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ABSTRACT

Background: To assess the prevalence of vision
impairment and refractive error in school children
12-15 years of age in Ba Ria — Vung Tau province,
Vietnam.

Design: Prospective, cross-sectional study.
Participants: 2238 secondary school children.

Methods: Subjects were selected based on stratified
multistage cluster sampling of 13 secondary schools
from urban, rural and semi-urban areas. The exami-
nation included visual acuity measurements, ocular
motility evaluation, cycloplegic autorefraction, and
examination of the external eye, anterior segment,
media and fundus.

Main Outcome Measures: Visual acuity and principal
cause of vision impairment.

Results: The prevalence of uncorrected and present-
ing visual acuity <6/12 in the better eye were 19.4%
(95% confidence interval, 12.5-26.3) and 12.2%
(95% confidence interval, 8.8-15.6), respectively.
Refractive error was the cause of vision impairment
in 92.7%, amblyopia in 2.2%, cataract in 0.7%,

retinal disorders in 0.4%, other causes in 1.5% and
unexplained causes in the remaining 2.6%. The
prevalence of vision impairment due to myopia in
either eye (-0.50 diopter or greater) was 20.4%
(95% confidence interval, 12.8-28.0), hyperopia
(22.00 D) was 0.4% (95% confidence interval, 0.0—
0.7) and emmetropia with astigmatism (=0.75 D)
was 0.7% (95% confidence interval, 0.2-1.2). Vision
impairment due to myopia was associated with
higher school grade and increased time spent reading
and working on a computer.

Conclusions: Uncorrected refractive error, particu-
larly myopia, among secondary school children in
Vietnam is a major public health problem. School-
based eye health initiative such as refractive error
screening is warranted to reduce vision impairment.

Key words: prevalence, refractive error, school chil-
dren, vision impairment, Vietnam.

INTRODUCTION

Childhood blindness and refractive error (RE) are
the major priorities of the global initiative ‘Vision
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2020: The Right to Sight’.! Uncorrected RE is the
leading global cause of vision impairment (VI) and
the second most common cause of blindness.”? A
series of Refractive Error Study in Children (RESC)
surveys, both population based** and school
based,!'"!* conducted in several countries identified
myopia as a major public health problem for differ-
ent ethnic origins and cultural settings.

Studies have documented a high prevalence of
myopia among Asian children, particularly in urban
settings,*!*'*'7 compared with non-Asian popula-
tions.”” Studies from Australia have also reported
high prevalences of myopia in populations of East
Asian and South Asian descent,'®**° suggesting that
race/ethnicity could be a factor. In addition, an
association between myopia and its progression
with genetic and environmental factors has been
established; however, the precise nature of this
gene—environment interaction is still unclear.?!
Environmental factors such as prolonged indoor
and near activities are known to be associated with
myopia,**2® and outdoor activities are reported to
have a significant protective effect.”’

Vietnam, with a population of over 85 million
(85.8% of whom belong to the Kinh ethnic group), is
a developing country located in South-East Asia. In
2010, its Human Development Index ranking was
128 out of 187 countries, with health indicators such
as an under-five mortality rate of 23 and an average
life expectancy at birth of 75 years.”® Uncorrected RE
(36.4%) is the major cause of childhood blindness in
Vietnam.* School screening data collated by the Ho
Chi Minh eye hospital between 2005 and 2007
showed a high prevalence (39.4%) of RE (both cor-
rected and uncorrected) in primary and secondary
school children.?® According to the Vietnam National
Plan for Blindness Prevention and Eye Care, RE is
estimated to affect 15-20% Vietnamese children (a
majority with uncorrected RE), and thus RE correc-
tion is reported as one of the priorities in national
plan.?!

Till date, no RESC studies have reported the
prevalence of RE in school children in Vietnam. The
present study was therefore conducted to identify
the prevalence of VI from all causes and specifically
due to RE. This study is also intended to determine
the difference in the prevalence rates between urban
and rural locations, as well as association of myopia
with environmental factors such as time spent on
indoor/outdoor activities.

METHODS
Study design

The study was a cross-sectional, school-based survey
of VI and RE in children from Ba Ria — Vung Tau

(BRVT) province, Vietnam. The study focused on
lower secondary school children in the 12-15 years
age range, ensuring that the data could be compared
with results of school-based RESC studies from
other Asian countries. Given that the gross school
enrolment rate for lower secondary school (6-9
grades) in Vietnam was 92 % in the school year 2007/
2008°* and school attendance rates are generally high
in this age range, a sample representative from the
school populations of BRVT province was consid-
ered an appropriate representation of the specific age
range. BRVT is located on the coast of country’s
southeastern region, approximately 65 km from Ho
Chi Minh City. The standard RESC protocol and data
collection instruments were used to collect data and
necessary information.*

Sample selection

The study sample was obtained through stratified
multistage cluster sampling. The sample size was
estimated for a grade-specific prevalence of RE of
25% with a 20% error bound (25 +5%). Prior
studies within the geographical region were taken
into consideration to arrive at the anticipated preva-
lence.''*?° The sample size was adjusted for an
anticipated 20% non-response and absenteeism rate
and a design effect of 1.5 to arrive at the required
minimum sample size of 2200 children, equally dis-
tributed between four school grades. The sampling
design included stratification at the urban/rural and
semi-urban areas. The stratification was proportion-
ate to population size. For the multistage cluster
sampling design, the school was the primary sam-
pling unit. A total of 13 schools (17% of all schools)
were randomly selected from a sampling frame of the
78 public secondary schools (n =59 212 children)
obtained from the Ministry of Education and Train-
ing. There are no private secondary schools in the
BRVT province. The study sample consisted of six
schools from urban, two from semi-urban and five
from rural areas. Within each school, the class was
the second stage clustering unit. One to two classes
of each grade were randomly selected from each
school grade of 6-9, with a minimum cluster size of
40. All students within a class were invited to par-
ticipate. If the minimum sample of 40 was not
achieved from the first class, students from the
second selected class were used to attain the required
sample size. For this, every second or third student
starting from the first child in a class register was
included until we reached the desired cluster sample
size.

