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ABSTRACT

Objectives To elucidate the incidence of myopia,
progression of refractive error, axial length (AL) elongation
and factors associated with myopia in secondary school
students in Vietnam.

Design Prospective cohort study.

Settings Hue Healthy Adolescent Cohort Study, Hue City,
Vietnam.

Participants 3-year longitudinal data were available for
355 secondary school students (mean age 11.60+0.36,
46.8% girls). Noncycloplegic refraction and AL
measurements were performed at baseline and the 3-year
follow-up examinations.

Primary and secondary outcome measures The
primary outcomes were myopia incidence and progression.
Myopia, emmetropia and hyperopia were defined as
spherical equivalent (SE)<—1.0 diopters (D), —0.5 D<SE

< +0.5 D and SE > +0.5 D in the right eye, respectively.
The cumulative incidence of myopia was defined as the
proportion of students who were not myopic at baseline
but who subsequently developed myopia during the follow-
up period. Factors associated with myopia incidence

and progression were analysed using logistic and linear
regression models, respectively.

Results Baseline mean SE and AL were —0.94+1.66 D
and 23.36+0.93 mm, respectively. The cumulative and
annual incidences of myopia were 40.6% and 12.5%,
respectively. Spending more time outdoors was associated
with a significantly decreased incidence of myopia
(adjusted OR 0.499; 95% Cl: 0.329-0.757), less myopic SE
progression (3=0.337; 95% CI: 0.254, 0.640) and slower
AL elongation (3=-0.289; 95% CI: —0.202 to —0.071).

In contrast, a study using computers was significantly
associated with greater myopic progression in SE
(B=-0.184; 95% Cl: —0.699 to —0.112) and AL elongation
(B=0.208; 95%Cl: 0.062, 0.263).

Conclusion This longitudinal assessment revealed

both myopia incidence and progression and identified
myopia-risk and myopia-protective behavioural factors in
a Vietnamese cohort of secondary school students. The
results highlight the high prevalence and considerable
incidence of myopia, and the need for further effective
strategies to reduce the risk of myopia by managing
computer time and increasing outdoor time.
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STRENGTHS AND LIMITATIONS OF THIS STUDY

= The strength of this study was the prospective co-
hort design with 3-year longitudinal data from sec-
ondary school students, with a high completion rate
0f 91.0%.

= Ocular examinations conducted by trained oph-
thalmologists were performed at both baseline and
follow-up surveys, collecting data on refractive error
and axial length.

= Noncycloplegic refraction was used during ocular
examinations. To avoid overestimation of the prev-
alence of myopia in teenagers with active accom-
modation, a robust threshold for myopia of spherical
equivalent (SE) < —1.0 diopters (D) was applied.

= The collection of risk and protective factors for my-
opia relied on questionnaire completion by students,
introducing the possibility of recall bias.

INTRODUCTION

Myopiaisacommon cause of correctable vision
loss, with uncorrected myopia remaining the
leading cause of distance vision impairment
globally." Myopia is associated with compel-
ling visual impairment and economic burden
and increasing long-term negative impacts on
the quality of life and academic performance
in affected individuals.”

Myopia affects more than 100million
people globally.” It is estimated that, by
2050, 4.76billion people, accounting for
50% of the world’s population, will have
myopia. Myopia is most prevalent in East
and Southeast Asia, affecting a surprisingly
high proportion of children and young
adults.”® Among countries in these regions,
including Vietnam, the prevalence of myopia
has increased from 20%-30% to 80%-90%
among school-leaving adolescents over the
past 50 years, representing a threefold to
fourfold increase.'® !! However, while most
prior studies were conducted in East Asian
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countries such as Mainland China, Hong Kong, Taiwan,
Japan and South Korea, evidence has been reported from
a few Southeast Asian countries, such as Singapore,'*™"
raising the need for further investigations into myopia in
this region.

