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Abstract

Purpose

To construct reference centile curves of refraction based on population-based data as an
age-specific severity scale to evaluate their efficacy as a tool for identifying children at risk of
developing high myopia in a longitudinal study.

Methods

Data of 4218 children aged 5—15 years from the Guangzhou Refractive Error Study in Chil-
dren (RESC) study, and 354 first-born twins from the Guangzhou Twin Eye Study (GTES)
with annual visit were included in the analysis. Reference centile curves for refraction were
constructed using a quantile regression model based on the cycloplegic refraction data from
the RESC. The risk of developing high myopia (spherical equivalent < -6 diopters [D]) was
evaluated as a diagnostic test using the twin follow-up data.

Results

The centile curves suggested that the 3 5" and 10™ percentile decreased from -0.25 D,
0.00 Dand 0.25 D in 5 year-olds to -6.00 D, -5.65D and -4.63 D in 15 year-olds in the popula-
tion-based data from RESC. In the GTES cohort, the 5™ centile showed the most effective
diagnostic value with a sensitivity of 92.9%, a specificity of 97.9% and a positive predictive
value (PPV) of 65.0% in predicting high myopia onset (<-6.00D) before the age of 15 years.
The PPV was highest (87.5%) in 3 centile but with only 50.0% sensitivity. The Mathew’s
correlation coefficient of 5" centile in predicting myopia of -6.0D/-5.0D/-4.0D by age of 15
was 0.77/0.51/0.30 respectively.

Conclusions

Reference centile curves provide an age-specific estimation on a severity scale of refractive
error in school-aged children. Children located under lower percentiles at young age were
more likely to have high myopia at 15 years or probably in adulthood.
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Introduction

The prevalence of myopia has increased rapidly over the past few decades, especially in East
Asia[1-4]. Furthermore, about 10-20% myopes now have high myopia,[5] which carries a
much increased risk of complications, such as retinal detachment, glaucoma, cataract and
pathological myopia. These disorders cannot be corrected by wearing glasses and often prog-
ress to uncorrectable visual impairment and blindness[6,7]. The relationship between severity
of myopia and pathological outcomes appears to be highly non-linear, with more severe myo-
pia producing disproportionately increased levels of pathology, emphasizing the importance
of limiting the progression of myopia.

In recent years, many groups have reported the efficacy of various treatments in reducing
progression of myopia, such as atropine eyedrops[8,9], orthokeratology[10,11], and specialized
contact lens[12]. However, all these treatment options may suffer potentially severe side effects
[8,13], and thus may raise challenges in clinical practice. It is therefore important that the treat-
ments, particularly the more aggressive treatments with known potential side effects, should
target those who are the most at risk of developing high myopia later in life.

Severity of refractive error is generally estimated as a degree of spherical equivalent (SE). In
adult, -6 diopters (D) is commonly used as a criterion to define high myopia in adults. How-
ever, identifying severe myopia in younger children, as an indicator of risk for subsequent pro-
gression to high myopia can be challenging: for example, -2D at 12 years old among Chinese
children would not be classified as severe myopia but -2D at 6 years old would be quite severe.
The current challenge is how to define proper age-specific cutoffs for the severe myopia to
identify children at risk of high myopia and its pathological consequences later in life.

Reference centile curve may provide a good approach to tackle this problem, since it allows
estimation on a severity scale based on a population-based age-specific distribution. Such
curves have been widely used to describe the distribution of specific characteristics of a popula-
tion and to assess health status of an individual relative to a reference population. For example,
growth reference centiles have been developed since 1891[14] and used to assess obesity,
underweight and other growth abnormalities[15-17]. In addition, reference centiles of bio-
metric parameters such as plasma troponin and body temperature are also used to predict cer-
tain clinical disorders [18,19]. However, to the best of our knowledge, such curves have not
been developed and used in eye care services.

In this paper, we present reference centile charts of the distribution of refraction in children
using cross-sectional data from the Guangzhou Refractive Error Study in Children (RESC)
study, and validate its accuracy on the estimation of severity and also on the prediction on the
onset of high myopia using longitudinal data from the Guangzhou Twin Eye Study (GTES).