Informed consent and ethics approval

A project ophthalmologist (NVG) contacted the
principal of the selected schools by prescheduled
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meeting or phone and received consent prior to com-
mencement of the study. None of the principals of the
selected schools refused to participate. An invitation
to participate in the study and an informed consent
document for parents/guardians was sent home with
each child from the enumerated classes of each grade.
Children whose parents gave signed consent for an
examination under full cycloplegic dilation were
included.

Ethics approval was obtained from the Vision
Cooperative Research Centre and Institute for Eye
Research Human Research Ethics Committee in
Australia, and approval was also obtained from the
Vietnam Institute of Ophthalmology and BRVT
Provincial Eye Center in Vietnam.

Ocular examinations

Examinations were performed by one clinical team
comprising two optometrists, two refractionists, two
ophthalmic nurses and two ophthalmologists. An
additional ophthalmologist participated in quality
assurance, and a further two ophthalmic nurses
administered the myopia risk factors questionnaire.

The study team underwent training for the RESC
study, and a pilot study was arranged in a separate
school for familiarization with the study protocol,
equipment use, measurement methods, and data col-
lection forms and data entry. Cohen’s kappa statistic
method was used to find the agreement between
the two examiners for each ocular finding, and the
agreement was satisfactory (kappa, 0.71-0.82). The
examinations took place between November and
December 2011 at stations set up in each school.
The examination included visual acuity (VA) meas-
urements, ocular motility evaluation, cycloplegic
autorefraction, subjective refraction and examination
of the external eye, anterior segment, media and
fundus.

Ophthalmic nurses measured VA at 4 m using a
retroilluminated logarithm of the minimum angle of
resolution chart with tumbling-E optotypes (Preci-
sion Vision, La Salle, IL, USA). For those presenting
with spectacles, VA was measured with their specta-
cles (presenting VA) and without spectacles (uncor-
rected VA).

Binocular motor function was assessed by oph-
thalmologists with a cover test at both 0.5 and 4.0 m.
Corneal light reflex was used to estimate the degree
of deviation. The anterior segment (eyelid, conjunc-
tiva, cornea, iris and pupil) was examined by the
ophthalmologist with a flashlight.

For children with unaided VA 6/12 or worse in
either eye, two drops of 1% cyclopentolate were
administered 5 min apart to each eye. After an addi-
tional 15 min, if a pupillary light reflex was still
present when observed with a bright flashlight

© 2013 The Authors

without magnification, a third drop was adminis-
tered. Cycloplegia and pupillary dilation were
evaluated by an optometrist after an additional
15 min. Pupils were considered fully dilated if 6 mm
or greater, and cycloplegia was considered complete
if pupillary light reflex was absent. The optometrist
performed refraction with a handheld autorefractor
(Retinomax K Plus, Righton, Tokyo, Japan) that was
calibrated daily. Subjective refraction was performed
by refractionists on children with uncorrected VA
<6/12 in either eye.

Examination of the lens, vitreous and fundus was
performed by the ophthalmologist, after cycloplegic
dilation, with a direct ophthalmoscope. A principal
cause of VI was determined for eyes with uncor-
rected visual acuity <6/12. RE was routinely
assigned as the cause for eyes improving to >6/9.5
with subjective refractive correction. Amblyopia was
considered the cause of impairment in eyes with
best-corrected VA <6/12 and no apparent organic
lesion if one or more of the following criteria were
met: (i) esotropia, exotropia or vertical tropia at 4 m
fixation or exotropia or vertical tropia at 0.5 m;
(ii) anisometropia of 2.00 dioptre (D) or more; and
(iii) bilateral ametropia of at least +6.00 D.

Children with vision <6/12 in one or both eyes and
improving with refractive correction were provided
with free spectacles in a second visit to schools. Chil-
dren requiring further diagnostic tests or medical
treatment were referred to nearest eye hospital.

A child RE risk factor questionnaire (supporting
information) translated to Vietnamese language was
administered to each child participant by two trained
ophthalmic nurses. The questions were about how
long each child spent during a typical school day and
weekend engaged in indoor and outdoor activities.
Children provided information about total indoor
and outdoor hours they spend, and specific details
about time spent on indoor and outdoor activities
such as reading, computer, sports and physical exer-
cise during school hours.

Data analysis

Review for accuracy and completeness of data forms
was done in the field before computer data entry.
Data from the record forms were entered by a data
entry operator daily into a Microsoft Excel database
(Microsoft Corporation, Redmond, WA, USA). Data
entries were later validated by range checks on the
variables and outliers rechecked for possible data
entry errors.

VA was categorized into normal/near normal (VA
>6/9.5), low vision (VA <6/12 to >6/120) and blind
(VA <6/120). The prevalence of VI was calculated
based on uncorrected VA and presenting VA of 6/12
or worse in the better eye. The principal cause of VI
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assigned by the ophthalmologists was categorized on
World Health Organization’s datasheets.

The prevalence of VI due to RE was calculated
based on uncorrected VA of 6/12 or worse in one or
both eyes. Myopia was defined as the spherical
equivalent of at least —0.50 D and hyperopia as
+2.00 D or more. Children were considered myopic
if one or both eyes were myopic, and hyperopic if
one or both eyes were hyperopic, as long as neither
eye was myopic. Children who were vision impaired
due to astigmatism (-0.75 D or more) but had
emmetropia when spherical equivalent conversion
was considered were identified as emmetropic with
astigmatism. Children with normal/near-normal
vision in both eyes were considered emmetropes as
the RE data were not collected. The total number of
children with myopia, hyperopia and emmetropia
with astigmatism in one or both eyes represent the
total need for correction.