The recent increase in myopia cases in Asian countries
coincides with the increase in educational pressures on
students.” Asian children often engage in substantial
homework and extracurricular study from an early age.
The intense competition at school leads them to spend
most of their time studying indoors. A study in Taipei
revealed that students engaging in after-school tutoring
programmes for 5 or more hours per week faced an
increased likelihood of developing myopia.'® A study of
Chinese primary school students in Beijing reported that
increased axial elongation over 4 years was associated
with increased indoor study time and reduced outdoor
time.'” Regarding behavioural and environmental factors,
excessive near-work and studying, increased screen time
on electronic devices and limited time spent outdoors
in daylight have been discussed with the rise of myopia
in the region."™®' Other associated factors for myopia
addressed included being biologically female, a higher
prevalence and severity of parental myopia and a higher
level of parental education.?*°

Refractive errors such as myopia are emerging public
health concerns in Vietnam. The country has generally
experienced a relatively low prevalence of myopia, but
it is expected to increase notably due to urbanisation,
the growing emphasis on education, the widespread
use of electronic devices, urbanisation and changing
lifestyles.”” " In response to this concern, the Viet-
namese Government sanctioned the Strategic Plan for
the Prevention of Blindness in Vietnam, aiming towards
the years 2020 and 2030." However, reported evidence
related to the prevalence and progression of myopia from
Vietnam remains scarce, and most studies in the past are
cross-sectional investigations. Therefore, it is important
to obtain updated evidence on the prevalence of myopia
in Vietnam, particularly among children and adolescents.

Understanding the incidence and progression of
myopia and the protective as well as risk factors associ-
ated with myopia among school-aged children based on
longitudinal observation is important for developing
effective approaches to prevent, detect early signs of and
manage myopia within this demographic. This is partic-
ularly significant in regions that have experienced the
initial stages of urbanisation as Vietnam. Thus, this study
aimed to elucidate the incidence of myopia, progression
of refractive error, elongation of axial length (AL) and
associated protective and risk factors among secondary
school students in Vietnam by a cohort study.

METHODS

Study population

The Hue Healthy Adolescent Cohort Study is a 3-year
school-based cohort study that included students

attending secondary schools in urban areas in Vietnam.
This study was approved by the Institutional Review Board
of the Medical Schools of Tokyo Medical and Dental
University, Japan, and Hue University of Medicine and
Pharmacy, Vietnam. Students from secondary schools
were enlisted along with permission from the Depart-
ment of Education and Training in the Thua Thien Hue
Province, Vietnam. The baseline study was conducted in
2018, and a follow-up study was conducted 3years later.

Hue City is in the central region of Thua Thien Hue
Province, central Vietnam. It encompasses an area of
266 square kilometres and includes a population of
nearly 70000 secondary school students. Participants
for this study were selected using a multistage stratified
cluster random-sampling design. In the baseline survey
conducted in 2018, five secondary schools were randomly
chosen from a pool of 23 public secondary schools in
the study region. Subsequently, a random selection was
made of sixth-grade students from four or five classes in
each school, based on the size of the respective schools.
The follow-up survey was conducted in 2021 when the
COVID-19 pandemic was still prevalent in Vietnam, at
three schools among the five. Statistically similar charac-
teristics of students in the baseline survey were observed
among the three schools that completed both baseline
and follow-up surveys and the other two schools that only
completed the baseline survey. There were no significant
differences in the percentage of students’ self-study time,
attendance in extra classes, and time spent on indoor
and outdoor activities. Among the 390 students initially
enrolled at baseline at the three schools, 355 students
completed an ophthalmic examination and a question-
naire in both surveys (91.0% completion rate). Students
with severe ocular diseases other than refractive error,
such as cataracts, were omitted. Finally, only the data of
these 355 students in three schools who completed the
ophthalmic examination both at baseline and at the
3-year follow-up were included in the cohort analysis of
the incidence and progression of myopia.

Patient and public involvement

The participating secondary schools were involved in
designing this research, its implementation and dissem-
inating the results. Examinations were designed to meet
the needs of participating students. All students were
involved, and their parents or legal guardians have been
explained about the nature of the study and provided
consent. The study results were disseminated to the
schools and study participants for further planning for
students’ health.

Procedures

All study participants underwent a comprehensive
ocular examination, including visual acuity measure-
ment, auto-refraction and AL assessment. Visual
acuity was tested monocularly and binocularly at 5m
using a Landolt C chart under room illumination
(about 100-3001lux). Refraction was performed in a
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noncycloplegic state using an auto-refractometer (auto-
refractor ARK-1, Nidek, Aichi, Japan). AL measure-
ments were performed using an ultrasound biometer
A-scan (ECHOScan US-4000, Nidek) by the contact
method. Corneal anaesthesia was used to minimise the
discomfort before measuring the AL with one drop of
0.5% proparacaine hydrochloride (Alcaine 0.5%, Alcon
Laboratories, Fort Worth, TX, USA). Trained ophthal-
mologists performed all examinations. The same
assessments were conducted during the initial baseline
examination in 2018 and were subsequently repeated in
the follow-up examination in 2021.

