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ABSTRACT
Aim To investigate the protective behaviours of 
longer near work distance, discontinuing near work 
and more time outdoors in recess from parent self- 
report in the myopia prevalence and progression 
among myopic children aged 9–11 years.
Methods Myopia Investigation study in Taipei is a 
longitudinal population- based study that enrolled 
elementary school students in Taipei. We provided 
vision and refraction examination every 6 months. 
Spherical equivalent (SE) of cycloplegic refraction 
≤−0.50 Diopter (D) is defined as myopia. Total 10 743 
(70.4%) students completed 2- year refraction data and 
questionnaire. The myopia prevalence and progression 
(difference of SE) in baseline, 6, 12, 18 and 24 months 
were compared by generalised estimating equations.
Results Children with persistent protective behaviour 
had significant lower prevalence of myopia. The 
protective impact was statistically significant from 
6 to 24 months. In 2 years follow- up, risk ratio after 
adjusting the background variables and the other two 
behaviours in near work distance, near work time 
and outdoor time were 0.71, 0.89 and 0.77. In SE 
analysis, after adjusting the other two behaviours, near 
work distance >30 cm (−0.7 vs −1.04 D; p<0.001), 
discontinuing near work every 30 min (−0.77 vs 
−0.96 D, p=0.005) and more time outdoors in recess 
from parent self- report (−0.75 vs −0.98 D; p=0.012) 
revealed protective impacts on diminishing myopia 
progression from 6 to 24 months.
Conclusion In myopic children aged around 10 years 
in Taipei, longer distance in near work, discontinuing 
near work every 30 min and more outdoor time from 
parent self- report are protective behaviours in myopia 
prevalence and progression in 6–24 months.

InTRoduCTIon
The epidemic of myopia is a global public- health 
crisis in modern society. With increasing urban-
isation and lifestyle changes worldwide, there 
will be half of the world population, which is 
4758 million people with myopia by the year 
2050; and 938 million people with high myopia.1 
In the East Asia country, prevalence of myopia has 
almost doubled over the last 40 years. East Asians 

show the highest prevalence with over 90% of 
East Asians living in Singapore and 72% of East 
Asians living in China aged 18 years exhibiting 
myopia.2 Myopia is a group of disease presen-
tation as spherical error of refraction caused by 
elongation of the eyeball or overaccommodation. 
In myopic eye, the focus of a distant object is in 
front of the retina.3 Experimental studies reported 
that the hyperopic defocus induced by accommo-
dative lag during near work powerfully stimulates 
eye growth and cause elongation of axial length, 
which is noted in myopic eyes.3 Complications 
from pathological myopia are the leading cause 
of visual impairment and blindness, especially in 
Asia, including macular choroidal neovascular-
isation retinal detachment and glaucoma.4 High 
myopia affects up to 20% of high school chil-
dren in East Asia,5 so intervention and strategies 
to prevent myopia progression is challenging but 
important. Shorter reading distance (25,6 30,7 8 
33,9 4510 cm) has been considered as major envi-
ronmental risk factors for myopia incidence and 
progression. In elementary school students, fast 
progression was associated with greater myopic 
spherical equivalent (SE) at baseline, a shorter 
reading distance and continuous reading without 
break in every 30 min.7 More time spend in near 
work is highly associated with OR of myopia.11–13 
One systemic review report showed that the odds 
of myopia increased by 2% (risk ratio (RR): 1.02; 
95% CI 1.01 to 1.03) for every 1 Diopter (D)- hour 
14 more of near work per week.14 But some studies 
were still inconclusive for the protective effect of 
distance and time on near work for myopia.15 16 
Recent reports showed children who spent more 
time outdoors had a lower myopia incidence.17–25 
More time spent outdoors was reported to be 
associated with inhibition of eyeball elongation 
in children thus causing inhibition of myopia.8 
In animal study, the protective effect seems to be 
partly mediated by the stimulatory effect of light 
on retinal dopamine production and release, but 
the pathophysiology and dose- response function 
were still inconclusive.