Statistical analyses were performed using SPSS
version 19.0 (SPSS Inc., Chicago, IL, USA) and Stata
version 10 (StataCorp, College Station, TX, USA).
Frequency distributions and point prevalence esti-
mates of the visual outcomes for the overall sample
and various demographic categories are reported.
The variance and the associated 95% confidence
interval (CI) were estimated based on a multistage
cluster design sample, with the individual schools
defined as the primary sampling unit. Taylor
linearization was used for variance estimation.** The
association of demographic factors such as age,
gender, grade level and locality (urban/semi-urban/
rural) with myopic VI compared with emmetropes
was explored with logistic regression with robust
standard error. Similarly, questionnaire-based data
on time spent on indoor and outdoor activities was
compared between myopes and emmetropes using
logistic regression analysis. For this analysis, activity
time was coded as number of hours per week, where
hours less than 1 was coded as 0.5 and ‘not at all” as
0. The total hours spent per week for each activity
was calculated as the summation of weekday hours
multiplied by 5 and weekend hours multiplied by 2.

RESULTS

A total of 2238 children were examined from 13
secondary schools in the BRVT province between
November and December 2011. Distribution of age,
gender, grade and locality of the examined children
are shown in Table 1. Grade-specific information
about children in the selected 13 schools and the
study sample is presented in Table 2.

VA

VA findings are presented in Table 3. A total of 1965
children (87.8%) presented with normal or near-

Table 1. Demographic characteristics of lower secondary
school children

Examined Total children
children, n (%) in BRVT, n (%)
Age (in years) (mean 13.1 £ 1.0)
12 835 (37.3) NA
13 611 (27.3) NA
14 539 (24.1) NA
15 253 (11.3) NA
Gender
Male 1032 (46.1) 30,347 (50.6%)
Female 1206 (53.9) 29,577 (49.4%)
Grade
6th 556 (24.8) 15,946 (26.6%)
7th 554 (24.8) 14,228 (23.7%)
8th 560 (25.0) 15,164 (25.3%)
9th 568 (25.4) 14,586 (24.3%)
Locality
Urban 1040 (46.5) 27,965 (46.7%)
Semi-urban 335 (15.0) 9,037 (15.1%)
Rural 863 (38.6) 22,922 (38.2%)
Total 2238 (100%) 59,924 (100%)

BVRT, Ba Ria — Vung Tau; NA, not available.

normal vision (26/9.5) in the better eye. Of these,
161 (8.2%) were wearing spectacles. A total of 434
(19.4%) children had uncorrected VA of <6/12 in
both eyes, with 71 (3.2% of the total) blind. The
prevalence of VI (presenting vision <6/12 in the
better eye) was 12.2 % (95% CI, 8.8-15.6; 271 chil-
dren), including six blind children. None of them
were attending special schools. We found that with
best-corrected VA, no one had blindness.

Binocular motor function

Tropia was observed in three (0.1%) children: one
had esotropia, 15-30 degrees, at both near and dis-
tance fixation. The second had esotropia, <15 degrees
at both near and distance fixation, and the third child
had esotropia, 15-30 degrees at near and <15 degrees
at distance fixation.

Causes of VI

The causes of presenting and uncorrected VA of 6/12
or worse in the better eye are presented in Table 4.
RE was the main cause of VI, with 92.7% (253/273)
of the vision-impaired children. Amblyopia was the
cause of VI in 2.2%. Other causes of VI were less
common in this population.

Prevalence of VI due to RE in one or both eyes
was evaluated based on cycloplegic autorefraction
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Table 2. Grade-specific information about school children and the study sample

School grades Total children in Size of selected classes, Examined Consent rate in
13 schools, n 1st class + 2nd class = total children, n 1st class (%)
6th 3831 484 + 475 = 959 556 360/484 (74.3)
7th 5878 438 + 446 = 884 554 323/438 (73.7)
8th 2769 419 + 408 = 827 560 324/419 (77.3)
9th 2964 384 + 358 =742 568 321/384 (83.5)
Total 12,887 1,725 + 1,687 = 3,412 2,238 1328/1725 (77.0)

fAttendance rate was above 95% in each school.

Table 3. Distribution of uncorrected and presenting visual acuity

Category

Uncorrected VA

Presenting VA

n (%, 95% Cl) n (%, 95% Cl)

Normal (>6/9.5 both eyes)

Low vision (£6/12 to >6/120 better eye)
Blind (<6/120 better eye)

Total vision impairment (low vision + blind)

1804 (80.6; 73.7-87.5)

363 (16.2; 10.5-22.0)
71 (3.2; 1.7-4.6)

434 (19.4; 12.5-26.3)

1965 (87.8; 84.4-91.2)
267 (11.9; 8.6-15.3)
6 (0.3; 0.1-0.5)
273 (12.2; 8.8-15.6)

Cl, confidence interval; VA, visual acuity.

Table 4. Causes of vision impairment (<6/12 in better eye)

Causes Presenting VA Uncorrected VA
n (%) n (%)
Refractive errort 253 (92.7) 414 (95.4)
Amblyopia* 6(2.2) 6 (1.4)
Cataract 2(0.7) 2 (0.5)
Retinal disorder 1(0.4) 1(0.2)
Other causes 4(1.5) 4(0.9)
Unexplained cause 7 (2.6) 7 (1.6)
Any cause 273 (100.0) 434 (100.0)

fAssigned as the cause of reduced vision for all eyes correct-
ing to better than 6/12 with subjective refraction, even if other
contributing pathology was present. *fAmblyopia was cause of
reduced vision because of anisometropia and bilateral ametro-
pia. No child had strabismic amblyopia. VA, visual acuity.