Participants also underwent a face-to-face interview with
a trained staff team member, during which they completed
the questionnaire developed at the Department of Global
Health Entrepreneurship of Tokyo Medical and Dental
University based on the Global School-Based Student
Health Survey (GSHS) and Child Refractor Error Risk
Factor Questionnaire.” The questionnaire was initially
developed in English, then translated into Vietnamese
and then back-translated into English to check the
clarity and validity of the translation. Written informed
consent was obtained from the guardian of each student
to permit conducting the ocular examination and inter-
views with the student. The guardians were fully informed
about the purposes of the research and how their results
and responses would be used and stored. Examinations
and interviews were conducted when students provided
written informed assent in addition to their guardian’s
informed consent.

Definitions

The spherical equivalent (SE) was calculated by adding
the sum of the sphere powerto half the cylinder power.
Because noncycloplegic refraction is known to overes-
timate the prevalence of myopia,32 some studies have
recommended using -1.0 diopter (D) instead of -0.5 D
as a robust threshold to reduce false-positive results.”
In this study, myopia was defined as an SE of -1.0 D
or less in the right eye. In addition, emmetropia and
hyperopia were defined as -0.5 D < SE < +0.5 D and SE
> +0.5 D in the right eye, respectively. The SE of the
remaining range, -1.0 D < SE < -0.5 D, was categorised
as borderline. Data analyses focussed only on the right
eye due to the strong correlation observed between the
SE refraction in both the right and left eyes at baseline
(Spearman correlation coefficient=0.83, p<0.001) and
at the follow-up survey (Spearman correlation coeffi-
cient=0.81, p<0.001).

SE, cylinder diopters and AL were documented
during both the baseline and follow-up assessments. The
progression in AL and refractive error was determined
by subtracting the respective baseline values from those
obtained during follow-ups. The cumulative incidence
of myopia was defined as the proportion of students who
were not myopic at baseline but who subsequently devel-
oped myopia during the 39-month follow-up period.

Covariates

Covariate data were largely derived from questionnaire
measures. The questionnaire included inquiries about
participants’  sociodemographic characteristics and
behavioural factors, including the duration and nature
of outdoor activities, indoor activities and studying. Some
studies reported that the amount of time spent indoors
and outdoors, and the time dedicated to studying are asso-
ciated with myopia.**™ Furthermore, Vietnamese school
students often attend extra classes after school, which are
frequently held in cramped spaces with poor lighting,
raising concerns about the development of myopia.w The
study-related questions were on time spent self-studying
after school per day (2hours or less; more than 2hours),
attending extra classes after school (yes or no) and using
a computer for studying (yes or no). The indoor time
question was about the time engaged in the following
indoor activities on weekdays and weekends: reading
printed material for pleasure, playing video/computer
games for pleasure, watching TV/movies and playing
sports/exercising. The time spent outdoors question was
on the time engaged in the following outdoor activities
on weekdays and weekends: playing/walking and playing
sports. The students’ average number of hours spent daily
on these indoor and outdoor activities was calculated
using the following formula: ((hours spent on a weekday)
x5 + (hours spent on a weekend day) x2)/7 and was later
included in the analysis as a continuous variable.

Statistical analysis

In descriptive analyses, the parameters were presented
as number (%), and meansstandard deviation (SD).
The x* test was used to test for differences between diag-
noses of myopia, borderline, emmetropia and hyperopia
of the right eye at baseline and follow-up examinations.
The multicollinearity of independent variables included
in the model was tested by the variation inflation factor
(VIF) values, and they ranged from 1 to 3 showing statis-
tical rationality to be included in the model. Then,
logistic regression analyses were performed to investigate
the associations between the incidence of myopia (depen-
dent variable) and sociodemographic and behavioural
factors (independent variables). The adjusted odds
ratios (aORs) and its 95% Cls were calculated. Further-
more, among those without myopia at baseline, linear
regression analyses were performed to explore the asso-
ciations between the progression of myopia, the elonga-
tion of AL (dependent variable), and sociodemographic
and behavioural factors (independent variables). The
standardised regression coefficient beta and its 95% CI
were calculated. Multivariable logistic and linear regres-
sion models were adjusted for age, sex, time spent self-
studying, attendance in extra classes, usage of a computer
for studying, time spent in indoor and outdoor activities,
baseline SE and AL. No imputation was performed for
the missing data. Data were analysed using SPSS software
(IBM, Armonk, NY, USA), with the significance level set
at p<0.05.
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Table 1 Baseline characteristics of students who
completed both baseline and follow-up examinations
(n=355)