Materials and Methods
Participants

Cross-sectional data were drawn from 4364 school-age children aged 5-15 years residing in
the Liwan district of Guangzhou city as part of the RESC studies. The exclusion criteria for the
analysis included children with any tropia, ocular media opacity or history of orthokeratology
treatment. Further details of sampling and examination procedures have been described else-
where[1]. Longitudinal data were drawn from the GTES, which started in 2006 and was fol-
lowed in annual visits up to 2012. The age of children in GTES ranged from 7 to 15 years at
baseline. Details of the sampling and methodology were reported elsewhere [20].

Both the samples were collected in the same city (Guangzhou) in urban South China. The
cross-sectional data and longitudinal data were comparably representative of the population in
urban area of South China in terms of refractive status and schooling intensity.

PLOS ONE | DOI:10.1371/journal.pone.0167642 December 28, 2016 2/10



@° PLOS | ONE

Identifying Children at Risk of High Myopia Using Population Centile Curves of Refraction

Measures

Refractions was measured using an autorefractor (RESC: ARK-30, Nidek Corp; GTES:
KR8800, Topcon Corp, Tokyo, Japan) after cycloplegia. Cycloplegia was induced with 2 drops
of 1% cyclopentolate (1% Cyclogyl, Alcon Labs, Fort Wroth, Texas) instilled 5 minutes apart.
All examinations for the two studies were carried out by the same research group following the
same study protocol. The studies were conducted in accordance with the Tenets of the World
Medical Association’s declaration of Helsinki. Written informed consents were obtained from
all the participants or their parents, and ethical committee approval was got from the Zhong-
shan University Ethical Review Board and Ethics Committee of Zhongshan Ophthalmic
Center

Statistical analysis

The definition of high myopia was spherical equivalent (SE) -6.00 D or less. SE was calculated
as sum of sphere and 1/2 cylinder. Quantile regression, a type of regression model estimating
conditional quantile functions, was adopted to construct the reference centile curves on the
RESC cross-sectional data.

To validate the accuracy of the age-specific severity estimation in predicting high myopia,
baseline centiles and refraction at age 15 years of first-born twins were used as test and out-
come variables to conduct diagnostic test. The sensitivity, specificity, positive predictive value
(PPV), negative predictive value (NPV) and Mathew’s correlation coefficient (MCC) were cal-
culated. Predictions were made by locating a subject into regions between the quantile curves
based on his/her age and SE, to identify if he/she would develop high myopia by the age of 15.
All the statistical analysis was performed with Stata (Stata version 12.0, Stata Corp., College
Station, TX)[21].

Results

Figs 1 and 2 show eight centile curves of refraction reference for boys and girls from RESC at
different percentiles (3", 5, 10, 25, 50, 75, 90", and 97™). The 3" centile of girls tended
to be more myopic than that of boys from 6 through 13 years old. For the 50" centile, girls had
higher SE from age of 5 to 9 than boys, whereas the trend reversed thereafter. The variation of
97% centile on age was similar to that of the 50 centile (Table 1).

To verify the efficacy of identifying future high myopes using reference centiles, the baseline
refraction of 170 boys and 184 girls first-born twins (mean baseline age 11.72 + 1.60 years and
11.79 + 1.57 years for boys and girls respectively) was located on the centile curves constructed
from the RESC data (Fig 3). Children were divided into non-high myopes and high myopes
based on the visit when the children were 15 years old. Those who developed high myopia in
the follow-up visits tended to be in the lower centiles (10" and 5™).