readings (Table 5). Prevalence of VI due to myopia,
hyperopia and emmetropia with astigmatism was
20.4% (95% CI, 12.8-28.0; 456 children), 0.4% (95%
CI, 0.0-0.7; 8 children) and 0.7% (95% CI, 0.2-1.2;
16 children), respectively. The prevalence of VI due
to myopia showed an increasing trend from 19.2%
in 12 years aged children to 22.8% in 14 years and
20.9% in children aged 15 years. Because of the
grade-based sampling method, proportions of chil-
dren skewed towards the younger age groups.
However, the gender balance was not affected in
either group. For instance, the proportions of males
ranged from 46.0% in 12 years to 47.8% in 15 years
age group. Myopia rate was higher among females,
and hyperopia was higher among males. Similarly,
myopia was higher in urban schools (26.6%) com-
pared with semi-urban (11.3%) and rural schools

© 2013 The Authors

(16.3%). Prevalence of emmetropia with astigma-
tism was 0.7%, and the prevalence of VI due to
hyperopia was 0.4%.

Of 480 children who needed RE correction in one
or both eyes, 161 (33.5%) presented with their spec-
tacles. Need of spectacles was higher among females
and children in higher grades. A higher proportion
of vision-impaired children in wurban locality
(18.0%) had no refractive correction compared with
those in rural (13.9%) and semi-urban (9.3%) areas.

The multivariate logistic regression analysis
showed that the prevalence of VI due to myopia
compared with emmetropes was significantly asso-
ciated with increasing grade and urban locality
(Table 6). Females were at a higher risk of myopia
(22.4% vs. 18.0%); however, gender did not reach
statistical significance in the multivariate model,
which accounted for the multistage cluster sampling
design. Grade showed a significant association with
myopic VI, in particular with 8th (odds ratio [OR]
1.3, P=0.04) and 9th school grades (OR 1.6,
P <0.001) compared with 6th grade. The likelihood
of VI due to myopia decreased by half or more in
children enrolled in rural (OR 0.5) and semi-urban
schools (OR 0.4) compared with those in urban
schools. When rural and semi-urban were combined,
the risk of myopia was twice in the urban areas
compared with non-urban areas (OR 2.1, 95% CI:
1.0-4.4, P = 0.054).

The activity questionnaire administered to chil-
dren provided a weekly estimate of hours spent on
various indoor and outdoor activities. Table 7 shows
the summary of hours spent per week by myopes
and emmetropes. The data suggest that on average,
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Table 5. Prevalence of vision impairment due to refractive error (one or both eyes) by age, gender, grade and locality

Category Total No Myopia Hyperopia Emmetropia with Total need for
screened n (%) n (%) astigmatism? correction
n (%) n (%)
Age (years)
12 835 160 (19.2) 3(0.4) 5 (0.6) 168 (20.1)
13 611 120 (19.6) 3(0.5) 1(0.2) 124 (20.3)
14 539 123 (22.8) 2 (0.4) 7 (1.3) 132 (24.5)
15 253 3 (20.9) 0 3(1.2) 6 (22.1)
Gender
Male 1032 186 (18.0) 6 (0.6) 5 (0.5) 197 (19.1)
Female 1206 270 (22.4) 2(0.2) 11 (0.9) 283 (23.5)
Grade
6th 556 3 (16.7) 3(0.5) 2 (0.4) 98 (17.6)
7th 554 106 (19.1) 2 (0.4) 5(0.9) 113 (20.4)
8th 560 116 (20.7) 2 (0.4) 4(0.7) 122 (21.8)
oth 568 141 (24.8) 1(0.2) 5(0.9) 147 (25.9)
Locality
Urban 1040 277 (26.6) 3(0.3) 6 (0.6) 286 (27.5)
Semi-urban 335 8 (11.3) 1(0.3) 1(0.3) 40 (11.9)
Rural 863 141 (16.3) 4(0.5) 9 (1.0) 154 (17.8)
Total 2238 456 (20.4) 8 (0.4) 16 (0.7) 480 (21.4)

(95% Cl, 12.8 to 28.0)

(95% Cl, 0.0 to 0.7)

(95% Cl, 0.2-1.2) (95% Cl, 13.5-29.4)

fChildren who were vision impaired because of astigmatism (-0.75 D or more) but had emmetropia when spherical equivalent

conversion used. Cl, confidence interval.

Table 6. Multivariate logistic regression for myopic vision
impairment (one or both eyes) with grade, gender and locality

Category Odds ratio, 95% Cl P-value
(adjusted)
Grade
6th Reference
7th 1.2;0.8-1.7 0.362
8th 1.3;1.0-1.7 0.036
9th 1.6; 1.3-2.1 <0.001
Gender
Male Reference
Female 1.3;0.9-1.8 0.142
Locality
Urban Reference
Semi-urban 0.4;0.2-0.6 0.001
Rural 0.5;0.2-1.2 0.133

Bold italic values refer to statistical significance. Cl, confi-
dence interval.

myopes spent more hours on indoor activities (4.2 h
more per school week, P < 0.001) and less time on
outdoor activities (1.9 h less per school week,
P <0.001) compared with emmetropes. This was
subject to multivariate analysis, which showed that
myopia was significantly associated with hours
spent on indoor activities (Table 8). Analysis of the
activity times showed that increased reading hours
and computer hours were associated with myopia,
and increased outdoor hours had a protective effect
for myopia.

DiscussiON

This study aimed to assess the prevalence of VI
and RE in school children aged between 12 and 15 in
the BRVT province, Vietnam. The RESC findings,
which are reported for the first time in this region,
showed that VI is a common school health problem
in the BRVT province. The prevalence of presenting
VI (12.2%) is higher than that of any other RESC
studies, except studies from rural southern China.'**
Similar to the findings of most RESC studies, uncor-
rected RE accounted the major cause of VI (92.7%) in
the present study. The high burden of VI due to
uncorrected RE among secondary school children in
BRVT province suggests that RE screening should be
an immediate intervention in schools.

