearson's r = —0.32, p = 0.002). That is, for a less my-
opic SER, the Calculator tended to overestimate the mea-
sured SER.
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FIGURE 1

Average of estimated and measured SER (D)

Bland-Altman plots of the mean differences (Brien Holden Vision Institute (BHVI) estimates minus measured SER) versus their means,

and the lower, upper bound of 95% Cl at (a) 1 and (b) 2 years by objective refraction, and (c) 1 and (d) 2 years by subjective refraction. The solid line
represents the mean difference and the dashed lines represent the upper and lower limits of agreement. Each error bar represents the 95% Cl for the
mean difference and limits of agreement. The data points in different colours denote when the measured SER was within the 95% Cl of the estimated
SER (white), was greater than the upper bound of the 95% Cl of the estimated SER (Calculator prediction underestimates progression) (black), and was
less than the lower bound of the 95% Cl of the estimated SER (Calculator prediction overestimates progression) (red). (Cl, confidence interval; SER,

spherical equivalent refraction)

Comparison between estimated and
measured subjective refraction

The distribution of the estimated subjective SER at 1 and
2 years of follow-up, respectively, were: (1) 37.1% and 38.0%
within the estimated 95% Cl; (2) 31.9% and 28.0% greater
than the upper bound of the estimated 95% ClI (Calculator
underestimates progression); (3) 31.0% and 34.0% less than
the lower bound of the estimated 95% Cl (Calculator overes-
timates progression) (Table 2). This indicates that the meas-
ured subjective refraction at 1 to 2 years of follow-up was
within the estimated SER 95% Cl for approximately 38% of
participants, and the Calculator overestimated and under-
estimated progression in approximately 32% (range 0.24 to
1.26 D underestimate at 1 year and 0.31 to 1.92 D at 2 years)
and 30% (range 0.14 to 0.90 D overestimate at 1 year and
0.25 to 1.40 D at 2 years) of participants, respectively.

On average, there was no significant difference be-
tween the estimated and measured subjective SER at 1
(—0.03 £ 0.46 D, n = 116, p = 0.44) or 2 years of follow-up

(=0.12 £ 0.69 D, n = 100, p = 0.09). While the group average
for the differences between the estimated and measured
SER was small and would not be considered clinically sig-
nificant, the 95% Cl were +0.90 D for 1 year and £1.36 D
for 2 years. There was a significant association between the
differences of the estimated and measured subjective SER
and their means at 2 years (Pearson's r = —0.27, p = 0.006),
indicating that for a less myopic SER, the Calculator tended
to overestimate the measured myopia progression.

DISCUSSION

This is the first study to examine the agreement between
the estimated future SER (i.e., estimated myopia progres-
sion) obtained from the BHVI Myopia Calculator with the
measured cycloplegic objective and subjective refraction
in Hong Kong children wearing single-vision distance
spectacles over a follow-up period of 1 and 2 years. The
main finding from this analysis was that, when averaged
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across the entire sample of children, only small differ-
ences were observed between the estimated and meas-
ured refraction (mean differences < 0.25 D). However,
comparison of the measured refraction to the 95% Cl of
the estimated SER for each individual child (consistent
with how the BHVI Myopia Calculator is utilised in clini-
cal practice) revealed that the measured refraction fell
within the 95% Cl of the estimated SER for only around
36% of individuals. For the cohort of children examined
in the current study, the BHVI Myopia Calculator under-
estimated the extent of myopia progression in about 31%
of children and overestimated the extent of myopia pro-
gression in about 33% of children (i.e., the measured re-
fraction was outside the 95% Cl of the estimated SER for
about 64% of children), averaged across the 1- and 2-year
objective and subjective data (overestimate 0.31 to 1.92 D,
underestimate 0.25 to 2.33 D at 2 years).