To estimate the predictive value of different centiles (34, 5™ 10™ and 25™), we conducted
diagnostic tests. Among 354 children, 14 children developed high myopia by the age of 15
years and 15 children became highly myopic after 15 year-old. By using -6.0D by 15 years of
age as the outcome of prediction, the 5™ and 10™ centiles achieved both high sensitivity
(92.9% and 100.0%) and specificity (97.9% and 89.1%). PPV values were more than 50.0%
when using the 3" and 5% centiles (87.5% and 65.0%). All the four centiles showed high NPV.
MMC was highest using 5 centile as cutoff,

While -6.0D is a commonly used cut-off for the definition of high myopia, the relationship
between myopic refraction and pathology starts to rise rapidly from about -4.0D[22]. In addi-
tion, many children even after 15 years old will progress further, and become more myopic,
and possibly highly myopic, with age. For these two reasons, we also used -5.0 D and -4.0 D
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Fig 1. Percentile curves for urban Chinese boys based on cross-sectional data.

doi:10.1371/journal.pone.0167642.9001

before 15 years of age as outcome of interest. To avoid trivial true positive predictions, children
with SE <-5.0D or < -4.0D, who were already established high myopia, at baseline visit were
excluded.

Using these less stringent cut-offs of -5.0D or -4.0D, the PPV of the 5 centile was higher
while the sensitivity was lower. A complete overview of this analysis is shown in Table 2.
Among those with -5.0 D and -4.0 D before age of 15 years, only 48.4% and 28.3% of them
developed high myopia after the age of 15 years respectively.

We further evaluated the accuracy in identifying high myopes before age of 15 years at dif-
ferent levels of baseline centiles by sex. For boys, the 5™ centile can identify the high myopes
before 15 year-old with higher sensitivity, specificity, PPV and MCC. The 5™ centile at baseline
predicted highly myopic girls with good sensitivity and specificity, but relatively low PPV
(50%). A detailed description of the analysis is given in Table 3.

Discussion

The current study presents, to the best of our knowledge, the first application of centile curves
to quantitative traits in ophthalmic research. This analysis of children’s refractive error based
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Fig 2. Percentile curves for urban Chinese girls based on cross-sectional data.
doi:10.1371/journal.pone.0167642.9002

Table 1. Refraction (diopter) cutoff of boys compared with that of girls at different age and centile using population-based data of the Guangzhou
Refractive Error Study in Children (RESC) study.

Age (year) Boys Girls Difference (girl-boy)

3 50™ g7t 3™ 50" o7™" 3 50™ g7
5 -0.25 0.92 2.38 -0.25 1.00 2.80 0.00 0.08 0.42
6 -0.90 0.85 2.26 -1.20 0.96 2.63 -0.30 0.11 0.37
7 -1.54 0.75 2.14 -2.06 0.86 2.44 -0.52 0.11 0.30
8 -2.17 0.63 2.02 -2.83 0.71 2.25 -0.66 0.08 0.23
9 -2.78 0.47 1.89 -3.52 0.50 2.05 -0.74 0.03 0.16
10 -3.38 0.29 1.75 -4.12 0.24 1.85 -0.74 -0.05 0.10
11 -3.96 0.09 1.61 -4.63 -0.08 1.65 -0.67 -0.17 0.04
12 -4.53 -0.14 1.47 -5.05 -0.45 1.44 -0.52 -0.31 -0.03
13 -5.08 -0.40 1.32 -5.38 -0.88 1.22 -0.30 -0.48 -0.10
14 -5.63 -0.69 1.16 -5.63 -1.36 1.00 0.00 -0.67 -0.16
15 -6.15 -1.00 1.00 -5.78 -1.89 0.77 0.37 -0.89 -0.23

doi:10.1371/journal.pone.0167642.t001
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Fig 3. Distribution of age-specific spherical equivalent at baseline and classification of future high myopia onset at 15 years old among
first-born twins. A for boys, B for girls. * Centile curves were the ones constructed based on cross-sectional data.

doi:10.1371/journal.pone.0167642.g003

on representative data from urban China aims to identify, while they are still young, the chil-
dren at increased risk of developing high myopia. In the validation with longitudinal data, the
curves showed high efficacy, as measured by diagnostic testing, in predicting high myopia by
15 years. Given the wide use of centile charts in monitoring weight, height and body mass
index (BMI) in children, these simple and feasible methods enable scientists to develop a

Table 2. The accuracy of baseline centiles to estimate refractive status at the age of 15 years in first-born twins *.

