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Abstract

Purpose To examine the prevalence of myopia in primary school children in Hong Kong, and the risk factors for myopia
development.

Study design A cross-sectional study.

Methods Subjective refraction and axial length were measured in all participants. Structured questionnaire was completed
by the parents to assess risk factors of myopia.

Results A total of 1396 children (491 boys) from Grade 1 to Grade 6 from 4 primary schools in Sham Shui Po district of
Hong Kong participated. All participants underwent non-cycloplegic refraction. The overall prevalence of myopia (spheri-
cal equivalent, SE < -0.5 diopter [D]) was 37.7%, which significantly increased with age, from 13.3% at grade 1 to 54.7% at
grade 6. The prevalence of moderate myopia (-3.0D < SE < -6.0D) increased from 1.6% at grade 1 to 18.2% at grade 6 and
the prevalence of high myopia (SE < = -6.0 D and/or AL > 26.5 mm) increased from 0.94% (7/747) in grade 1-3 students
to 1.85% (12/649) in grade 4-6 students. Among the students with myopia, only 23.6% of the parents knew their children
had refractive errors and only 19.8% of the children wore glasses. Multivariate logistic regression analysis showed myopia
development was significantly associated with older age (OR = 1.36, P = 0.008), better academic ranking in class in the
preceding semester (OR = 1.01, P = 0.02) and absence of routine eye check (OR = 2.70, P = 0.001).

Conclusion The prevalence of myopia in primary school students in Hong Kong is high. There is a low level of awareness
of refractive errors among parents, and high proportion of under-correction, resulting in suboptimal vision.

Keywords Refractive error - Myopia - Hyperopia - Paediatric ophthalmology

Background

The prevalence of myopia is high in Hong Kong [1]. The
largest series published, involving 2651 children aged 6-12
found that myopia (less than -0.50 diopter [D]) was 18.3%
for the 6-year-old group and 61.5% for the 12-year-old
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group. Prevalence of high myopia of less than -6.00D
increased from 0.7% at the age of 6 to 3.8% at the age of
12 [2]. Among adults in the developed countries of East
and Southeast Asia, the prevalence of myopia is as high as
90%, in contrast to the much lower prevalence of less than
5-10% in developing countries [3]. For most of the myopic
population, refractive errors tend to stabilize beyond adult-
hood. However, a significant portion of myopic individu-
als develop pathologic myopia, defined as myopia of less
than -6D with progressive increase in axial length, resulting
in various vision-threatening ocular pathologies. The inci-
dence of myopia and pathologic myopia is particularly high
in urban Asian communities, including Hong Kong. A study
in Hong Kong shows that in adolescents with less than -6D
myopia, 94/120 were found to have retinal changes of which
0.8% were sight-threatening [4].
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Risk factors for myopia progression include younger age,
higher myopic spherical equivalent at baseline and having
2 myopic parents. Regression analysis shows that the risk
of myopia progression was 40% lower with each year of
increased age, and 43% lower for every 1.0 D less in myo-
pia at baseline [5]. Life style including decrease in outdoor
activity, increase in time doing near work, and increase in
urbanization were also found to be associated with myopia
development [6].

Studies show myopia progresses at the fastest rate at
6-7 years old, and tends to slow down after 11-12 years of
age [7, 8]. Hence the population most at risk would be in
primary school. It is important to understand the rate of
prevalence in recent years and risk factors in students so
that policy makers and health care providers can implement
strategies to halt the development of this disease. Because
of the paucity of local data of myopia in Hong Kong, we
conducted this study to examine the prevalence of myopia
in primary school students, and managed to identify the risk
factors for developing myopia in these students.

Methods

This was a school-based cross-sectional study. Four pub-
lic primary schools in the Sham Shui Po District of Hong
Kong were invited to join the study from March 2017 to May
2018. We did not exclude any students from participating,
unless they declined to join. The study was approved by
the Institutional Review Board of the University of Hong
Kong/Hospital Authority Hong Kong West Cluster (HKU/
HA HKW IRB) and adhered to the tenets of the Declaration
of Helsinki. All primary school students, from Grade 1 to
Grade 6, in the 4 schools were invited to join the study. All
parents were requested to sign an informed consent after we
explained the study purpose and procedures.

Study parameters
1. Ophthalmic assessment

Basic eye examinations included visual acuity (VA), and
refraction OU. VA was tested on a logarithm of the mini-
mum angle of resolution (logMAR) number chart (Light-
house International) at 4 m OU. Best-corrected VA (BCVA)
was measured with the best possible correction obtained
with non-cylcoplegic auto-refraction, followed by subjective
refraction by an optometrist. The spherical and cylindrical
measurements, and the axis were documented. A logMAR
VA higher than 0.2 was considered to have failed the VA
test.

Ophthalmic investigations included OPD-Scan 111
(Nidek) to assess the keratometry (KM), central corneal
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thickness (CCT), and white-to-white (WTW) distance; the
anterior chamber depth (ACD) and axial length (AL) were
measured by AL-scan (Nidek).