The prevalence of uncorrected VI due to RE in one
or both eyes was 21.4% (480/2238) in the present
study. This is higher than that reported by other
school-based studies conducted in similar age group
such as Cambodia,'* Fiji,"> Australia,'®* Nepal,*
Iran,’**” Tanzania,*® Ethiopia*® and Ireland.** Two
studies from southern China reported exceptionally
high prevalence of VI with RE.'"”'* This can partly
be attributed to the larger age range, with myopia
increasing with age, and secondly to the study
design where all children were refracted. In contrast
to the high prevalence of VI due to RE in the present
study, an RESC survey from Cambodia reported a
very low prevalence of 3.3% in a similar age range.
Geographically, the location of this study is in close
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Table 7. Summary of hours spent per week by myopes and emmetropes

Activities Emmetropes Myopes P-value

Mean (SD) h/week Mean (SD) h/week

Indoor hours 49.0 (16.3) 53.2 (15.0) 0.000
Indoor reading hours 15.4 (8.0) 18.2 (8.3) 0.000
Indoor computer hours 4.3 (6.4) 4.9 (6.5) 0.077
Indoor TV/movie hours 12.5(7.1) 11.9 (6.6) 0.129
Indoor sports hours 0.7 (2.1) 0.8 (2.2) 0.526
Outdoor hours 15.1 (7.1) 13.2 (6.4) 0.000
Outdoor sports hours 45 (5.0) 4.0 (4.4) 0.036

Bold italic values refer to statistical significance. SD, standard deviation.

Table 8. Multivariate logistic regression for factors associated
with myopic vision impairment (one or both eyes)

Activities (h/week) Odds ratio, 95% ClI P-value
(adjusted)

Outdoor hours 0.96; 0.94-0.98 0.000

Indoor reading hours 1.05; 1.03-1.06 0.000

Indoor computer hours 1.02; 1.00-1.04 0.022

Bold italic values refer to statistical significance. Cl, confi-
dence interval.

proximity to Cambodia. The reasons for the signifi-
cant differences in prevalence remain speculative.
Some of the reasons for the observed differences may
be attributed to the amount of near work exposed to
the children in the two countries. The lower second-
ary curriculum and textbooks in Vietnam focuses
more on forming the skills of individual learning,
researching issues and problem solving, which pos-
sibly engage children in high levels near-work activ-
ities. In contrast, basic education with a breadth of
knowledge and skills are taught in Cambodia to
enable them to pursue higher or vocational studies
and participate in social life.>> Another speculative
reason may be attributed to the genetic influences
from varying ethnicities. The Vietnamese population
comprises 85% Kinh ethnic group, which has been
postulated to have a close genetic relationship with
the Chinese and oriental populations.*! In contrast,
Cambodian population comprises 92% Khmer
ethnic group. It is commonly thought that Khmer
people originated from people that migrated from
Southern India in the first century AD.** Differ-
ence in ethnicities has also been attributed to an
exceptionally low prevalence of RE in younger Lao
population.*

Similar to the findings of the RESC surveys,
myopia is the main cause of VI in school children in
Vietnam. However, VI due to hyperopia was very rare
(0.4%) in this sample population. The low prevalence
of hyperopia could be attributed to the consequence
of mild hyperopia and emmetropia present in their
primary school age, which proportionately shift to

© 2013 The Authors

emmetropia and myopia respectively in secondary
school age.** It could also be supported with the fact
from previous RESC studies that early significant
hyperopia rapidly decreases to insignificant levels by
the age of 15, with a predominant myopic shift taking
place around the age of 12.'%!

Age was not a significant risk factor for myopia,
and school grade was a contributing factor. Similar to
the findings of school-based RESC studies,'*'* the
present study showed that children in higher grades
were more likely to develop VI due to myopia. Age
and school grades being highly correlated, only one
of these remains in the multivariate model. The asso-
ciation of higher school grades with myopia could be
attributed to children’s involvement in more school-
ing hours and near/indoor activities as they progress
to higher grades.

The prevalence of myopia was slightly higher
in females compared with males (22.4% vs. 18.0%,
P =0.012); however, its significance was lost (P =
0.142) in the multivariate analysis when multi-
stage cluster sampling design was accounted for.
Previous RESC studies have shown a higher preva-
lence of myopia in females.**"'> Our data show that
females spent more time on activities associated with
increased risk of developing myopia such as indoor
reading (4 h more per school week, P < 0.001) and
less time outdoors (3 h less per week, P < 0.001) than
boys.

Similar to the previous studies finding,
urban schooling was significantly associated with
myopia in the present study. The high prevalence of
VI due to myopia among children in urban schools
may be attributed to the increased time spent on
indoor activities compared with the activities of chil-
dren in rural and semi-urban areas. In addition, this
variation in prevalence rates could be due to educa-
tional pressures, lifestyle changes and nutritional
status, which tend to be different in rural and urban
environments.*>*

The study findings showed that prolonged indoor
activities such as reading and computer usage are
associated with myopia, and outdoor activities are

6,10,14-17
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protective against myopia. The findings are similar to
those reported in other RE studies.?’?"*74 For
instance, children with low outdoor and high near-
work activity in Australia had twofold to threefold
higher chance for myopia than children with high
levels of outdoor activity and low levels of near
work.”” A similar finding was reported from a study
of Singapore school children, where more time spent
on outdoor activities was protective against myopia
development; however, they also reported that this
was independent of time spent reading.*®* The 5%
increased risk of myopia associated with increased
reading hours in present study is the risk associated
with an increase of 1 h per week. This implies that if
amyope reads 5 h more than an emmetrope, then the
risk is increased by 25%. The data showed that 40%
of myopes recorded 20 h and more of indoor reading
as compared with only 26 % of emmetropes. Our data
also suggested that older children spent more hours
on indoor activities compared with younger chil-
dren. For instance, 15 years old children on average
spent 16.7 h on indoor reading compared with 15.3 h
by 12 years old. The present study findings suggest
the need for school eye health awareness pro-
grammes in Vietnam that emphasize the importance
of outdoor leisure activities. Further study is needed
to determine myopia progression rate and its asso-
ciation with increased indoor time when children
progress in higher grades.