Baseline True False False True Total | Sensitivity | Specificity Positive Negative MCC
centile (%) | positive (n) | positive (n) | negative (n) | negative (n) | (n) (%) (%) predictive value | predictive value
(%) (%)
Developed <-6.00 D at 15 year-old
3 7 1 7 339 354 50.0 99.7 87.5 98.0 0.65
5 13 7 1 333 354 92.9 97.9 65.0 100.0 0.77
10" 14 37 0 303 354 100.0 89.1 27.5 100.0 0.49
25" 14 109 0 231 354 100.0 67.9 11.4 100.0 0.28
Developed <-5.00 D at 15 year-old
3™ 4 0 35 307 346 10.3 100.0 100.0 89.8 0.30
5" 12 1 27 306 346 30.8 99.7 92.3 91.9 0.51
10" 29 14 10 293 346 74.4 95.4 67.4 96.7 0.67
25" 37 78 2 229 346 94.9 74.6 32.2 99.1 0.47
Developed <-4.00 D at 15 year-old
3™ 1 0 55 274 330 1.8 100.0 100.0 83.3 0.12
5" 6 0 50 274 330 10.7 100.0 100.0 84.6 0.30
10" 26 2 30 272 330 46.4 99.3 92.9 90.1 0.62
25t 50 49 6 225 330 89.3 82.1 50.5 97.4 0.58

* Participants with established high myopia (based on the defined cutoffs) at baseline were excluded in this assessment.

MCC: Mathews correlation coefficient

doi:10.1371/journal.pone.0167642.1002
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Table 3. The accuracy of baseline centiles to identify first-born twins with high myopia (SE <-6.0D) at the age of 15 years by sex.

Baseline True False False True Total | Sensitivity | Specificity Positive Negative MCC
centile (%) | positive (n) | positive (n) | negative (n) | negative (n) | (n) (%) (%) predictive value | predictive value
(%) (%)
Boys
3rd 3 0 4 163 170 0.43 1.00 1.00 0.98 0.6
5t 6 0 1 163 170 0.86 1.00 1.00 0.99 0.9
10t 7 9 0 154 170 1.00 0.94 0.44 1.00 0.6
25" 7 42 0 121 170 1.00 0.74 0.14 1.00 0.3
Girls
3 4 1 3 176 184 0.57 0.99 0.80 0.98 0.7
5th 7 7 0 170 184 1.00 0.96 0.50 1.00 0.7
10t 7 28 0 149 184 1.00 0.84 0.20 1.00 0.4
25t 7 67 0 110 184 1.00 0.62 0.09 1.00 0.2

MCC: Mathews correlation coefficient

doi:10.1371/journal.pone.0167642.t003

contemporary cross-sectional reference for this specific area of clinical practice based on up-
to-date data, and hopefully help identify those who need closer monitoring and more aggres-
sive treatments.

The 3™ through to the 97" centiles were chosen to be consistent with traditional reference
centiles charts used in BMI assessment [23]. In this study, however, we found the region below
the 5™ percentile to be the most accurate to predict high myopia (with prediction sensitivity
92.9% and specificity 97.9%). The baseline SE measures at the 5% percentile provide the best
age-specific SE cutoffs for identifying the children with severe refractive error and increased
risk of developing high myopia in adulthood. In the present study, 48 children in 1000 were
below the 5™ percentile, representing a group of children with severe myopia for their age. The
young children in this group can be the potential subjects to receive preventive treatments for
myopia like atropine, yet those located between the 3" and 5™ centiles may require future fol-
low-up examination to avoid over-treating. Our findings imply that severe myopia with
extreme baseline refraction at young ages contributes to the onset of high myopia before 15
years old or probably in adulthood. We provide cut-off values of each age group for school-age
children, thereby providing a basis for clinical referral of extreme cases (below the 5 centile).