2. Demographic data
Age, gender, and ethnicity were noted.
3. Questionnaire to assess associated risk factors of myopia

After signing the consent form, the parents of the sub-
jects were invited to complete a structured questionnaire.
The questionnaire consisted of information about the
subjects, mainly sociodemographic data, and habits. The
questionnaire was designed in both Chinese for Chinese
subjects, and English for non-Chinese subjects.

The questionnaire included:

— Schooling

School attending, overall results for last term, and over-
all position in last term.

— Household condition

District of residence, type of residence (Public rental
housing, Housing Society Flat for Sale Scheme flats, Pri-
vate residential flats, Other permanent housing (includ-
ing hotels, hostels and dormitories), Temporary housing
(including rooftop structures, mobile dwellings, wooden
houses and non-domestic purpose areas, or institutions),
area of the living quarters, number of households in the
quarters, number of domestic helpers, and average monthly
household income, source of income (Employment salary /
wages, Comprehensive Social Security Assistance/ Other
social Security Scheme, Family’s financial support, Invest-
ment, or No income).

— Parents (Father and mother)

Highest education level of the parents, presence of
refractive error in the parents’ eyes, and degrees of refrac-
tive errors.

— Medical history

Presence of chronic diseases, eye diseases, whether the
child was on treatment for any ocular conditions, presence
of refractive errors and age of onset, whether the child
was wearing spectacles, the age when spectacles were first
prescribed, and whether the child had regular eye checks
by an ophthalmologist/optometrist.
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— Daily activities/habits

Average daily outdoor activities’ time per day during
weekdays and weekends, age at which child started hav-
ing regular exposure to electronic screen products, average
duration of using these products each day, purpose of using
electronic screen products — for education, entertainment
and/or social function, and eye problems related to the use
of electronic screen products.

Spherical equivalent (SE) was calculated as the combi-
nation of sphere power and Y2 cylinder power. The worse
eye was defined as the eye with larger absolute value of SE
refractive error. Myopia, mild myopia, moderate myopia and
high myopia were defined as SE <—0.5D, -3.0D < SE <
-0.5D, -6.0D < SE < -3.0D and SE < -6.0 D and/or AL >
26.5mm, respectively. Hyperopia was defined as SE> 0.5D
and moderate hyperopia was defined as SE > 2D [9]. Astig-
matism was defined as cylinder of -1.00 D or less. Parental
myopia was defined whenever either right eye or left eye of
mother or father had myopia.

Data analysis

The data were presented in the form of percentage or mean
and standard deviation (SD). Data were analysed using
SPSS software (version 19.0) and the figures were gener-
ated using SPSS software and Prism Graphpad (version 6).
A two-tailed P-value of less than 0.05 was considered to be
statistically significant.

Pearson correlation was conducted to investigate the cor-
relation of eye examination values between right and left
eyes, the association of SE between the children and parents,
as well as the association between SE in the children and age
of onset. Spearman analysis was conducted to investigate the
association of ocular examination values and grades. Inde-
pendent sample t test was used to compare difference of
values between the two groups; R by C chi-square test was
used to investigate the difference of sampling distribution
from different grades. Univariate and multivariate logistic
regression was used to evaluate the risk factors for develop-
ing myopia. Odds ratios (OR) and 95% confidence intervals
(CIs) were presented.

Results
Demographic characteristics

One thousand four hundred and fifteen children from 4 pub-
lic primary schools were invited to join this study, 19 of
which declined to join. Therefore, data from 1396 children
(491 boys), with a mean age of 8.8 years (ranged from 6 to
13 years), were analysed. Boys accounted for 35.2% and

Chinese ethnicity accounted for 73.5%. The distribution
of subjects enrolled in each school was as follow: Pak Tin
Catholic Primary School (234 subjects, 125 boys [53.4%]);
S.K.H. Kei Oi Primary School (444 subjects, 171 boys
[38.5%]), St. Francis of Assisi’s Caritas School (429 sub-
jects, 110 boys [25.6%]) and Li Cheng Uk Government Pri-
mary School (289 subjects, 85 boys [29.4%]). The details of
demographic and ocular examination data in different grades
of students were shown in Table 1.

Ocular dimensions among grades, gender
and ethnicity

Since there was a high correlation in SE, AL, CCT, ACD,
KM, WTW between the right and left eyes (all r Pear-
son>0.80, P <0.0001), only the OD data was used to ana-
lyse yearly trends of AL, CCT, ACD, KM and WTW. SE
was negatively correlated with the grades while the ACD
and AL were positively correlated with grades (Fig. 1a, c
& g, all P < 0.0001). The AL, ACD and WTW in boys was
higher than in girls, while the vertical and horizontal KM
in boys were lower than in girls (Fig. la, ¢, d, e & f, all P
< 0.0001). We also compared data of Chinese (n = 1026)
and non-Chinese (n = 330) students. The difference in ocu-
lar dimensions between these 2 groups is shown in Table 2.
Chinese children had a statistically significant thinner CCT,
shallower ACD and shorter WTW distance. However, no
difference was found in SE between the two groups.