The measured refractive data used in the current anal-
ysis consisted of subjective and objective measurements
obtained under cycloplegia, which provided similar out-
comes when compared to the BHVI Myopia Calculator
at the 1- and 2-year follow-up visits (Table 2). Based on
the information provided on the BHVI Myopia Calculator
website, the ‘progression curve with standard correction
was generated based on annual progression data ob-
tained from children from urban Asia aged 6 to 16 years
(Brien Holden Vision Institute database),’ it is not clear
whether the single-vision distance progression data
is based on objective/subjective or cycloplegic/non-
cycloplegic measures of refraction. However, given the
strong correlation between the 1 year predicted progres-
sion data obtained from the BHVI Myopia Calculator for
the participants in the current analysis and the predicted
annual progression for the same participants calculated
using the estimated annual progression equation for
Asian children in Figure 1 of Donovan et al? (r = 0.99,
mean absolute difference 0.05 D), it appears that the
single-vision distance progression data is based on ob-
jective measures of refraction obtained under cyclople-
gia. Practitioners should be aware that the calculator is
based on cycloplegic objective refraction measures and
estimates of myopia progression beyond 3 years may
be derived from extrapolations of data included in the
meta-analysis of Donovan et al.*’ (range of study dura-
tions included 10 months to 3 years).

Another limitation of the BHVI Myopia Calculator is the
lack of consideration of biometric data. Since an overar-
ching goal of myopia control interventions is to minimise
potential vision impairment later in life due to ocular pa-
thologies associated with excessive axial elongation (e.g.,
retinal detachment®® and myopic maculopathyu), it has
been suggested that axial length should be monitored in
addition to refractive progression throughout childhood,?
particularly since vision impairment is more strongly cor-
related with axial length than refractive error.>* The inclu-
sion of ocular biometrics, such as axial length and corneal
curvature within a predictive model (in addition to age, sex

and race), may help to improve future estimates of myopia
progression or the likelihood of potential vision impair-
ment later in life.

In terms of the duration of follow-up, the 95% limits
of agreement between the estimated and measured re-
fraction increased by approximately 58% between 1 and
2 years from +0.89 D to £1.46 D, and +0.90 D to +£1.36 D for
the objective and subjective refraction data, respectively.
This may be due in part to the slightly smaller sample size
for the 2-year measured data. However, the proportion of
individual cases where the measured refraction was within
the 95% Cl of the BHVI estimated SER was relatively stable
between the 1- and 2-year visits (only about 4% variation).
This was most likely because the 95% Cl of the BHVI esti-
mated SER increases with increasing duration of follow-up.

Saunders et al.>> compared the BHVI Myopia Calculator
SER estimates with cycloplegic objective refraction data
obtained from Caucasian children followed for either 3 or
6 years in a population-based sample from the UK (The
Northern Ireland Childhood Errors of Refraction (NICER)
study®). Similar to the current study, the BHVI Myopia
Calculator overestimated myopia progression in about 38%
of Caucasian children aged 12-13 years (n = 61) and about
58% of children aged 9-10 years (n = 19). In the UK pop-
ulation examined, the BHVI Myopia Calculator was more
likely to overestimate the magnitude of progression for
children with lower baseline SER, consistent with the trend
observed for the Hong Kong children in the current study
(Figure 1). The current study, and the previous analysis by
Saunders et al,,*® highlight that the BHVI Myopia Calculator
may not provide reliable estimates of myopia progression
for children from all races.

The main limitations of the current study were the rel-
atively short follow-up period of 1 to 2 years, and the re-
stricted age range and level of myopia at baseline since the
children were participants in control groups of orthoker-
atology studies. Future studies that include refractive pro-
gression data from children aged 6-16 years with baseline
refractive errors ranging from —5.00 to —0.50 D (the range
of input parameters in the BHVI Myopia Calculator) followed
for several years may provide a greater understanding of the
accuracy of estimated myopia progression provided by the
BHVI Myopia Calculator. However, given the mounting evi-
dence supporting early intervention for progressive myopia
in children to prevent ocular complications later in life, it
may not be ethically justifiable to conduct long-term pro-
spective studies of myopic children wearing single-vision
distance spectacles, particularly in Asian countries.