Based on the performance of reference centiles in the test, we conclude that reference cen-
tile curve is a potentially useful indicator for estimating severity of refractive error in specific
age and sex groups, with good sensitivity and specificity. However, the fact that the positive
predictive value was only 65.0% when 5™ centiles were used as cutoffs for all the subjects, sug-
gests that about 35% children classified as positive at baseline will not develop high myopia by
age of 15. This lower positive predictive value is clearly associated with the low prevalence of
high myopia in the population. One should also note that the prediction efficacy may also sub-
ject to the gender of the participants. PPV in girls was 50% but 100% in boys which may indi-
cate progression of refractive error is different between genders, and thus estimation of risk
should be ideally performed separately for boys and girls. Further work should be done to
improve the PPV, such as including more risk factors in the prediction, i.e., history of myopic
parents [24,25], environmental factors such as outdoor activity time [26,27], near work time,
[28,29] and optical biometry. Further follow-up to determine progression rates may also
improve predictive power[30]. One of our future directions is to incorporate these potential
risk factors into our prediction method. While multi-factor predictions models for myopia
prediction has been studied elsewhere[31], our aim is to develop multi-factor-adjustable
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centile curves for prediction. Further work needs to build a more sophisticated model includ-
ing baseline centile as a major factor, while at the same time also including other variables clin-
ically relevant to myopia.

A limitation of the present study is that the cross-sectional data based on which the centile
curves are constructed will be population-, site- and time-specific. The centile curves or distri-
butions constructed from the RESC dataset should not be generalized to use in other popula-
tions, except, with due caution, to those with similarly high prevalence of myopia and high
myopia such as other cities in mainland China, Hong Kong, Taiwan, South Korea, Japan and
Singapore. The range of baseline age in GTES also limited the validation of centile charts in
children aged <7 years. In order to construct valid centile curves for use in clinical practice, it
is preferable to use the most up-to-date and representative cross-sectional data obtained from
their specific population for this effort. For this purpose, we have developed a web-based sys-
tem (www.myopcentile.org) allowing the investigators to upload their population-based data
and generate reference centile curves based on their own cross-sectional data to generate the
centile curves valid for their population. The current study is therefore essentially a proof-of-
concept for the general methodology, and external testing of our method will be extremely
useful.

In conclusion, the reference centile curves provide information on the age- and gender-spe-
cific distribution of refraction in urban Chinese children, where the prevalence of myopia and
high myopia is high. They may be useful as a scale to estimate the severity of refractive error at
a given age in children, and also can be used to predict the children with increased risk of
developing high myopia later in life. This tool may provide a basis for identifying the children
for whom a more aggressive preventive treatment is appropriate at young age.

Supporting Information

S1 File. Data of RESC study.
(XLSX)

S2 File. Data of GTES.
(XLSX)

Acknowledgments
The authors thank the staff and the participants in the study.

Author Contributions
Conceptualization: MH YC.
Data curation: JZ.

Formal analysis: YC JZ.
Funding acquisition: MH JZ.
Investigation: MH.
Methodology: YC JZ.

Project administration: MH.
Resources: MH.

Software: YC JZ.

PLOS ONE | DOI:10.1371/journal.pone.0167642 December 28, 2016 8/10


http://www.myopcentile.org
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0167642.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0167642.s002

@° PLOS | ONE

Identifying Children at Risk of High Myopia Using Population Centile Curves of Refraction

Supervision: MH.

Validation: MH IGM.

Visualization: YC JZ.

Writing - original draft: YC.

Writing - review & editing: MH IGM.