Baseline characteristics

Mean+SD

11.60+0.36
166 (46.8%
112 (31.5%
322 (90.7%
149 (42.0%

Age at baseline (years)

Sex, female, n (%) )
Time spent in self-study, more than 2h/day n (%) )
Attending extra-class, yes n (%) )
)

Studying on computer, yes n (%)

Daily time reading printed material indoors (h/d)  1.16+0.73
Daily time playing video game indoors (h/d) 1.38+0.67
Daily time watching TV indoors (h/d) 1.47+0.66
Daily time playing sports indoors (h/d) 0.48+0.72
Daily time playing/walking outdoors (h/d) 1.31+£0.71
Daily time playing sports outdoors (h/d) 1.02+0.81

SD, standard deviation.

RESULTS

The baseline characteristics of the participants are
presented in table 1. On average, the students were
11.60+0.36 years, with girls comprising just less than half
of the sample. Most students lived with both parents.
One-third of students spent more than 2hours per day
on self-studying, and over 90% of students attended extra
classes after school. Two-fifths of students studied on the
computer. On average, students spent about 1.5 hours per
day playing and walking outdoors and about an hour per
day on outdoor sports activities. Watching TV and playing
video games were the two most popular indoor activities
among students, each accounting for nearly 1.5 hours per
day.

The total prevalence of myopia in students increased
from 32.7% at baseline to 56.3% at the end of the 3-year
and 3-month follow-up. Of the 239 students who were
without myopia at baseline, 97 had developed myopia by
the follow-up examination, yielding a cumulative myopia
incidence of 40.6% and an annual incidence of myopia
of 12.5% (table 2). Meanwhile, 142 students remained

3

nonmyopic by the end of the follow-up period, indicating
that their eye development followed a normal growth
pattern without progressing into myopia. Table 2 also
shows that the final incidence of myopia among students
with hyperopia at baseline (6.7%) was significantly lower
than that among students with emmetropia at baseline
(40.8%), (p<0.001).

Table 3 shows the mean SE at baseline, the mean
SE at follow-up and the mean progression of SE over
the 39-month follow-up period in the entire popula-
tion. Baseline mean SE and AL were -0.94+1.66 D and
23.36+0.93 mm, respectively. The cumulative refractive
change and axial length change were -1.05+1.14 D and
0.78+0.44mm (-0.32 D/year and 0.24mm/year), respec-
tively. Among the group without myopia at baseline, the
mean progression of SE was —1.00+1.09 D, and the mean
elongation of AL was 0.71+0.39 mm. Among the myopia,
emmetropia and hyperopia groups at baseline, the
greatest SE progression (-1.14+1.23 D) and the greatest
AL elongation (0.93+0.51 mm) were both observed
among the students in the myopia group over the 3-year
follow-up period.

Logistic regression analyses were performed to deter-
mine the association between the incidence of myopia,
sociodemographic characteristics and behavioural factors
among the participants (table 4). After adjusting for base-
line characteristics, the daily time spent playing sports
outdoors was identified as a protective factor against
myopia, with increased outdoor time reducing the risk
of incident myopia (aOR=0.499; 95% CI: 0.329, 0.757).
In contrast, studying on a computer increased the risk
of incidence of myopia (aOR=1.899; 95% CI: 1.018,
3.542). Furthermore, refractive error at baseline was
also significantly associated with the incidence of myopia
(aOR=0.211;95% CI: 0.105, 0.424), as students with lower
SE at baseline were more likely to have developed myopia
by the end of the follow-up period.