The study revealed that two thirds of vision-
impaired children had never received refractive cor-
rection or did not wear spectacles. A similarly high
unmet need for refractive correction has been docu-
mented in other studies.>'*!* Interestingly, despite
the presence of high RE prevalence and better access
to eye units and optical shops in urban areas, a
higher proportion of urban school children did not
receive RE correction compared with those from
rural areas. Health education regarding spectacle
wear is therefore important along with vision screen-
ing and affordable optical dispensing.

The major limitation of the present study is a
school-based sampling method that may have
resulted in prevalence estimates not fully repre-
sentative of the province population. A grade-
stratified cluster sampling and subdividing classes
increased the sampling efficiency. However, the
results suggest that prevalence of RE was not
uniform across grades, indicating the need to have
used grade-specific sample sizes. Future RESC
studies need to consider the use of sample sizes spe-
cific to each age or school grade in relation to age-
specific prevalence of RE. Unequal sample in the age
groups possibly occurred because of higher repeti-
tion rates in lower grades resulting in older children
in lower grades (e.g. 2.2% repeated in grade 6 in
2005/2006).**

Every cluster-based sampling design involves the
use of design effect to account for the increased vari-
ance due to the use of clusters. While the design
effect was set based on prior studies at the sampling
stage, the actual design effect for each analysed vari-
able was estimated, and the 95% CIs were adjusted
accordingly. As a result, there were CIs that were
wider than expected; however, the ability to test for
differences between strata levels was not unduly
affected (Table 6).

Similarly, non-response rate (23%) from the first
enumerated class adds an element of bias to the
prevalence estimates. It was observed that the failure
to sign the informed consent was due to the fear of
cycloplegic refraction. Parental permission issues in
RE screening among children resulted in low
response rates (40 to 80%) in similar studies.>!836404
If the prevalence of VI was higher among the 23%
non-responders, the prevalence rates in this study is
likely to be underestimated to a level not more than
5% of the current estimates because of the unequal
sample weights of the responder and non-responder
samples. Given the increasing rate of non-response
due to cycloplegic refraction, presenting vision
should be enumerated for such non-responders in
future school-based screening studies. The present-
ing vision will provide an indication of the random-
ness of the non-responders in relation to the entire
study sample.

Another important limitation is that the present
study did not attempt cycloplegic autorefraction on
children with normal/subnormal vision (=6/9.5),
which restricted from presenting the prevalence esti-
mates of RE. However, high prevalence of VI due to
myopia suggests that the prevalence figure of myopia
could be exceptionally high when every child is
examined under cycloplegia.

In conclusion, uncorrected RE (myopia in particu-
lar) is the most common cause of VI in secondary
school children in Vietnam. Most vision-impaired
children did not have spectacles, indicating that
the need for RE services is significant. Further, with
rapid economic growth and urbanization in Vietnam,
the incidence of myopia might be expected to in-
crease significantly in coming years. Effective vision
screening programmes, appropriate referral with
the provision of affordable spectacles, and health
education on outdoor activities and spectacle compli-
ance are therefore required for eliminating VI caused
by RE.

ACKNOWLEDGEMENT

Authors acknowledge the BRVT Provincial Eye
Centre for the administrative and technical support
during the field work.

© 2013 The Authors

Clinical & Experimental Ophthalmology published by Wiley Publishing Asia Pty Ltd on behalf of Royal Australian and New Zealand

College of Ophthalmologists

95U9017 SUOLUWOD BAIE81D) 8l |dde ay) Aq pauienob ale sap e YO ‘8sn JO Sajni Joj Akeiq1 auljuo AB[IA\ UO (SUONIPUOD-pUR-SWIB)/LI0D A8 IM ARelq1puluo//:sdny) SUONIPUOD pue Swie | au 885 ' [5202/50/TZ] Uo Akeiq1auljuo A1 ‘euoiieusu| Jo|ssT AQ €722 T 089/TTTT OT/I0p/W0d A8 1m Areiqipuluo//sdny woiy pepeojumod ‘€ ‘¥T0Z ‘T.062rrT



Refractive error in Vietnamese children

225

REFERENCES

1.

10.

11.

12.

13.

14.

15.

16.

17.

Pizzarello L, Abiose A, Ffytche T et al. VISION 2020:
the right to sight: a global initiative to eliminate avoid-
able blindness. Arch Ophthalmol 2004; 122: 615-20.

. Bourne RR, Stevens GA, White RA efal. Causes of

vision loss worldwide, 1990-2010: a systematic analy-
sis. Lancet Global Health 2013; 1: €339-49.

. Dandona R, Dandona L, Srinivas M et al. Refractive

error in children in a rural population in India. Invest
Ophthalmol Vis Sci 2002; 43: 615-22.

. Goh PP, Abqariyah Y, Pokharel GP, Ellwein LB.

Refractive error and visual impairment in school-age
children in Gombak District, Malaysia. Ophthalmology
2005; 112: 678-85.

. Maul E, Barroso S, Munoz SR, Sperduto RD, Ellwein

LB. Refractive Error Study in Children: results from La
Florida, Chile. Am J Ophthalmol 2000; 129: 445-54.

. Murthy GV, Gupta SK, Ellwein LB etal. Refractive

error in children in an urban population in New Delhi.
Invest Ophthalmol Vis Sci 2002; 43: 623-31.