In conclusion, on average, the estimated SER data
obtained from the BHVI Myopia Calculator using the
baseline refraction, sex and ethnicity of Hong Kong
children wearing single-vision distance spectacles
was in close agreement with the measured cyclople-
gic subjective and objective refraction data over 1
and 2 years of follow-up (mean differences < 0.25 D).
However, the extent of myopia progression measured
under cycloplegia only fell within the 95% Cl of the
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estimated SER for 32%-38% of individual children de-
pending on the method of refraction and duration of
follow up. Although the BHVI Myopia Calculator can
be a useful educational tool when discussing myopia
management with children and adult caregivers, prac-
titioners should be aware that the progression data for
a standard single-vision correction (the ‘without man-
agement’ option) used in the BHVI Myopia Calculator
may not provide an accurate estimate of the extent of
myopia progression for all children and should be used
with caution. The inclusion of additional data, poten-
tially including axial length, from longitudinal studies
of longer duration with larger sample sizes and a range
of racial backgrounds may improve the Calculator's
ability to predict future myopia progression for chil-
dren accurately on an individual basis.

ACKNOWLEDGEMENT

YJY is supported by a collaborative agreement between
The Hong Kong Polytechnic University (PolyU) and Euclid
Systems Corporation (H-ZG5W).

CONFLICT OF INTEREST
All authors have no proprietary interest in any of the prod-
ucts mentioned.

AUTHOR CONTRIBUTIONS

Yajing Yang: Conceptualization (supporting); Data
curation (lead); Formal analysis (lead); Investigation
(lead); Methodology (supporting); Visualization (lead);
Writing-original draft (lead); Writing-review & edit-
ing (equal). Sin Wan Cheung: Conceptualization (sup-
porting); Data curation (supporting); Formal analysis
(supporting); Investigation (supporting); Methodology
(supporting); Visualization (supporting); Writing-review
& editing (equal). Pauline Cho: Conceptualization (lead);
Data curation (supporting); Formal analysis (support-
ing); Funding acquisition (lead); Investigation (support-
ing); Methodology (lead); Project administration (lead);
Supervision (supporting); Visualization (supporting);
Writing-review & editing (equal). Stephen J Vincent:
Conceptualization (lead); Data curation (support-
ing); Formal analysis (lead); Investigation (supporting);
Methodology (lead); Supervision (lead); Visualization
(lead); Writing-review & editing (equal).

ORCID

Yajing Yang ‘© https://orcid.org/0000-0003-1435-5884
Sin Wan Cheung ® https://orcid.org/0000-0002-2875-3210
Pauline Cho ® https://orcid.org/0000-0002-7866-7513
Stephen J Vincent (© https://orcid.
org/0000-0002-5998-1320

REFERENCES
1. Williams KM, Verhoeven VJM, Cumberland P, et al. Prevalence of re-
fractive error in Europe: the European eye epidemiology (E 3) con-
sortium. Eur J Epidemiol 2015;30:305-315.

10.

1.

14.

16.

20.

21.

22.

23.

24,

/% OPTOMETRISTS

Vitale S, Sperduto RD, Ferris FL. Increased prevalence of myopia
in the United States between 1971-1972 and 1999-2004. Arch
Ophthalmol 2009;127:1632-1639.

Pan CW, Ramamurthy D, Saw SM. Worldwide prevalence and risk
factors for myopia. Ophthalmic Physiol Opt 2012;32:3-16.

Morgan |, Rose K. How genetic is school myopia? Prog Retin Eye Res
2005;24:1-38.

Holden BA, Fricke TR, Wilson DA, et al. Global prevalence of myo-
pia and high myopia and temporal trends from 2000 through 2050.
Ophthalmology 2016;123:1036-1042.

Celorio J, Pruett RC. Prevalence of lattice degeneration and
its relation to axial length in severe myopia. Am J Ophthalmol
1991;111:20-23.

Verhoeven VJ, Wong KT, Buitendijk GH, et al. Visual consequences
of refractive errors in the general population. Ophthalmology
2015;122:101-109.