Prevalence of refractive errors
Myopia

The overall prevalence of myopia in primary school stu-
dents in Hong Kong was 37.7% (526/1396, 95%CI, [35.1%-
40.2%]) based on the worse eye SE. The prevalence of
myopia increased significantly with grades. It was 13.3%
(347255, 95%CI, [9.1%-17.5%]), 30.0%(71/237, 95%CI,
[24.1%-35.8%]), 42.7%(109/255, 95%CI, [36.6%-48.9%]),
38.1%(93/244, 95%ClI, [32.0%-44.3%]), 53.6%(120/224,
95%Cl, [47.0%-60.2%]) and 54.7% (99/181, 95%CI, [47.4%-
62.0%]) in Grade 1, 2, 3, 4, 5 and 6 respectively (Table 3,
Fig 2). There was no statistically significant difference
between the prevalence of myopia in boys and girls (39.5%,
194/491, 95%Cl, [35.2%-43.9%]) vs 36.7%, 332/905,95%ClI,
[33.5%-39.8%]), P = 0.30).

The overall prevalence of moderate myopia was 8.4%
(117/1396, 95%CI, [6.9%-9.8%]), which increased sig-
nificantly with years, from 1.6%(4/255, 95%CI, [0.4%-
4.0%]) at Grade 1 to 18.2% (33/181, 95%ClI, [12.6%-
23.9%]) at Grade 6 (Table 3). The overall prevalence of
high myopia in primary school students was 1.4%(19/1396,
95%CI1[0.8%-2.0%]), which increased from 0.94% (7/747,
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Table 1 Characteristics of demography and ocular examination in different grades

Grade 1 Grade 2 Grade 3 Grade 4 Grade 5 Grade 6 Total

Number 255 237 255 244 224 181 1396
Age, mean(SD), y 6.41(0.55) 7.57(0.72) 8.54(0.69) 9.45(0.60) 10.39(0.89) 11.36(0.61) 8.81(1.75)
Male(%) 64(25.2%) 119(50.2%) 74(29.0%) 72(29.5%) 80(35.7%) 82(45.3%) 491(35.2%)
Ethnicity
Chinese, n (%) 194(76.4%) 169(71.3%) 180(70.6%) 172(70.5%) 178(79.5%) 133(73.5%) 1026(73.5%)
VA <0.2 LogMAR
Right eye 103(40.4%) 119(50.2%) 120(47.1%) 135(55.3%) 121(54.0%) 108(59.7%) 706(50.6%)
BCVA <0.2 LogMAR
Right eye 164(64.3%) 209(88.2%) 219(85.9%) 224(91.8%) 208(92.9%) 176(97.2%) 1198(85.9%)
SE, mean(SD), diopter
Right eye 0.33(1.47) 0.04(1.19) -0.50(1.53) -0.44(1.64) -1.01(1.93) -0.97(1.60) -0.39(1.64)
Axial length, mean(SD), mm
Right eye 22.98(0.82) 23.32(0.95) 23.55(0.92) 23.66(1.02) 23.98(1.09) 23.99(0.90) 23.57(1.01)
CCT, mean(SD), um
Right eye 545.06(31.22) 557.50(28.58) 556.21(28.17) 555.33(29.53) 556.86(29.81) 558.63(33.68) 554.69(30.34)
ACD, mean(SD), um
Right eye 3.48(0.22) 3.58(0.24) 3.63(0.25) 3.65(0.24) 3.70(0.24) 3.71(0.24) 3.62(0.25)
Vertical keratometry, mean(SD)
Right eye 43.43(1.40)  43.37(1.39) 43.41(1.40) 43.43(1.33)  43.35(1.44) 43.37(1.30)  43.39(1.38)
Horizontal keratometry,

mean(SD)
Right eye 43.35(1.39)  43.31(1.38) 43.33(1.40)  43.37(1.33)  43.29(1.44) 43.32(1.30)  43.33(1.37)
WTW distance, mean(SD), mm
Right eye 545.06(31.22) 557.50(28.58) 556.21(28.17) 555.33(29.53) 555.19(30/.20) 558.63(33.68) 554.69(30.34)

SD, standard deviation; VA, visual acuity; BCVA, best corrected visual acuity; SE, spherical equivalent; CCT, central corneal thickness; ACD,
anterior chamber depth; WTW, corneal white to white distance; #, Pearson correlation

95%CI1[0.2%-1.6%]) in lower grade students (Grade 1 to
Grade 3) to 1.85% (12/649, 95%CI[0.8%-2.9]) in higher
grade students (Grade 4 to Grade 6) (Data from students
from different grades were grouped for analysis because of
the small number if analysed individually).

Awareness of refractive errors

The overall prevalence of refractive error (myopia or hypero-
pia) was 54.4% (759/1396, 95%CI [51.8%-57.0%]) among
which only 35.7% (271/759, 95%Cl, [32.3%-39.1%]) of the
parents were aware and 32.5% (247/759, 95%CI, [29.2%-
35.9%]) of the children wore glasses. Among the stu-
dents with myopia, only 40.3% (216/526, 95%CI, [36.1%-
44.5%]) of the parents knew their children had myopia
and only 39.0% (205/526, 95%CI, [34.8%-43.2%]) of the
children wore glasses. As shown in Table 4, low myopic
students had lowest awareness of their myopia, only 34.4%
(134/390), while in moderately myopic children 59.8% and
in high myopic children 63.2% were aware of their myo-
pia. As shown in table 1, only around 50% children passed
the VA test logMAR VA less than 0.2) with their current
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vision (with current spectacles if they had been prescribed
one), while around 85% children passed the VA test after
all refractive errors were corrected. At Grade 6, 97% of the
children has BCVA <0.2 LogMAR, but only around 60%
passed the VA test with uncorrected vision.