Table 5 presents the findings from the univariable and
multivariable linear regression analyses of 3-year changes
in SE and AL. After adjusting for baseline characteristics,
the analysis revealed that daily time spent playing sports

Table 2 Diagnosis of myopia, borderline, emmetropia and hyperopia of the right eye at follow-up examination according to

the diagnosis at baseline examination (n=355)

Follow-up

Myopia Borderline Emmetropia Hyperopia
Baseline N n (%) n (%) n (%) n (%)
Myopia 116 103 (88.8) 5(4.3) 8 (6.9) 0(0.0)
Borderline 52 31 (59.6) 9(17.3) 11 (21.2) 1(1.9)
Emmetropia 157 64 (40.8) 32 (20.4) 58 (36.9) 3(1.9
Hyperopia 30 2 (6.7) 1(3.3) 22 (73.3) 5(16.7)
All 355 200 (56.3) 47 (13.3) 99 (27.9) 9(2.5)

Myopia: SE < -1.0 D; borderline -1.0 D < SE < -0.5 D ; Emmetropia: -0.5 D < SE < +0.5 D; Hyperopia: SE > +0.5 D.

x? test: p < 0.001.
SE, spherical equivalent.
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Table 3 Spherical equivalent (SE) and axial length (AL) of the right eye according to the diagnosis of myopia, emmetropia and

hyperopia at baseline and at follow-up examination

Baseline Follow-up Progress in 39 months
Mean SD Mean SD Mean SD
All students (n=355)
SE -0.94 1.66 -2.03 2.11 -1.05 1.14
AL 23.36 0.93 24.14 1.07 0.78 0.44
Students at risk for R eye myopia (hnonmyopia) (n=239)
SE -0.04 0.46 -1.03 1.18 -1.00 1.09
AL 23.03 0.69 23.75 0.82 0.71 0.39
Students with R eye myopia at baseline (SE < -1.0 D) (n=116)
SE -2.80 1.69 -3.96 217 -1.14 1.23
AL 24.03 1.01 24.96 1.08 0.93 0.51
Students with R eye emmetropia at the baseline (-0.5 < SE < +0.5 D) (n=157)
SE 0.05 0.24 -1.04 1.14 -1.09 1.11
AL 23.05 0.67 23.76 0.80 0.70 0.35
Students with R eye hyperopia at baseline (SE > +0.5 D) (n=30)
SE 0.66 0.27 0.01 0.50 -0.66 0.57
AL 22.79 0.76 23.39 0.80 0.60 0.39

AL, axial length; SD, standard deviation; SE, spherical equivalent.

outdoors was significantly associated with less myopic
progression in SE ($=0.337; 95% CI: 0.254, 0.640) and
a slower elongation of AL (B=-0.289; 95% CI: -0.202
to —0.071). Conversely, students who used computers
for studying experienced significantly greater myopic
progression in SE (B=-0.184; 95% CI: -0.699 to —-0.112)
and more rapid elongation of AL (B=0.208; 95% CI:
0.062, 0.263). Daily time spent playing sports indoors was
also associated with greater progression of SE and elon-
gation of AL, despite these associations being marginally
significant. Other behavioural factors, such as time spent
on selfsstudy and attending extra classes, were not signifi-
cantly related to the progression of SE or the elongation
of AL.

DISCUSSION
To our knowledge, no earlier longitudinal study has exam-
ined the incidence and progression of myopia among
secondary school students in Vietnam. Our results high-
lighted a high prevalence and considerable incidence
and progression of myopia among the participants. Using
a computer for studying was associated with increased
SE progression and AL elongation, whereas increased
time spent playing sports outdoors was associated with a
decreased incidence of myopia and decreased progres-
sion of myopic refractive error. Our study provided
important implications for formulating myopia preven-
tion strategies among school students in Vietnam.

Our study found that the mean elongation of AL was
0.24+0.16 mm/year, and the mean progression of SE
was —0.32+0.35 D/year, over the 3-year follow-up period.

Longitudinal studies conducted in different geograph-
ical and ethnic contexts have reported the progression
of myopia in school-aged children. Compared with the
results from some East Asian studies on myopia in chil-
dren, this study showed a slower progression of myopia
than among children in urban areas of China and Taipei.
A study of 1997 Chinese children, aged 12.7+0.5, over a
2-year follow-up period, showed that the mean progres-
sion of SE was -0.48 D/year, and the mean elongation
of AL was 0.24mm/year." Hsu et al reported that the
mean progression of myopia in primary school children
in Taipei was —0.42 D/year.*” In comparison with other
studies, our findings indicated a faster progression of
SE and AL than those observed in studies from rural
China (SE progression of —0.15 D/year and AL elonga-
tion of 0.11 mm/year over a 3.5-year follow-up period)
and Russia (AL elongation of 0.19+0.17 mm/year, over a
mean follow-up of 1.41+0.33 years).* **