Vongphanit J, Mitchell P, Wang JJ. Prevalence and progression
of myopic retinopathy in an older population. Ophthalmology
2002;109:704-711.

Liu HH, Xu L, Wang YX, et al. Prevalence and progression of myopic
retinopathy in Chinese adults: the Beijing Eye Study. Ophthalmology
2010;117:1763-1768.

Gao LQ, LiuW, Liang YB, et al. Prevalence and characteristics of myo-
pic retinopathy in a rural Chinese adult population: the Handan Eye
Study. Arch Ophthalmol 2011;129:1199-1204.

Curtin BJ, Karlin DB. Axial length measurements and fundus
changes of the myopic eye. Am J Ophthalmol 1971;71:42-53.

Saw SM, Gazzard G, Shih-Yen EC, Chua WH. Myopia and as-
sociated pathological complications. Ophthalmic Physiol Opt
2005;25:381-391.

Cho P, Cheung S-W. Retardation of myopia in Orthokeratology
(ROMIO) study: a 2-year randomized clinical trial. Invest Ophthalmol
Vis Sci 2012;53:7077-7085.

Santodomingo-Rubido J, Villa-Collar C, Gilmartin B, Gutiérrez-
Ortega R. Myopia control with orthokeratology contact lenses in
Spain: refractive and biometric changes. Invest Ophthalmol Vis Sci
2012;53:5060-5065.

Cho P, Cheung SW, Edwards M. The longitudinal orthokeratology
research in children (LORIC) in Hong Kong: a pilot study on refrac-
tive changes and myopic control. Curr Eye Res 2005;30:71-80.
Hiraoka T, Kakita T, Okamoto F, Takahashi H, Oshika T. Long-term
effect of overnight orthokeratology on axial length elongation in
childhood myopia: a 5-year follow-up study. Invest Ophthalmol Vis
Sci 2012;53:3913-3919.

Walline JJ, Jones LA, Sinnott LT. Corneal reshaping and myopia pro-
gression. BrJ Ophthalmol 2009;93:1181-1185.

Charm J, Cho P. High myopia—partial reduction ortho-k: a 2-year
randomized study. Optom Vis Sci 2013;90:530-539.

Kakita T, Hiraoka T, Oshika T. Influence of overnight orthokeratol-
ogy on axial elongation in childhood myopia. Invest Ophthalmol Vis
Sci 2011;52:2170-2174.

Chen C, Cheung SW, Cho P. Myopia control using toric orthokeratol-
ogy (TO-SEE study). Invest Ophthalmol Vis Sci 2013;54:6510-6517.
Pauné J, Morales H, Armengol J, et al. Myopia control with a
novel peripheral gradient soft lens and orthokeratology: a 2-
year clinical trial. Biomed Res Int 2015;2015:1-10. https://doi.
org/10.1155/2015/507572

Chia A, Chua W-H, Cheung Y-B, et al. Atropine for the treatment
of childhood myopia: safety and efficacy of 0.5%, 0.1%, and 0.01%
doses (Atropine for the Treatment of Myopia 2). Ophthalmology
2012;119:347-354.

Chua W-H, Balakrishnan V, Chan Y-H, et al. Atropine for the treat-
ment of childhood myopia. Ophthalmology 2006;113:2285-2291.
Yam JC, Jiang Y, Tang SM, et al. Low-concentration atropine for
myopia progression (LAMP) study: a randomized, double-
blinded, placebo-controlled trial of 0.05%, 0.025%, and
0.01% atropine eye drops in myopia control. Ophthalmology
2019;126:113-124.


https://orcid.org/0000-0003-1435-5884
https://orcid.org/0000-0003-1435-5884
https://orcid.org/0000-0002-2875-3210
https://orcid.org/0000-0002-2875-3210
https://orcid.org/0000-0002-7866-7513
https://orcid.org/0000-0002-7866-7513
https://orcid.org/0000-0002-5998-1320
https://orcid.org/0000-0002-5998-1320
https://orcid.org/0000-0002-5998-1320
https://doi.org/10.1155/2015/507572
https://doi.org/10.1155/2015/507572

= QPO

25.