Association between myopia degree and degree
of parental refractive error

The association between the degree of myopia (SE in worse
eye) of the children and their parents, as well as its associa-
tion with the age of students and the age of onset of myopia
were analyzed. The degree of myopia in the worse eye was
negatively associated with age (Fig. 3a,r =-0.13, P = 0.003,
n = 486), suggesting that the younger the student is, the less
degree of myopia. The degree of myopia was positively asso-
ciated with the age at which myopia was initially diagnosed
(Fig. 3b,r=0.18, P = 0.013, n = 186), indicating that with
a younger age of onset, one would develop a higher degree
of myopia. However, the degree of myopia in the worse eye
of the students was not associated with the degree of refrac-
tive error in the fathers (r = 0.05, P = 0.51, n = 178) or
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Fig.1 Mean annual measures of ocular parameters. Mean annual
measures of axial length (a), CCT (b); vertical keratometry (c); hori-
zontal keratometry (d); ACD (e); WTW (f) and spherical equivalent
(g); with gender-specific sub-analyses; CCT, central corneal thick-
ness; ACD, anterior chamber depth; WTW, white to white; #, P <
0.1; *, P < 0.05; **, P < 0.01;***, P < 0.001; &, P < 0.0001

mothers (r = -0.03, P = 0.70, n = 180). We further investi-
gated whether there was any correlation between the degree
of myopia and parental myopia. With neither of the parents
having myopia, 21.30% of the students had moderate or high
myopia, whereas 30.77% of those having moderate or high
myopia, had at least one of their parents having myopia. The
difference is statistically significant (X2 =5.25, P =0.02).
Among the 19 children with high myopia, 3 failed to report
any refractive errors, 6 parents (mother or father or both) had

myopia higher than -5D, 4 parents had moderate myopia and
6 parents had no refractive errors.

Risk factors for the development of myopia

The risk factors for the presence of myopia are shown in
Table 5. In a univariate model, older children (OR, 1.42;
P = 0.000), better academic ranking in class in the preced-
ing semester (OR,1.02 [1/0.98]; P = 0.007), absence of
routine eye checks (OR, 1.92[1/0.52]; P = 0.004), younger
age of exposure to electronic devices (P = 0.004), longer
duration of using electronic screen products each day (P
= 0.005), using electronic devices for social purpose (OR,
1.59 [1/0.63]; P = 0.01) and having eye problems related to
the use of electronic screen products (OR, 3.23[1/0.31]; P
= 0.000) were associated with presence of myopia. In multi-
variate logistic regression analysis, parameters with p value
less than 0.05 in univariate analysis were put in multivariate
logistic regression as covariates. After adjusting the covari-
ates, myopia was only significantly associated with older age
(OR,1.36; P=0.01), better academic ranking in class in the
preceding semester (OR, 1.01[1/0.99]; P=0.03) and absence
of routine eye check (OR, 2.63 [1/0.38]; P=0.001).

Hyperopia

The overall prevalence of hyperopia based on the worse eye
was 16.7% (233/1396, 95%CI [14.8%-18.7%]) and the over-
all prevalence of moderate hyperopia was 1.0%(14/1396,
95% CI, [0.5%-1.5%]). The prevalence of hyperopia
decreased with school grades, from 27.5% (70/255, 95%Cl,
[21.9%-33.0%]) in grade 1 to 9.4%(17/181, 95%CI, [5.1%-
13.7%]) in grade 6 (P=0.00, Table 3).

Astigmatism

The overall prevalence of astigmatism based on the worse
eye was 28.8%. There was no difference in the prevalence
of astigmatism among different grades (P>0.05, Table 3).

Discussion
Prevalence of myopia in Hong Kong

Hong Kong is one of the regions with the highest prevalence
of myopia in the world [2, 3]. The reported overall preva-
lence of myopia in primary school students in Hong Kong
was 36.71% in 1998-2000[10] and 47.5% in 2005-2010 [2].

Ours was the largest cross-sectional study in the recent 10
years and it demonstrates the prevalence of myopia in pri-
mary school students in Hong Kong. The overall prevalence
of myopia reported at the four primary schools surveyed
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Table 2 The difference in Chinese Non-Chinese P

ocular dimensions and SE n=1026 =330

between Chinese and non-

Chinese Children Axial length, mean(SD), mm 23.55(1.04) 23.64(0.94) 0.18
CCT, mean(SD), mm 555.65(29.78) 550.55(33.34) 0.03
ACD, mean(SD), um 3.61(0.25) 3.66(0.24) 0.01
Vertical keratometry, mean(SD), um 43.41(1.38) 43.34(1.37) 0.51
Horizontal keratometry, mean(SD), um 43.35(1.37) 43.26(1.37) 0.39
WTW distance, mean(SD), mm 11.92(0.40) 12.08(0.39) 0.00
SE, mean(SD), diopter -0.39(1.55) -0.44(1.91) 0.65

