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Background: This study aimed to explore the best screening measure of myopia and its associated optimal
referral criteria for children aged between 6 and 16.

Methods: After informed consent of cycloplegia was obtained, a total of 6,321 children aged between 6 and
16 from 53 primary or junior middle schools in Jiading District of Shanghai were included in our population-
based study. Receiver operating characteristic (ROC) curve was performed to determine the best cutoff
points, sensitivities and specificities of different screening tests, including uncorrected visual acuity (UCVA),
noncycloplegic autorefraction (NCAR) and the combination of these two tests.

Results: There was significant difference in prevalence of myopia between boys and girls (x'=6.358,
P=0.012). Compared with children of low age, the prevalence of older children was significantly higher
(1’=1,386.404, P<0.001). For the combination of UCVA and NCAR, the best cutoff point was UCVA
less than or equal to 0.2 logarithm of minimum angle of resolution (MAR) (20/30) and NCAR spherical
equivalent refraction (SER) less than or equal to -0.75 diopters (D), with associated sensitivity and specificity
of 75.0% and 85.0%, respectively, which were higher than those of UCVA and NCAR alone. After stratified
by age, the best cutoff points were varied among children. The accuracy for children aged between 9 and 12
was higher than that for other ages.

Conclusions: The best screening measure of myopia was the combination of UCVA and NCAR. The

optimal referral criteria of myopia for children should be age-determined.
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Introduction with feasible screening measure which has high sensitivity

and specificity to ensure early treatment. Some research

Myopia, as the commonest refractive error, has become a . o
yop1a, ’ has reported the increased accuracy of the combination

severe public health problem and shown a more and more of uncorrected visual acuity (UCVA) and noncycloplegic

obvious low-age trend worldwide over the last decade
(1-5). According to the latest report, the prevalence of
myopia in primary school children of Shanghai reached
42.6%, which was much higher than that of several years
ago (6-9). So it is important to detect myopic children
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autorefraction (NCAR) compared with either of the
two tests alone (10). In order to verify the accuracy
of this combination measure and further explore the
optimal referral criteria of myopia for different ages, the
vision screening data of all primary and junior middle
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Table 1 General characteristics of the 6,321 participants
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Variables Number of participants Number with myopia Prevalence (%) b P value

Gender 6.358 0.012
Boys 3,212 908 28.27
Girls 3,109 969 31.17

Age 1,386.404 <0.001
6 693 38 5.48
7 857 47 5.48
8 879 143 16.27
9 966 207 21.43
10 743 225 30.28
11 505 204 40.40
12 577 286 49.57
13 480 297 61.88
14 337 224 66.47
15 182 129 70.88
16 102 77 75.49
school children who had signed the informed consent of Statistical analysis

cycloplegia was collected and analyzed.

Subjects and methods
Subjects

A population-based cross-sectional study, which was
approved by the Ethics Committee of Shanghai Eye
Disease Prevention and Treatment Center, was conducted
in Jiading District of Shanghai. A total of 53 primary and
junior middle schools were included and all children were
investigated. A total of 150 children were sampled randomly
from each of the 53 schools from database. After those who
refused cycloplegia were excluded, a total of 6,321 children
aged between 6 and 16 were included.

Methods

A total of 26 trained professional health workers from 13
Centers for Community Health Service undertook the
vision screening. After visual acuity test, a Topcon KR-
8900 autorefractor (Topcon Company, Tokyo, Japan)
was performed to achieve NCAR, which was followed
by cycloplegic refraction with 1% cyclopentolate
hydrochloride. Children whose cycloplegic refraction
spherical equivalent refraction (SER) was less than or equal
to -0.50 diopters (D) were diagnosed as myopia.
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Epidata 3.1 statistical software was employed to input data
and SPSS 17.0 was performed to draw receiver operating
characteristic (ROC) curve for exploring the best cutoff
points, sensitivities (SEs) and specificities (SPs) of different
screening tests.

Results
General information

Totally, 5,220 primary school children (aged between 6
and 12) and 1,101 junior middle school children (aged
between 13 and 16) were recruited, including 3,212 boys
and 3,109 girls, which accounted for 50.81% and 49.19%
of all, respectively. After cycloplegic refraction, which was
considered as golden standard for diagnosing myopia, 1,876
of 6,321 (29.68%) children were diagnosed as myopia.
There was significant difference in prevalence of myopia
between boys and girls (’=6.358, P=0.012). Compared with
children of low age, the prevalence of older children was
significantly higher (’=1,386.404, P<0.001). The detailed
information of all children was presented in Table 1.

Comparison of accuracy of different screening tests

For all children, the general best cutoff point for UCVA
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Table 2 Comparison of accuracy of different screening tests for
children of all ages

UCVA (%) NCAR (%) UCVA + NCAR (%)
SE SP SE SP SE SP
51.9 68.4 63.7 63.2 72.5 55.6
68.2 66.0 70.5 61.7 67.2 68.1
84.8 62.2 78.3 69.2 78.4 78.5
9 88.2 72.9 80.0 79.2 84.1 81.2
10 89.5 76.9 86.5 73.9 90.3 82.7
11 73.9 78.7 79.3 78.4 80.8 87.0
12 83.0 80.6 86.0 79.2 85.2 86.0
13 718 73.6 69.3  84.1 66.6 90.0
14 73.8 76.8 76.4 79.1 70.1 89.7
15 65.1 70.0 712 77.0 66.3 90.0
16 66.8  70.9 66.0 76.4 63.2 85.5
UCVA, uncorrected visual acuity; NCAR, noncycloplegic
autorefraction; SE, sensitivity; SP, specificity.