. Naidoo KS, Raghunandan A, Mashige KP ef al. Refrac-

tive error and visual impairment in African children in
South Africa. Invest Ophthalmol Vis Sci 2003; 44: 3764—
70.

. Pokharel GP, Negrel AD, Munoz SR, Ellwein LB.

Refractive Error Study in Children: results from Mechi
Zone, Nepal. Am J Ophthalmol 2000; 129: 436-44.

. Zhao J, Pan X, Sui R, Munoz SR, Sperduto RD,

Ellwein LB. Refractive Error Study in Children: results
from Shunyi District, China. Am J Ophthalmol 2000;
129: 427-35.

He M, Zeng J, Liu Y, Xu J, Pokharel GP, Ellwein LB.
Refractive error and visual impairment in urban chil-
dren in southern China. Invest Ophthalmol Vis Sci 2004;
45: 793-9.

Gao Z, Meng N, Muecke J et al. Refractive error in
school children in an urban and rural setting in Cam-
bodia. Ophthalmic Epidemiol 2012; 19: 16-22.

He M, Huang W, Zheng Y, Huang L, Ellwein LB.
Refractive error and visual impairment in school chil-
dren in rural southern China. Ophthalmology 2007; 114:
374-82.

Lindquist AC, Cama A, Keeffe JE. Screening for uncor-
rected refractive error in secondary school-age students
in Fiji. Clin Experiment Ophthalmol 2011; 39: 330-5.
Sapkota YD, Adhikari BN, Pokharel GP, Poudyal
BK, Ellwein LB. The prevalence of visual impairment
in school children of upper-middle socioeconomic
status in Kathmandu. Ophthalmic Epidemiol 2008; 15:
17-23.

Saw SM, Carkeet A, Chia KS, Stone RA, Tan DT.
Component dependent risk factors for ocular param-
eters in Singapore Chinese children. Ophthalmology
2002; 109: 2065-71.

Fan DS, Lam DS, Lam RF ef al. Prevalence, incidence,
and progression of myopia of school children in Hong
Kong. Invest Ophthalmol Vis Sci 2004; 45: 1071-5.

Lin LL, Shih YF, Hsiao CK, Chen CJ, Lee LA, Hung PT.
Epidemiologic study of the prevalence and severity of

© 2013 The Authors
Clinical & Experimental Ophthalmology published by Wiley Publishing Asia Pty Ltd on behalf of Royal Australian and New Zealand
College of Ophthalmologists

18.

19.

20.

21.

22,

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

myopia among schoolchildren in Taiwan in 2000.
J Formos Med Assoc 2001; 100: 684-91.

Ip JM, Huynh SC, Robaei D et al. Ethnic differences in
refraction and ocular biometry in a population-based
sample of 11-15-year-old Australian children. Eye
(Lond) 2008; 22: 649-56.

Kleinstein RN, Jones LA, Hullett S etal. Refractive
error and ethnicity in children. Arch Ophthalmol 2003;
121: 1141-7.

Ojaimi E, Rose KA, Morgan IG et al. Distribution of
ocular biometric parameters and refraction in a
population-based study of Australian children. Invest
Ophthalmol Vis Sci 2005; 46: 2748-54.

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

Jones LA, Sinnott LT, Mutti DO, Mitchell GL,
Moeschberger ML, Zadnik K. Parental history of
myopia, sports and outdoor activities, and future
myopia. Invest Ophthalmol Vis Sci 2007; 48: 3524-32.
Low W, Dirani M, Gazzard G et al. Family history, near
work, outdoor activity, and myopia in Singapore
Chinese preschool children. Br J Ophthalmol 2010; 94:
1012-6.

Lu B, Congdon N, Liu X etal. Associations between
near work, outdoor activity, and myopia among ado-
lescent students in rural China: the Xichang Pediatric
Refractive Error Study report no. 2. Arch Ophthalmol
2009; 127: 769-75.

Mutti DO, Mitchell GL, Moeschberger ML, Jones LA,
Zadnik K. Parental myopia, near work, school achieve-
ment, and children’s refractive error. Invest Ophthalmol
Vis Sci 2002; 43: 3633-40.

Saw SM, Hong RZ, Zhang MZ et al. Near-work activity
and myopia in rural and urban schoolchildren in
China. J Pediatr Ophthalmol Strabismus 2001; 38: 149-55.
Sherwin JC, Reacher MH, Keogh RH, Khawaja AP,
Mackey DA, Foster PJ. The association between time
spent outdoors and myopia in children and adoles-
cents: a systematic review and meta-analysis. Ophthal-
mology 2012; 119: 2141-51.

UNICEF. At a glance: Viet Nam. 2012. Accessed 10
Oct 2012. Available from: http://www.unicef.org/
infobycountry/vietnam_statistics.html

Limburg H, Gilbert C, Hon N, Dung NC, Hoang TH.
Prevalence and causes of blindness in children in
Vietnam. Ophthalmology 2012; 119: 355-61.

Xugen LTT, Huong BTT, Tien PD et al. Prevalence of
refractive error and knowledge, attitudes and self care
practices associated with refractive error in Ho Chi
Minh City. Ho Chi Minh City Medical Bulletin 2009; 13:
13-25.