SD, standard deviation; SE, spherical equivalent; CCT, central corneal thickness; ACD, anterior chamber
depth; WTW, corneal white to white distance; independent sample t test; Right eye data only

Table 3 The prevalence of myopia, moderate myopia and high myopia in primary school students in Hong Kong

Grades Myopia Moderate Myopia High Myopia Hyperopia Astigmatism
n % n % n % n % n %
Gradel 34 133% x’>=119.6 4 16% x’=787 3 12% x’=119 70 27.5% x’=408 68 26.7% x’=9.18
Grade2 71 30.0% p=0.00 5 21% p=0.00 1 04% p=0.04 51 21.5% p=0.00 60 253% p=0.10
Grade3 109 42.7% 15 59% 3 1.2% 35 13.7% 66 25.9%
Grade4 93 38.1% 20 82% 3 12% 37 152% 70 28.7%
Grade5 120 53.6% 40 17.9% 8 3.6% 23 10.3% 80 35.7%
Grade6 99 54.7% 33 182% 1 0.6% 17 9.4% 58  32.0%
Total 526 37.7% 117 8.4% 19  1.4% 233 16.7% 402 28.8%
R by C chi-square test
Fig.2 The prevalence of myo-
pia in primary school students
in Hong Kong increased signifi-
cantly with grades
uo; 60%"
ol- 0
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Table 4 Awareness of rf:fractive Myopia awareness Wear glass for myopia correction
error among students with
myopia low Myopia (n=390) 34.4% (29.6%-39.1%) 31.3% (26.7%-35.9%)
Moderate Myopia (n=117) 59.8% (50.8%-68.8%) 59.0% (49.9%-68.0%)
High myopia (n=19) 63.2% (39.3%-87.0%) 63.2% (39.3%-87.0%)
x2 28.10 33.90
p 0.0000 0.0000
R by C chi-square test
a b
r=-0.13 ’ - 2l =08

-16.00 -11.00 -6.00 -1.00

Myopia degree (Dipolar)

Age of onset of myopia

-16.00 -11.00 -6.00 -1.00

Myopia degree (Dipolar)

Fig.3 Myopia degree’s associations with age, and with age of onset of myopia in primary school students in Hong Kong. (a), The association of
myopia degree and age; (b), The association of myopia degree and the age of onset of myopia

was 37.7%, similar to a study conducted in 1998-2000 [10]
but appeared to be lower than the later study in 2005-2010
[2]. This suggests that, although the prevalence of myopia
remains high, there is a possible trend of decline. Another
study in 1991-1996 [11] followed up children from the age
of 7 (equivalent to Grade 2), until 12 years old (equivalent
to just beyond Grade 6), to evaluate the development and
progression of myopia. That study demonstrates a higher
prevalence of myopia, although the sample size was rela-
tively small, 123 subjects at baseline only, thus rendering a
possibility of selection bias. A comparison of the different
studies conducted in Hong Kong on the prevalence of myo-
pia in primary school students is summarized in Table 6.
The prevalence of moderate myopia in our study was
less than that in 1998-2000 (8.6% vs 9.5%) but the preva-
lence of high myopia remains nearly the same as in previ-
ous studies (1.4% in our study vs 1.19% in 1998-2000 [2]
and 1.8% in 2005-2010 [2, 10]). Evidence from meta anal-
ysis has demonstrated that Orthokeratology (OK lenses)
and atropine are effective in slowing the progression of
axial elongation [12, 13]. Previously, OK lenses had been
the most popular method of myopia control in Hong Kong
[14, 15]. Nowadays, after preservative-free 0.01% atro-
pine has become available, that method gained popularity
because it is free from the potential sight-threatening com-
plications of OK lenses, infective keratitis in particular.

Although environmental conditions have not changed,
there has been an increase in the use of myopia control-
ling measures, low-dose atropine eye drops in particular,
to which the decrease in myopia over the past ten years
can be attributed. Yet, the prevalence of myopia among
primary school students in Hong Kong is stil high. More
than 1 in 3 primary school students have myopia; 13% of
Grade 1 students already had developed myopia by the
time they entered school, and in Grade 6, more than half
of the students have myopia. This is significantly higher
than that reported in major cities in China, like Beijing
and Shanghai. The prevalence of myopia in Shanghai in
2016 was 3.4%, 6.0%, and 12.7% in children aged 6, 7 and
8 year olds respectively [16]. In Urban Beijing, myopia
in children aged 7 to 11 years was 11.7%, 14.6%, 31%,
37%, 46.7% respectively (data published in 2014) [17].
It is shown that the earlier the onset of myopia, the faster
the progression and the higher the chance that pathologic
myopia would develop [7, 18, 20]. The development of
high myopia was also more rapid in the period of second-
ary school at the age of around 13-18 years old [21]. If
more than half of the students already had myopia by the
end of primary school, it is likely that a high proportion
of them will develop high myopia. Pathologic myopia is
associated with sight-threatening conditions, includ-
ing atrophic maculopathy, choroidal neovascularization,
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Table 5 Associations of myopia in primary school students in Hong Kong in univariate analysis and multivariate analysis