26.

27.
28.

29.

30.
31

32.
33.

34.
35.
36.
37.

38.
39.

40.

41,

§ THE COLLEGE OF
OPTOMETRISTS

ESTIMATED MYOPIA PROGRESSION IN CHILDREN

@

Yam JC, Li FF, Zhang X, et al. Two-year clinical trial of the low-
concentration atropine for myopia progression (LAMP) study:
phase 2 report. Ophthalmology 2020;127:910-919.

Holden BA, Sankaridurg PR, De La Jara PL, et al. Decreasing pe-
ripheral hyperopia with distance-centre relatively-plus powered
periphery contact lenses reduced the rate of progress of myopia:
a 5 year Vision CRC Study. Invest Ophthalmol Vis Sci 2012;53:ARVO
E-Abstract 6300.

Walline JJ, Greiner KL, McVey ME, Jones-Jordan LA. Multifocal con-
tact lens myopia control. Optom Vis Sci 2013;90:1207-1214.

Aller TA, Liu M, Wildsoet CF. Myopia control with bifocal contact
lenses: a randomized clinical trial. Optom Vis Sci 2016;93:344-352.
Cheng X, Xu J, Chehab K, Exford J, Brennan N. Soft contact lenses
with positive spherical aberration for myopia control. Optom Vis Sci
2016;93:353-366.

Sankaridurg P, Holden B, Smith E, et al. Decrease in rate of my-
opia progression with a contact lens designed to reduce relative
peripheral hyperopia: one-year results. Invest Ophthalmol Vis Sci
2011;52:9362-9367.

Lam CSY, Tang WC, Tse DY-Y, Tang YY, To CH. Defocus Incorporated
Soft Contact (DISC) lens slows myopia progression in Hong Kong
Chinese schoolchildren: a 2-year randomised clinical trial. Br J
Ophthalmol 2014;98:40-45.

Hasebe S, Jun J, Varnas SR. Myopia control with positively aspher-
ized progressive addition lenses: a 2-year, multicenter, randomized,
controlled trial. Invest Ophthalmol Vis Sci 2014;55:7177-7188.
Sankaridurg P, Donovan L, Varnas S, et al. Spectacle lenses designed
to reduce progression of myopia: 12-month results. Optom Vis Sci
2010;87:631-641.

Berntsen DA, Barr CD, Mutti DO, Zadnik K. Peripheral defocus and
myopia progression in myopic children randomly assigned to wear
single vision and progressive addition lenses. Invest Ophthalmol Vis
Sci 2013;54:5761-5770.

Edwards MH, Li RW-H, Lam CS-Y, Lew JK-F, Yu BS-Y. The Hong Kong
progressive lens myopia control study: study design and main find-
ings. Invest Ophthalmol Vis Sci 2002;43:2852-2858.

Correction of Myopia Evaluation Trial 2 Study Group for the
Pediatric Eye Disease Investigator Group. Progressive-addition
lenses versus single-vision lenses for slowing progression of myo-
pia in children with high accommodative lag and near esophoria.
Invest Ophthalmol Vis Sci 2011;52:2749-2757.

Gwiazda J, Hyman L, Hussein M, et al. A randomized clinical trial
of progressive addition lenses versus single vision lenses on
the progression of myopia in children. Invest Ophthalmol Vis Sci
2003;44:1492-1500.

Leung J, Brown B. Progression of myopia in Hong Kong Chinese
schoolchildren is slowed by wearing progressive lenses. Optom Vis
S¢i 1999;76:346-354.

Yang Z, Lan W, Ge J, et al. The effectiveness of progressive ad-
dition lenses on the progression of myopia in Chinese children.
Ophthalmic Physiol Opt 2009;29:41-48.

Cheng D, Woo GC, Drobe B, Schmid KL. Effect of bifocal and
prismatic bifocal spectacles on myopia progression in children:
three-year results of a randomized clinical trial. JAMA Ophthalmol
2014;132:258-264.