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

He M, Zeng J, Liu Y, Xu J, Pokharel GP, et al. (2004) Refractive error and visual impairment in urban
children in southern china. Invest Ophthalmol Vis Sci 45: 793—-799. PMID: 14985292

Wu JF, Bi HS, Wang SM, Hu YY, Wu H, et al. (2013) Refractive error, visual acuity and causes of vision
loss in children in Shandong, China. The Shandong Children Eye Study. PLoS One 8: €82763. doi: 10.
1371/journal.pone.0082763 PMID: 24376575

Lim HT, Yoon JS, Hwang SS, Lee SY (2012) Prevalence and associated sociodemographic factors of
myopia in Korean children: the 2005 third Korea National Health and Nutrition Examination Survey
(KNHANES Ill). Jpn J Ophthalmol 56: 76—81. doi: 10.1007/s10384-011-0090-7 PMID: 21975827

Saw SM, Chan YH, Wong WL, Shankar A, Sandar M, et al. (2008) Prevalence and risk factors for
refractive errors in the Singapore Malay Eye Survey. Ophthalmology 115: 1713-1719. doi: 10.1016/j.
ophtha.2008.03.016 PMID: 18486221

Lin LL, Shih YF, Hsiao CK, Chen CJ (2004) Prevalence of myopia in Taiwanese schoolchildren: 1983 to
2000. Ann Acad Med Singapore 33: 27-33.

Saw SM, Gazzard G, Shih-Yen EC, Chua WH (2005) Myopia and associated pathological complica-
tions. Ophthalmic Physiol Opt 25: 381-391. doi: 10.1111/j.1475-1313.2005.00298.x PMID: 16101943

Neelam K, Cheung CM, Ohno-Matsui K, Lai TY, Wong TY (2012) Choroidal neovascularization in path-
ological myopia. Prog Retin Eye Res 31: 495-525. doi: 10.1016/j.preteyeres.2012.04.001 PMID:
22569156

Shih YF, Chen CH, Chou AC, Ho TC, Lin LL, et al. (1999) Effects of different concentrations of atropine
on controlling myopia in myopic children. J Ocul Pharmacol Ther 15: 85-90. doi: 10.1089/jop.1999.15.
85 PMID: 10048351

Li SM, Wu SS, Kang MT, Liu Y, Jia SM, et al. (2014) Atropine slows myopia progression more in Asian
than white children by meta-analysis. Optom Vis Sci 91: 342-350. doi: 10.1097/OPX.
0000000000000178 PMID: 24445721

Santodomingo-Rubido J, Villa-Collar C, Gilmartin B, Gutierrez-Ortega R (2012) Myopia control with
orthokeratology contact lenses in Spain: refractive and biometric changes. Invest Ophthalmol Vis Sci
53: 5060-5065. doi: 10.1167/iovs.11-8005 PMID: 22729437

Li SM, Kang MT, Wu SS, Liu LR, Li H, et al. (2016) Efficacy, Safety and Acceptability of Orthokeratology
on Slowing Axial Elongation in Myopic Children by Meta-Analysis. Curr Eye Res 41: 600-608. doi: 10.
3109/02713683.2015.1050743 PMID: 26237276

Sankaridurg P, Holden B, Smith E 3rd, Naduvilath T, Chen X, et al. (2011) Decrease in rate of myopia
progression with a contact lens designed to reduce relative peripheral hyperopia: one-year results.
Invest Ophthalmol Vis Sci 52: 9362—9367. doi: 10.1167/iovs.11-7260 PMID: 22039230

Chan TC, Li EY, Wong VW, Jhaniji V (2014) Orthokeratology-associated infectious keratitis in a tertiary
care eye hospital in Hong Kong. Am J Ophthalmol 158: 1130-1135.e1132. doi: 10.1016/j.2j0.2014.08.
026 PMID: 25158307

Bowditch, HP (1917) Xlll. THE GROWTH OF CHILDREN STUDIED BY GALTON’'S METHOD OF
PERCENTILE GRADES: State Sanitation Volume II.