Variables

univariate analysis

multivariate analysis

Beta OR(95% CI)

Pvalue Beta OR(95% CI) P value

Demographic variables
Age(n=1396)

Gender

Girls(n=905)
Boys(n=491)

Race
Non-Chinese(n=330)
Chinese(n=1026)
Schooling

Overall academic performance in the preceding semester (n=121)
Overall academic ranking in class in the preceding semester(n=239)

House hold condition

District of residence(n=1024, details not shown)
Type of residence (n=1310)

Public rental housing (n=743)

Housing Society Flat for Sale Scheme flats (n=56)
Private residential flats (n=431)

Other permanent housing (including hotels, hostels and dormitories)

(n=21)

Temporary housing (including rooftop structures, mobile dwellings,

wooden houses and non-domestic purpose areas) (n=55)
Institutions (n=4)

Current living quarter (n=1292)

Less than 100 sq.ft. (n=134)

100-500 sq.ft. (n=894)

500-750 sq.ft. (n=192)

750-1000 sq.ft. (n=57)

More than 1000 sq.ft. (n=15)

Number of family members younger than 9 years old (n=1265)
Number of family members older than 10 years old (n=1265)
Number of domestic helper in this quarter (n=1272)
Average monthly household income (n=1263)

Less than 10000 HKD (n=235)

10001-15000 HKD (n=302)

15001-20000 HKD (n=317)

20001-30000 HKD (n=213)

30001-40000 HKD (n=388)

More than 40000 HKD (n=108)

Parents

Highest education level of parents (n=1326)

No schooling (n=21)

Primary school (n=93)

Secondary school (n=832)

Technical / Vocational training (n=93)

Tertiary education (non-degree courses) (n=135)
Tertiary education (degree courses) (n=112)
Tertiary education (master / Ph.D courses) (n=40)
Parental myopia (n=1180)

No (n=722)

Yes (n=458)

Medical History

Presence of chronic diseases (n=1350)

No (n=1249)

0.35 1.42(1.32-1.52)

1
0.12  1.13(0.90-1.41)

1
0.01 1.01(0.78-1.30)

0.004 1.00(0.98-1.03)
-0.02  0.98(0.97-0.99)

-0.13 0.88(0.78-1.00)
-0.05 0.95(0.87-1.04)
-0.25 0.78(0.54-1.14)

1
-0.05 0.95(0.75-1.21)

.000 031 1.36(1.08-1.73) 0.01

0.30

0.96

0.78
0.007 -0.02 0.99(0.97-1.00) 0.03

0.63
0.86

0.96

0.06
0.29
0.20
0.32

0.87

0.67
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Table 5 (continued)
Variables univariate analysis multivariate analysis
Beta OR(95% CI) Pvalue Beta OR(95% CI) P value
Yes (n=101) -0.09 0.91(0.60-1.38)  0.67
Presence of eye disease (n=1350)
No (n=1295) 1
Yes (n=55) 0.40 1.49(0.83-2.70) 0.19
Current treatment for eye diseases (n=1349)
No (n=1311) 1
Yes (n=38) 041 1.50(0.74-3.05) 0.26
Eye drop usage (n=1350)
No (n=1274)
Yes (n=76) -0.02 0.98(0.61-1.57)  0.92

Regular eye checking by an ophthalmologist/optometrist
No(n=963)

Yes(n=349)

Daily activities/ habits

Age of exposure to electronic device(n=1305)

Less than 2 years old (n=190)

2-4 years old (n=502)

4-6 years old (n=376)

More than 6 years old (n=237)

Average duration of using electronic screen products each day(n=1311)
None (n=28)

Less than 1 hour (n=412)

1-2 hours (n=510)

2-3 hours (n=206)

More than 3 hours (n=155)

Using electronic devices for education purposes (n=1315)
Yes (n=611)

No (n=704)

Using electronic device for entertainment (n=1315)

Yes (n=1025)

No (n=290)

Using electronic device for social purpose (n=1315)
Yes (n=133)

No (n=1182)

Eye problems related to the use of electronic screen products (n=1313)
Yes (n=1229)

No (n=84)

Timely visiting doctor(n=1298)

Immediately (n=538)

Within 3 days (n=380)

Within 7 days (n=46)

None (n=334)

Weekday outdoor activity time (n=1119)

Weekend outdoor activity time (n=1119)

1
20.65 0.52(0.41-0.67) 0.000  -1.00 0.38(0.21-0.69) 0.001

-0.60 1 0.02 0.88
-0.37  0.55(0.37-0.82)  0.003
-0.33  0.69(0.50-0.95)  0.02

0.72(0.52-0.997) 0.048

-1.98 1 0.005 0.70
-0.14  0.14(0.03-0.60)  0.008
020 0.87(0.59-1.27) 0.46
0.19  1.22(0.84-1.77)  0.29
1.21(0.79-1.85)  0.39