Age

o N O

Table 3 The best cutoff points of combination measure for

children of all ages

Age UCVA (Log MAR) NCAR (D)
6 0.2 (20/30) ~0.75
7 2 (20/30) -0.75
8 2 (20/30) -0.75
9 2 (20/30) -0.75
10 2 (20/30) -1.37
11 2 (20/30) -1.50
12 2 (20/30) -1.00
13 2 (20/30) -1.00
14 (20/30) 112
15 2 (20/30) -0.75
16 0.1 (20/25) -0.75

UCVA, uncorrected visual acuity; MAR, minimum angle
of resolution; NCAR, noncycloplegic autorefraction; D,
diopters.

was less than or equal to 0.2 logarithm of minimum angle
of resolution (MAR) (20/30), with associated SE and SP of
77.4% and 74.3%, respectively. For NCAR, the general best
cutoff point was SER less than or equal to -0.75 D, with
associated SE and SP of 76.4% and 80.9%, respectively.
After combining these two tests, the general best cutoff
point was UCVA less than or equal to 0.2 logarithm of
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MAR and NCAR SER less than or equal to -0.75 D, with
associated SE and SP of 75.0% and 85.0%, respectively.

As shown in Table 2, after stratified by age, the accuracy
was different among ages. For all children aged between
7 and 16, the combination of UCVA and NCAR achieved
higher SPs and similar SEs compared with these two tests
alone. For children aged 6, the SP of the combination
measure was 55.6%, which was lower than that of either
of the two tests (68.4% and 63.2%, respectively), but the
SE was much higher. Both SEs and SPs were over 80%
for children aged between 9 and 12, which were relatively
higher than those of other ages.

Best cutoff points of combination measure for all ages

Table 3 offered the best cutoff points of the combination
measure for all ages. For children aged from 6 to 9 and
15, the best cutoff point was UCVA less than or equal
to 0.2 logarithm of MAR and NCAR SER less than or
equal to -0.75 D, which was the same with the general
best cutoff point. For children aged between 12 and 13,
the best cutoff point was UCVA less than or equal to
0.2 logarithm of MAR and NCAR SER less than or equal
to -1.00 D. The best cutoff points for other ages were
different from each other. For children aged 10, 11 and
14, the best cutoff points were UCVA less than or equal
to 0.2 logarithm of MAR and NCAR SER less than or
equal to -1.37 D, -1.50 D and -1.12 D, respectively. For
those aged 16, the best cutoff point was UCVA less than
or equal to 0.1 logarithm of MAR (20/25) and NCAR SER
less than or equal to -0.75 D.

Discussion

More and more attention was paid to myopia of children
due to the high incidence and its increasing tendency
(1,6-9,11,12). Some potential associations between myopia
and major age-related eye diseases were reported, such as
nuclear cataract, posterior subcapsular cataract and primary
open-angle glaucoma (13). So it is critical to detect children
with true myopia or with high risk of myopia in early age
accurately, which would lead to an early treatment and help
to relieve the long-term damage. However, the result of
UCVA was subject to be affected by environmental factors,
such as light intensity and reminding from people around
in reality, and often could not detect those with myopia
accurately, which means quite a few of missed diagnosis.
Cycloplegic refraction with retinoscopy and subjective
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refraction were usually used in most of professional
hospitals, but cycloplegic refraction with retinoscopy needs
high professional skills and rich experience, while subjective
refraction without cycloplegia is not accurate enough for
children, so both of these two methods are not suitable to
be used during large-scale screening. By contrast, NCAR
test is more objective, therefore, it is necessary to combine
NCAR test in order to increase the accuracy of myopia
screening (14-16). For controlling and even lowering the
incidence of myopia, a program on establishing individual
archives of ocular refractive development of children, which
was included in the agenda of local government to enhance
the public health system, was launched in Jiading District
in 2011 and completed at the end of 2013. According to
our study on this program, the SP of UCVA combined with
NCAR was 85.0%, which was much higher than that of the
two tests alone. Meanwhile, the SE of the combination kept
similar to that of UCVA and NCAR alone. In other words,
the combination measure achieved an increased accuracy,
which was in accordance with some researches before
(10,17,18). Furthermore, our population-based study had a
larger sample size, which promised a reliable result.

In addition, the accuracy for children aged between
9 and 12 was relatively higher than that of other ages,
indicating that the combination was more practical for
children in this age group. The accuracy for those aged
6 and 7 was much lower than that for other ages, due
to the stronger refraction adjustment ability and poor
cooperation of younger children (19). Furthermore, we
explored that the best cutoff points were age dependent
for the measure of UCVA combined with NCAR. For
children aged from 6 to 9 and 15, the best cutoff points
were the same. Similarly, children aged 12 and 13 also
shared the same best cutoff point. For other ages, the
best cutoff points varied. With the progress of dynamic
monitoring of children refractive development in the
future, we would further examine the criteria and the
associated accuracy for myopia screening. To find the
risk factors of myopia and deliver targeted intervention
after vision screening is important, some researches have
reported the potential risk factors, such as lack of outdoor
activities, heavy homework, wrong posture of reading
and writing, long-time playing electronic products, and
so on (8,9). In the following study, we would explore the
myopia-related risk factors and feasible intervention based
on the dynamic screening.

In conclusion, with an increased accuracy, the
combination of UCVA and NCAR was more feasible to
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apply in large-scale myopia screening. The referral criteria
of myopia for primary and junior middle school children
should be age-determined.
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