Sung R, Yu C, Choi K, McManus A, Li A, et al. (2006) Waist circumference and body mass index in Chi-
nese children: cutoff values for predicting cardiovascular risk factors. International journal of obesity 31:
550-558. doi: 10.1038/s}.ij0.0803452 PMID: 16953258

De Onis M, Habicht J-P (1996) Anthropometric reference data for international use: recommendations
from a World Health Organization Expert Committee. Am J Clin Nutr 64: 650—-658. PMID: 8839517

Cole TJ, Bellizzi MC, Flegal KM, Dietz WH (2000) Establishing a standard definition for child overweight
and obesity worldwide: international survey. BMJ 320: 1240-1243. PMID: 10797032

Nijman RG, Thompson M, van Veen M, Perera R, Moll HA, et al. (2012) Derivation and validation of age
and temperature specific reference values and centile charts to predict lower respiratory tract infection

PLOS ONE | DOI:10.1371/journal.pone.0167642 December 28, 2016 9/10


http://www.ncbi.nlm.nih.gov/pubmed/14985292
http://dx.doi.org/10.1371/journal.pone.0082763
http://dx.doi.org/10.1371/journal.pone.0082763
http://www.ncbi.nlm.nih.gov/pubmed/24376575
http://dx.doi.org/10.1007/s10384-011-0090-7
http://www.ncbi.nlm.nih.gov/pubmed/21975827
http://dx.doi.org/10.1016/j.ophtha.2008.03.016
http://dx.doi.org/10.1016/j.ophtha.2008.03.016
http://www.ncbi.nlm.nih.gov/pubmed/18486221
http://dx.doi.org/10.1111/j.1475-1313.2005.00298.x
http://www.ncbi.nlm.nih.gov/pubmed/16101943
http://dx.doi.org/10.1016/j.preteyeres.2012.04.001
http://www.ncbi.nlm.nih.gov/pubmed/22569156
http://dx.doi.org/10.1089/jop.1999.15.85
http://dx.doi.org/10.1089/jop.1999.15.85
http://www.ncbi.nlm.nih.gov/pubmed/10048351
http://dx.doi.org/10.1097/OPX.0000000000000178
http://dx.doi.org/10.1097/OPX.0000000000000178
http://www.ncbi.nlm.nih.gov/pubmed/24445721
http://dx.doi.org/10.1167/iovs.11-8005
http://www.ncbi.nlm.nih.gov/pubmed/22729437
http://dx.doi.org/10.3109/02713683.2015.1050743
http://dx.doi.org/10.3109/02713683.2015.1050743
http://www.ncbi.nlm.nih.gov/pubmed/26237276
http://dx.doi.org/10.1167/iovs.11-7260
http://www.ncbi.nlm.nih.gov/pubmed/22039230
http://dx.doi.org/10.1016/j.ajo.2014.08.026
http://dx.doi.org/10.1016/j.ajo.2014.08.026
http://www.ncbi.nlm.nih.gov/pubmed/25158307
http://dx.doi.org/10.1038/sj.ijo.0803452
http://www.ncbi.nlm.nih.gov/pubmed/16953258
http://www.ncbi.nlm.nih.gov/pubmed/8839517
http://www.ncbi.nlm.nih.gov/pubmed/10797032

@° PLOS | ONE

Identifying Children at Risk of High Myopia Using Population Centile Curves of Refraction

19.

20.

21.
22,

23.

24,

25.

26.

27.

28.

29.

30.

31.

in children with fever: prospective observational study. BMJ 345: e4224. doi: 10.1136/bmj.e4224
PMID: 22761088

Mills NL, Lee KK, McAllister DA, Churchhouse AM, MacLeod M, et al. (2012) Implications of lowering
threshold of plasma troponin concentration in diagnosis of myocardial infarction: cohort study. BMJ
344: e1533. doi: 10.1136/bmj.e1533 PMID: 22422871

He M, Ge J, Zheng Y, Huang W, Zeng J (2006) The Guangzhou Twin Project. Twin Res Hum Genet 9:
753-757. doi: 10.1375/183242706779462561 PMID: 17254403

Stata. (2011) Stat Statistical Software: Release 7.0. College Station, TX: Stata Corp.