1
-0.04 0.96(0.77-1.20)  0.72

1

-0.27 0.76(0.58-1.00)  0.06

-0.47 0.63(0.44-0.90) 0.01 0.57 1.78(0.69-4.57) 0.23

1

-1.17  0.31(0.20-0.50)  0.000 -0.51 0.6(0.17-2.09) 0.42
0.80

0.06 1.10(0.97-1.25) 0.14
-0.03  0.97(0.90-1.05)  0.50

OR, odds ratio; CI, confidence interval; HKD: Hong Kong dollar; sq.ft: square foot

and retinal detachment. Higher SE, longer AL and older
age were found to be risk factors of pathologic myopia
[22, 23]. If almost 4% of myopic primary school children
already have high myopia at a young age, we can foresee a

high chance of them developing sight threatening compli-
cations later in life. Early intervention of myopia control
in this group of children should be promoted, particularly
in those with myopia onset at a younger age.
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Table 6 The prevalence of myopia in Hong Kong by published studies

Year Study design Sample size Age(years old)/Grades
Overall 6 7 8 9 10 11 12
1991-1996[11] Longitudinal study 123 / / 11% 19% 24% 35% 45% 55%
(7-12years)
1998-2000[10] Cross-sectional survey and 7560 36.7% 17% 289% 375% 43.1% 482%  53.1%
longitudinal study (5-16 years) (6 years) (=11 years)
2005-2010[2]  Cross-sectional study 2651 475% 17.6% 26.4%  45% 498% 57.6%  60.1% 57.7%
(6-12 years)
2017-2018" Cross-sectional study 1396 377% 13.3% 30.0% 42.7% 381% 53.6%  54.7% /
This study (6-13 years) Grade 1 Grade 2 Grade3 Grade4 Grade5 Grade6

* In this study, the students were classified according to the grades. Grade 1,2,3,4,5,6 roughly equal to 6,7,8,9,10,11 years old respectively

Awareness of refractive errors

WHO estimates that 12.8 million children aged 5-15 years
are visually impaired from uncorrected or inadequately cor-
rected refractive errors worldwide [24] In Hong Kong, it
is also worrying that a significant proportion of the chil-
dren who ought to be wearing spectacles, are not doing so.
Only around 50% children passed the VA test without cor-
rection, whereas, with proper correction, 85% did pass the
VA test. Hence, given sufficient spectacle correction 35%
of the students could have improved vision. Globally, the
main factors for non-correction of refractive errors include
lack of awareness, non-availability and/or non-affordability
of ocular examination, non-affordability of corrective lenses
as well as cultural issues [24]. In Hong Kong, optometrists
and opticians are readily available and the price of correc-
tive lenses is affordable. Therefore, lack of awareness of the
need for refrective correction may be the major contributing
factors. Our results show that among children with myopia,
only 19.4 % of the parents knew their children had refractive
errors and only 17.7% of the children wore glasses. There
is also a misconception by parents that, once the children
start wearing glasses, the degree of myopia would progress
more rapidly. Therefore, even if they are told their children
need glasses, many of the parents are reluctant to have their
children wear glasses. This is especially a problem with
children below the age of 8 years, because of the chance
of amblyopia if they are not provided with proper glasses.
Moreover, undercorrection of myopia might affect the aca-
demic performance of the students, since they may not be
able to see the blackboard or screen clearly. They may not
be able to focus and tend to be distracted from the teaching.
Parents’ education should emphasize that the importance
of optimal correction of their children’s vision, especially
before the age when amblyopia may develop. In addition, the
children, especially those in lower grades, might not be able
to inform the grown ups of their difficulties. Parents need to
have their children get regular eye checks to screen for any
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refractive errors, and to correct them in time. Amblyopia is
potentially reversible if detected early, but the number of
cases will only increase if there will be no improvement in
the current situation.

Age and parental factors’ influence on myopia
prevalence

The degree of myopia in the worse eye was positively asso-
ciated with age at which myopia was initially diagnosed,
indicating that the younger the age of onset, the higher the
degree of myopia [18, 19, 20]. This was in line with our
regression analysis that the prevalence of myopia is signifi-
cantly associated with older age. Hence, treatment would
start at as young an age as possible so that the development
of myopia can be arrested at its inception.

It is believed that myopia is caused by a combination
of genetic and environmental factors. However, there are
also suggestions that the hereditary factors transmitted
from parents to children affect ocular dimensions, such
as AL, corneal radius, ACD, rather than refraction [25].
Whether parental myopia is associated with myopia in chil-
dren remains controversial. Some studies demonstrate that
parental myopia was linked to myopia in their children [26,
271, while others did not identify any association. Similar
to some previous studies [25, 28], our study shows that the
degree of parental refractive error is not associated with
myopia degree in the children. However, as the information
of parental refractive error was by self-reported question-
naire, there was possibly some discrepany between their
exact refractive error compared to that reported. Although
1180 parents reported a refractive status, only 180 parents
reported the exact degree of their refractive error.

Nonetheless, we identified a higher proportion of moder-
ate or high myopia in children with parental myopia, sug-
gesting that children with parental myopia were more likely
to develop moderate or high myopia. In the 16 children with
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high myopia who reported their degree of myopia, 6 had at
least one parent with high myopia.