The current study also found that the cumulative and
annual incidences of myopia were 40.6% and 12.5%,
respectively. This finding showed lower incidence of
myopia compared with findings from China, but a higher
incidence than those reported in India among adoles-
cents. For instance, a school-based study in Southwest
China reported a l-year incidence of myopia of 54.0%
for seventh-grade students,45 and another Chinese study
found an annual incidence of nearly 30% among junior
high school students.”® In contrast, findings from India
showed an annual myopia incidence of only 3.4% among
urban school children.*” In addition, the prevalence of
myopia in our study population at follow-up examination
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Table 4 Factors associated with the incidence of myopia among students at risk of myopia in the 3-year cohort study using

logistic regression (n=239)

Baseline characteristics

OR (95% Cl)

aOR (95% CI)

Age at baseline (years)
Sex

Male

Female
Time spent in self-study

2hours or less

More than 2 hours
Attending extra classes

No

Yes
Studying on a computer

No

Yes
Daily time reading printed material indoors
Daily time playing video game indoors
Daily time watching TV indoors
Daily time playing sports indoors
Daily time playing/walking outdoors
Daily time playing sports outdoors

0.785 (0.395, 1.560)

;
1.634 (0.970, 2.752)

1
1.329 (0.765, 2.311)

:
1.314 (0.534, 3.231)

1
1.561 (0.924, 2.638
1.372 (0.955, 1.970
0.929 (0.627, 1.379
1.194 (0.791, 1.802

0.994 (0.693, 1.425
0.653 (0.472, 0.902)

0.912 (0.415, 2.003)

;
1.030 (0.552, 1.922)

1
1.282 (0.686, 2.395)

;
1.008 (0.360, 2.821)

1
1.899 (1.018, 3.542)*
1.415 (0.941, 2.127
0.958 (0.607, 1.513
1.386 (0.850, 2.261

1.072 (0.687, 1.671
0.499 (0.329, 0.757)**

Baseline SE
Baseline AL

*p < 0.05; **p < 0.01; **p < 0.001.

was 56.3%, which is higher than that reported in other
regions, such as in the USA (36.1% among children aged
5-17years)," Ireland (22.8% among children aged 12-13
years)™ and the Netherlands (22.5% at age 13 and 28.9%
at age 18).* This notable prevalence and incidence of
myopia observed in our study can be attributed to the
inclusion of secondary school students from an urban-
ised Vietnamese area. These students often face intense
academic pressure in a highly competitive educational
environment. The demands of their rigorous study sched-
ules, combined with increased use of electronic devices,
are significant factors likely contributing to the elevated
prevalence of myopia in this population.

Another finding of the current study was that the inci-
dence of myopia among students who had hyperopia at
baseline was significantly lower than that of students with
emmetropia at baseline. With an increase in baseline SE
hyperopia, there was a significant decrease in the occur-
rence of myopia. This suggests that the baseline SE serves
asareliable predictor for the onset of myopia in the future.
Consistent with our study findings, the results from a
prior cohort study demonstrated a significant correlation
between the incidence of myopia and baseline refrac-
tion. Children with less hyperopic baseline refraction
were found to be at a higher risk of developing myopia.*
This factor was also well-documented in another cohort

0.240 (0.128, 0.453)***

( )
( )
( )
( )
1.308 (0.926, 1.846)
( )
( )
( )
1.029 (0.706, 1.501)

0.211 (0.105, 0.424)***

( )
( )
( )
( )
1.484 (0.984, 2.238)
( )
( )
( )
0.900 (0.574, 1.413)

study conducted in Shanghai, China, which showed that
baseline SE could be a simple and effective predictor
of myopia.”’ Meanwhile, some children with myopia at
baseline had progressed to emmetropia at the end of
follow-up. The noncycloplegic refraction measurements
show some degree of variation and some measurement
errors could have been observed.