Tokoro T (1988) On the definition of pathologic myopia in group studies. Acta Ophthalmol Suppl 185:
107-108. PMID: 2853512

RG IJ, Stehouwer CD, Boomsma DI (2000) Evidence for genetic factors explaining the birth weight-
blood pressure relation. Analysis in twins. Hypertension 36: 1008-1012. PMID: 11116116

Negrel AD, Maul E, Pokharel GP, Zhao J, Ellwein LB (2000) Refractive Error Study in Children: sam-
pling and measurement methods for a multi-country survey. Am J Ophthalmol 129: 421-426. PMID:
10764848

Baird PN, Schache M, Dirani M (2010) The GEnes in Myopia (GEM) study in understanding the aetiol-
ogy of refractive errors. Prog Retin Eye Res 29: 520-542. doi: 10.1016/j.preteyeres.2010.05.004
PMID: 20576483

Rose KA, Morgan IG, Ip J, Kifley A, Huynh S, et al. (2008) Outdoor activity reduces the prevalence of
myopia in children. Ophthalmology 115: 1279-1285. doi: 10.1016/j.ophtha.2007.12.019 PMID:
18294691

Dirani M, Tong L, Gazzard G, Zhang X, Chia A, et al. (2009) Outdoor activity and myopia in Singapore
teenage children. Br J Ophthalmol 93: 997—-1000. doi: 10.1136/bjo.2008.150979 PMID: 19211608

Rose KA, Morgan IG, Smith W, Burlutsky G, Mitchell P, et al. (2008) Myopia, lifestyle, and schooling in
students of Chinese ethnicity in Singapore and Sydney. Arch Ophthalmol 126: 527-530. doi: 10.1001/
archopht.126.4.527 PMID: 18413523

French AN, Morgan IG, Mitchell P, Rose KA (2013) Patterns of myopigenic activities with age, gender
and ethnicity in Sydney schoolchildren. Ophthalmic Physiol Opt 33: 318-328. doi: 10.1111/0p0.12045
PMID: 23452023

Fledelius HC, Goldschmidt E (2010) Oculometry findings in high myopia at adult age: considerations
based on oculometric follow-up data over 28 years in a cohort-based Danish high-myopia series. Acta
Ophthalmol 88: 472—-478. doi: 10.1111/j.1755-3768.2008.01472.x PMID: 19416121

Zhang M, Gazzard G, Fu Z, LiL, Chen B, et al. (2011) Validating the accuracy of a model to predict the
onset of myopia in children. Invest Ophthalmol Vis Sci 52: 5836-5841. doi: 10.1167/iovs.10-5592
PMID: 21330664

PLOS ONE | DOI:10.1371/journal.pone.0167642 December 28, 2016 10/10


http://dx.doi.org/10.1136/bmj.e4224
http://www.ncbi.nlm.nih.gov/pubmed/22761088
http://dx.doi.org/10.1136/bmj.e1533
http://www.ncbi.nlm.nih.gov/pubmed/22422871
http://dx.doi.org/10.1375/183242706779462561
http://www.ncbi.nlm.nih.gov/pubmed/17254403
http://www.ncbi.nlm.nih.gov/pubmed/2853512
http://www.ncbi.nlm.nih.gov/pubmed/11116116
http://www.ncbi.nlm.nih.gov/pubmed/10764848
http://dx.doi.org/10.1016/j.preteyeres.2010.05.004
http://www.ncbi.nlm.nih.gov/pubmed/20576483
http://dx.doi.org/10.1016/j.ophtha.2007.12.019
http://www.ncbi.nlm.nih.gov/pubmed/18294691
http://dx.doi.org/10.1136/bjo.2008.150979
http://www.ncbi.nlm.nih.gov/pubmed/19211608
http://dx.doi.org/10.1001/archopht.126.4.527
http://dx.doi.org/10.1001/archopht.126.4.527
http://www.ncbi.nlm.nih.gov/pubmed/18413523
http://dx.doi.org/10.1111/opo.12045
http://www.ncbi.nlm.nih.gov/pubmed/23452023
http://dx.doi.org/10.1111/j.1755-3768.2008.01472.x
http://www.ncbi.nlm.nih.gov/pubmed/19416121
http://dx.doi.org/10.1167/iovs.10-5592
http://www.ncbi.nlm.nih.gov/pubmed/21330664