Risk factors for the presence of myopia
Use of electronic devices by children

The use of electronic devices is common among primary
school students. Apart from social reasons, many require
electronic devices for school work. The effect of near work
on myopia development has been extensively studied for
years. However, the results are inconsistent. Some stud-
ies suggest longer time of near work increases the risk of
myopia development or progression [29, 30], while others
do not. A study of 835 myopic children reports that near
work including studying, watching TV, using computers
or playing games did not increase the risk of myopia pro-
gression [31]. Results from the Sydney Myopia Study on
1781 year-7 children do not suggest a correlation between
near work and myopia progression [32]. In Lin et al’s study,
although myopic children were found to spend more time
on near work, the results from multiple logistic regression
do not suggest any correlation between near work and myo-
pia [33]. In our study, univariate analysis showed age of
exposure to electronic devices had an additional 19%, and
average duration of using electronic screen products each
day a 13% risk of myopia development. On the other hand,
not using electronic devices for social purpose and absence
of eye problems related to the use of electronic screen have
37% (P = 0.06) and 69% risk reduction in myopia develop-
ment. However, these parameters were not associated with
the myopia development after adjustment for confounding
variables in the multiple logistic regression, suggesting that
they were not independent risk factors for myopia develop-
ment. Most of the students reported a daily use of electronic
devices of less than 2 hours. If the schools are to advocate
the use of electronic devices for teaching and assignments,
the children will likely need to use the devices for more
than 2 hours a day. Whether long use of electronic devices
might impose a negative impact on ocular health will require
further evaluation.

Outdoor activities

Most recent studies demonstrate that outdoor activity time
helps prevent myopia onset and progression [34, 35]. This
was not observed in our study. However, in the original
questionnaire, 97 children reported that their average daily
outdoor activity time on weekdays is > 4 hours (some even
up to more than 8 hours) and 103 children reported that
their average daily outdoor activity time on weekends is >
6 hours. This is probably due to a misunderstanding on the
children’s part as, considering the education system in Hong

Kong, it is impossible for a child to spend these long hours
outdoors. We suspect that some children confused the daily
outdoor activity time with total outdoor activity time per
week. We have excluded the data of > 4 hours (n = 97) of
daily outdoor activities on weekdays and > 6 hours (n =
103) on weekends from the analysis. After excluding the
unlikely data, univariate analysis showed that weekday out-
door activity time, OR 1.10 (P = 0.14) and weekend outdoor
activity time, OR 0.97 (P = 0.50), were not associated with
presence of myopia.

Older age, absence of routine eye check and better aca-
demic ranking in class in the preceding semester were inde-
pendent risk factors for the presence of myopia in Hong
Kong

In this study, multivariate analysis showed the independ-
ent risk factors for the myopia onset to be older age, lack of
routine eye check and better academic ranking in class in the
preceding semester. As in previous studies [7, 36, 37] chil-
dren of older age had a higher risk of myopia development.
In addition, our study was the first to report that routine eye
checks are associated with a lower risk of myopia develop-
ment in 63% of cases. This might be because parents with
higher awareness to children’s eye health would be more
interested in taking the necessary steps to prevent myopia
development. In addition, early intervention, such as wear-
ing appropriate corrective eyewear, using orthokeratology
lenses or 0.01% atropine, would be helpful in halting myopia
development and progression [38, 39]. In addition, this study
also suggests that better academic ranking in class during
the preceding semester was associated with a higher risk of
myopia development (P = 0.03). Children with better aca-
demic performance in general devote more time to revision
and studying, which involves near work. This can result in
myopia progression. However, we had not explored in this
study whether near work was associated with myopia devel-
opment. In addition, since the OR was only 1.01(1/0.99)
(95% CI [1.00-1.03(1/0.97)]), although there is a statistical
significance, whether this result indicates any clinical values
should be verified by future work.

Limitations of this study

The limitations of our study include a possibility of sam-
pling error as the data were collected from 4 public primary
students in Sham Shui Po district. Traditionally, there is a
higher proportion of residents from lower socioeconomic
classes in this district. Myopia was found to be related to the
socioeconomic status [40], so this particular population may
not be representative of the entire Hong Kong population.
However, this serves as a pilot study, and we can extend it by
collecting data from primary schools from different districts
in Hong Kong. In addition, the refractive error was deter-
mined based on non-cycloplegic refraction. Therefore, the
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myopia prevalence and the myopia degree might be overesti-
mated in this study. Furthermore, the questionnaires depend
on self-reporting from parents. There are some missing data,
and the information they provide might not be completely
accurate. In future studies, the refractive status of the parents
can also be measured, which would likely give more reliable
results.

To conclude, our results show that there was a high preva-
lence of myopia among primary school students, and the
prevalence increased with age. Despite the accessibility of
eye-care service across Hong Kong, around two-thirds of
the children and their parents were not aware of the chil-
dren’s refractive errors, and many of them could have had
vision improved with appropriate corrective glasses. This
highlights the importance of regular eye checks. At the same
time, 3% of parents were reluctant to prescribe glasses for
their children even if they were aware of them having refrac-
tive error. This indicates that more public education may be
required to clear the misconception among the population.
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