Near-work, including using computers, and outdoor
activities were the two most frequently acknowledged
risk and protective factors, respectively, that have been
linked to myopia.”’ ™ Our study also showed that these
two factors were associated with the incidence and
progression of myopia and elongation of AL, among
school students. Research has shown that engaging in
outdoor activities is correlated with a reduced likelihood
of developing myopia.'*****™® In East Asia, several school-
based interventions have also used the protective effect
of outdoor time against the progression of myopia, such
as in Singapore since 2008" '"* and Taiwan since 2010.%
In Vietnam, a study of secondary school students found
that increased outdoor time was significantly linked to a
reduced risk of developing myopia. Specifically, children
who spent at least 2hours per day outdoors had their
probability of developing myopia reduced by 50% or
more. If the outdoor time increased to 3hours or more
per day, the likelihood of developing myopia decreased
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by 40% or more.*” This result was in line with our finding
that performing outdoor activities was a protective factor,
preventing the early onset of myopia and reducing the
elongation of AL. Therefore, education on the protective
effects of outdoor activities is important to change the
lifestyle habits of students.

The present study found that using a computer for
studying was associated with a greater progression of
SE and elongation of AL. This finding aligns with that
of earlier research that has reported a positive relation-
ship between screen time and myopia, likely due to the
increased near-work activities linked to prolonged use of
electronic devices.'® 2! 60-63 Yet, there is limited evidence
to definitively establish computer use as a risk factor for
myopia. Cross-sectional studies have presented conflicting
results, and there is a scarcity of evidence from longitu-
dinal studies. Notably, some cross-sectional studies did
not find a significant association between computer use
and myopia progression.” ** For example, a study from
China found that activities such as watching television
from 3 metres or less, reading from 20 centimeters or less
and keeping a close distance between the eyes, nib and
fingertips (2centimeters or less) were significantly asso-
ciated with the increased AL. However, using a computer
and playing console games were not associated with AL
elongation.”’ Additional findings from the Generation
R cohort study in the Netherlands, which included 5074
children, suggested that computer use, particularly at a
young age, had a moderate association with the onset of
myopia during childhood.”” Therefore, further research
is needed to clarify the impacts of computer use and
other modern digital products on myopia progression,
especially among children and adolescents.

The strengths of our study are that we evaluated 3-year
longitudinal data from 355 secondary school students had
a high follow-up response rate and included data of both
refractive error and AL. However, the present study had
some limitations. First, noncycloplegic refraction was used
in the present study. Noncycloplegic refraction overstates
the prevalence of myopia in teenagers with active accom-
modation. However, we opted to use a robust threshold
(-1.0 D instead of —0.5 D) for defining myopia to ensure
greater accuracy in detecting true cases. In addition,
children who were already myopic were excluded from
studying the incidence of myopia. Second, the collection
of risk and protective factors for myopia in this study
relied on questionnaire completion by students, intro-
ducing the possibility of recall bias. Third, information
about parental myopia and parental educational levels
was not obtained. Therefore, their potential associations
with children’s myopia were not evaluated, although
some studies addressed such relationships.* ® ® Fourth,
the current study analysed a sample of 355 students. A
larger sample size could improve the ability to detect
certain associations or could reduce an overfitting of
the data according to the adjustment for multiple covari-
ates. Despite these limitations, the findings from this
longitudinal cohort study provide valuable insights that

contribute to the global understanding of myopia and its
associated risk and protective factors.

In conclusion, this cohort study revealed a consider-
able incidence and progression of myopia among urban
Vietnamese secondary school children and showed that
more time spent on outdoor activities and less time spent
on computer use were significantly associated with the
incidence and progression of myopia. The results can
aid in creating evidence-based public healthcare strate-
gies and interventions aimed at addressing the increasing
prevalence of myopia among secondary school students
in urban areas of Vietnam. The results of this study may
also have implications for other countries facing similar
challenges related to myopia among adolescents. For
instance, this finding may guide the implementation
of school curricula that promote outdoor activities and
judicious screen usage among students, which can help
mitigate the burden of myopia-related visual impairment
and associated health issues. Furthermore, these empir-
ical data can assist eye-care professionals in anticipating
the forthcoming requirements for refractive services, allo-
cating resources accordingly and facilitating the devel-
opment of screening initiatives and early intervention
strategies to manage refractive errors and myopia among
school students. Further research is required to explore
the impact of near-work, particularly computer usage, and
the influence of outdoor exposure on children’s visual
health. Informed programmes should be developed to
preserve visual health and alleviate the burden of myopia
on future generations.
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