Lam CSY, Tang WC, Lee PH, et al. Myopia control effect of defocus
incorporated multiple segments (DIMS) spectacle lens in Chinese
children: results of a 3-year follow-up study. Br J Ophthalmol 2021.
(in press). https://doi.org/10.1136/bjophthalmol-2020-317664

42.

43.

44,

45.

46.

47.

48.

49.

50.

52.

53.

54.

55.

56.

57.

Tan Q, Ng AL, Choy BN, et al. One-year results of 0.01% atropine
with orthokeratology (AOK) study: a randomised clinical trial.
Ophthalmic Physiol Opt 2020;40:557-566.

Kinoshita N, Konno Y, Hamada N, et al. Efficacy of combined or-
thokeratology and 0.01% atropine solution for slowing axial elon-
gation in children with myopia: a 2-year randomised trial. Sci Rep
2020;10:1-11. https://doi.org/10.1038/5s41598-020-69710-8
Goldschmidt E, Jacobsen N. Genetic and environmental effects on
myopia development and progression. Eye 2014;28:126-133.

Diez PS, Yang L-H, Lu M-X, Wahl S, Ohlendorf A. Growth curves of
myopia-related parameters to clinically monitor the refractive
development in Chinese schoolchildren. Graefes Arch Clin Exp
Ophthalmol 2019;257:1045-1053.

Tideman JWL, Polling JR, Vingerling JR, et al. Axial length growth
and the risk of developing myopia in European children. Acta
Ophthalmol 2018;96:301-309.

Donovan L, Sankaridurg P, Ho A, et al. Myopia progression rates
in urban children wearing single-vision spectacles. Optom Vis Sci
2012;89:27-32.

Lee TT, Cho P. Relative peripheral refraction in children: twelve-
month changes in eyes with different ametropias. Ophthalmic
Physiol Opt 2013;33:283-293.

Wan K, Lau J-K, Cheung SW, Cho P. Orthokeratology with increased
compression factor (OKIC): study design and preliminary results. Br
J Ophthalmol 2020;5:e000345.

Bland JM, Altman D. Statistical methods for assessing agree-
ment between two methods of clinical measurement. Lancet
1986;327:307-310.

Bland JM, Altman DG. Measuring agreement in method compari-
son studies. Stat Methods Med Res 1999;8:135-160.

Ogawa A, Tanaka M. The relationship between refractive errors and
retinal detachment-analysis of 1,166 retinal detachment cases. Jpn
JOphthalmol 1988;32:310-315.

Vincent SJ, Cho P, Chan KY, et al. CLEAR-orthokeratology. Cont Lens
Anterior Eye 2021;44:240-2609.

Tideman JWL, Snabel MCC, Tedja MS, et al. Association of axial
length with risk of uncorrectable visual impairment for Europeans
with myopia. JAMA Ophthalmol 2016;134:1355-1363.

Saunders KJ, Fulton J, Flanagan SC, Doyle LA, McCullough SJ. How
well does the BHVI myopia calculator predict myopic progression in
a UK population-based sample? International Myopia Conference
2019; Tokyo: Abstract P-001.

McCullough SJ, O'Donoghue L, Saunders KJ. Six year refractive
change among white children and young adults: evidence for sig-
nificant increase in myopia among white UK children. PLoS One
2016;11:e0146332. https://doi.org/10.1371/journal.pone.0146332
Bullimore MA, Brennan NA. Myopia control: why each diopter mat-
ters. Optom Vis Sci 2019;96:463-465.

How to cite this article: Yang Y, Cheung SW, Cho P,
Vincent SJ. Comparison between estimated and
measured myopia progression in Hong Kong children
without myopia control intervention. Ophthalmic
Physiol Opt. 2021;41:1363-1370. https://doi.org/10.1111/

0p0.12895


https://doi.org/10.1136/bjophthalmol-2020-317664
https://doi.org/10.1038/s41598-020-69710-8
https://doi.org/10.1371/journal.pone.0146332
https://doi.org/10.1111/opo.12895
https://doi.org/10.1111/opo.12895