Ministry of Health, Government of Vietnam. 2007.
Vietnam National Plan for blindness prevention and
eye care towards ‘Vision 2020’. Accessed 21 Feb 2013.
Available from: iapbwesternpacific.org/download/
countries/vietnam/VIETNAM%20-%20National %20
Plan%202007.pdf

UNESCO. World data on education, 7th edn. 2010/
2011. Accessed 22 Feb 2012. Available from: http://

95U9017 SUOLUWOD BAIE81D) 8l |dde ay) Aq pauienob ale sap e YO ‘8sn JO Sajni Joj Akeiq1 auljuo AB[IA\ UO (SUONIPUOD-pUR-SWIB)/LI0D A8 IM ARelq1puluo//:sdny) SUONIPUOD pue Swie | au 885 ' [5202/50/TZ] Uo Akeiq1auljuo A1 ‘euoiieusu| Jo|ssT AQ €722 T 089/TTTT OT/I0p/W0d A8 1m Areiqipuluo//sdny woiy pepeojumod ‘€ ‘¥T0Z ‘T.062rrT


http://www.unicef.org/infobycountry/vietnam_statistics.html
http://www.unicef.org/infobycountry/vietnam_statistics.html
http://iapbwesternpacific.org/download/countries/vietnam/VIETNAM%20-%20National%20Plan%202007.pdf
http://iapbwesternpacific.org/download/countries/vietnam/VIETNAM%20-%20National%20Plan%202007.pdf
http://iapbwesternpacific.org/download/countries/vietnam/VIETNAM%20-%20National%20Plan%202007.pdf
http://www.ibe.unesco.org/en/worldwide/unesco-regions/asia-and-the-pacific.html

226

Paudel et al.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

www.ibe.unesco.org/en/worldwide/unesco-regions/
asia-and-the-pacific.html

Negrel AD, Maul E, Pokharel GP, Zhao J, Ellwein LB.
Refractive Error Study in Children: sampling and
measurement methods for a multi-country survey. Am
J Ophthalmol 2000; 129: 421-6.

StataCorp. Stata Statistical Software: Relase 8.0. College
Station, TX: Stata Corporation, 2003.

Congdon N, Wang Y, Song Y et al. Visual disability,
visual function, and myopia among rural chinese sec-
ondary school children: the Xichang Pediatric Refrac-
tive Error Study (X-PRES) — report 1. Invest Ophthalmol
Vis Sci 2008; 49: 2888-94.

Rezvan F, Khabazkhoob M, Fotouhi A ef al. Prevalence
of refractive errors among school children in North-
eastern Iran. Ophthalmic Physiol Opt 2012; 32: 25-30.
Yekta A, Fotouhi A, Hashemi H efal. Prevalence of
refractive errors among schoolchildren in Shiraz, Iran.
Clin Experiment Ophthalmol 2010; 38: 242-8.

Wedner SH, Ross DA, Todd J, Anemona A, Balira R,
Foster A. Myopia in secondary school students in
Mwanza City, Tanzania: the need for a national screen-
ing programme. Br J Ophthalmol 2002; 86: 1200-6.
Mehari ZA, Yimer AW. Prevalence of refractive errors
among schoolchildren in rural central Ethiopia. Clin
Exp Optom 2013; 96: 65-9.

O’Donoghue L, McClelland JF, Logan NS, Rudnicka
AR, Owen CG, Saunders KJ. Refractive error and
visual impairment in school children in Northern
Ireland. Br J Ophthalmol 2010; 94: 1155-9.

Ivanova R, Astrinidis A, Lepage V et al. Mitochondrial
DNA polymorphism in the Vietnamese population.
Eur J Immunogenet 1999; 26: 417-22.

Oveseas Missionary Fellowship International. Khmer
of Cambodia. 2013. Accessed 31 Jan 2013. Avail-

able from: http://www.omf.org/omf/cambodia/about
_cambodia/khmer_of cambodia

43. Casson RJ, Kahawita S, Kong A, Muecke J,
Sisaleumsak S, Visonnavong V. Exceptionally low
prevalence of refractive error and visual impairment in
schoolchildren from Lao People’s Democratic Repub-
lic. Ophthalmology 2012; 119: 2021-7.

44. Morgan IG, Rose KA, Ellwein LB. Is emmetropia the
natural endpoint for human refractive development?
An analysis of population-based data from the refrac-
tive error study in children (RESC). Acta Ophthalmol
2010; 88: 877-84.

45. Morgan 1G, Ohno-Matsui K, Saw SM. Myopia. Lancet
2012; 379: 1739-48.

46. He M, Zheng Y, Xiang F. Prevalence of myopia in
urban and rural children in mainland China. Optom Vis
Sci 2009; 86: 40-4.

47. Rose KA, Morgan IG, Ip J etal. Outdoor activity
reduces the prevalence of myopia in children. Ophthal-
mology 2008; 115: 1279-85.

48. Dirani M, Tong L, Gazzard G et al. Outdoor activity and
myopia in Singapore teenage children. Br J Ophthalmol
2009; 93: 997-1000.

49. Robaei D, Kifley A, Rose KA, Mitchell P. Refractive
error and patterns of spectacle use in 12-year-old
Australian children. Ophthalmology 2006; 113: 1567-73.

SUPPORTING INFORMATION

Additional Supporting Information may be found in
the online version of this article at the publisher’s
web-site:

Child Refractive Error Risk Factor Questionnaire

© 2013 The Authors

Clinical & Experimental Ophthalmology published by Wiley Publishing Asia Pty Ltd on behalf of Royal Australian and New Zealand

College of Ophthalmologists

95U9017 SUOLUWOD BAIE81D) 8l |dde ay) Aq pauienob ale sap e YO ‘8sn JO Sajni Joj Akeiq1 auljuo AB[IA\ UO (SUONIPUOD-pUR-SWIB)/LI0D A8 IM ARelq1puluo//:sdny) SUONIPUOD pue Swie | au 885 ' [5202/50/TZ] Uo Akeiq1auljuo A1 ‘euoiieusu| Jo|ssT AQ €722 T 089/TTTT OT/I0p/W0d A8 1m Areiqipuluo//sdny woiy pepeojumod ‘€ ‘¥T0Z ‘T.062rrT


http://www.ibe.unesco.org/en/worldwide/unesco-regions/asia-and-the-pacific.html
http://www.omf.org/omf/cambodia/about_cambodia/khmer_of_cambodia
http://www.omf.org/omf/cambodia/about_cambodia/khmer_of_cambodia