The purpose is to compare the impact of three 
protective behaviours on myopia progression among 
children aged 9–11 years and to investigate the 
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Table 1 Demographics, refraction status and myopia prevalence of children

n (%)

T1 T2 T3 T4 T5

P value

SE Myopia SE Myopia SE Myopia SE Myopia SE Myopia

Mean % Mean % Mean % Mean % Mean %

All students* 15 052 ‒0.23±1.24 34.05 ‒0.46±1.32 42.37 ‒0.65±1.44 48.50 ‒0.84±1.52 54.29 ‒1.01±1.59 58.30 –

Study sample 10 743 ‒0.22±1.21 33.72 ‒0.45±1.29 42.10 ‒0.65±1.41 48.26 ‒0.82±1.49 54.03 ‒0.99±1.57 57.90 –

Gender

  Female 5078 (47.26) ‒0.15±1.22 31.49 ‒0.39±1.29 40.36 ‒0.60±1.40 47.69 ‒0.78±1.47 53.70 ‒0.95±1.56 57.19 <0.001

  Male 5665 (52.73) ‒0.27±1.19 35.72 ‒0.51±1.29 43.63 ‒0.69±1.41 48.78 ‒0.86±1.5 54.32 ‒1.03±1.58 58.54

Paternal high myopia

  None 8280 (77.07) ‒0.14±1.17 31.25 ‒0.36±1.25 39.21 ‒0.55±1.37 45.49 ‒0.72±1.44 50.99 ‒0.88±1.51 55.03 <0.001

  High myopic 2177 (20.26) ‒0.49±1.30 43.23 ‒0.79±1.39 53.24 ‒1.01±1.50 59.20 ‒1.23±1.58 65.56 ‒1.46±1.72 69.19

Maternal high myopia

  None 7832 (72.90) ‒0.11±1.14 30.74 ‒0.34±1.22 38.65 ‒0.51±1.33 44.20 ‒0.70±1.41 50.10 ‒0.85±1.48 54.04 <0.001

  High myopic 2644 (24.61) ‒0.52±1.35 42.87 ‒0.78±1.43 52.47 ‒1.04±1.57 60.09 ‒1.20±1.65 65.09 ‒1.41±1.76 68.79

Myopia treatment

  No 1684 (15.67) ‒0.30±1.26 37.37 ‒0.52±1.33 44.72 ‒0.72±1.43 51.30 ‒0.90±1.51 57.49 ‒1.08±1.59 62.11 <0.001

  Yes 9011 (83.87) 0.21±0.75 14.98 ‒0.04±0.92 25.33 ‒0.15±1.08 26.35 ‒0.30±1.19 28.47 ‒0.39±1.28 27.56

Following time: T1=July‒October 2015, T2=January‒May 2016, T3=July‒October 2016, T4=January‒May 2017, T5=July‒October 2017.
The demographics, changes of refraction status and myopia prevalence of children aged 9–11 years in Myopia Investigation study in Taipei. The mean SE at baseline was −0.22 D, and SEs were 
–0.45, –0.65, −0.82 and −0.99 at 6, 12, 18 and 24 months follow- up, respectivel. The comparisons of SE showed significant difference between subgroups: students with/without family history of 
high myopia and with/without myopia treatment.
*All students underwent cycloplegic refraction examination when they were included in the programme in 2014. Students using orthokeratology were excluded.
SE, spherical equivalent.

trend analysis of time period in a longitudinal, large population- 
based study in Taiwan.

MATERIAlS And METhodS
design and subjects
The Myopia Investigation study in Taipei (MIT study) is a 
population- based cohort study that enrolled almost all elemen-
tary school students in Taipei City since 2013. We provided free 
vision and cycloplegic refraction examination every 6 months and 
multiple interventions for at least 3 years. The study design, ratio-
nale and methods of the MIT have been published in 2015.25 All 
eligible children with parental consent received standard examina-
tions at an MIT- associated medical facility. This cohort was from 
students who received their first evaluation in June 2015, when 
they were grade 2 students. The less hyperopic eye was collected 
for study. We analysed the 2- year progression (until October 2017) 
among more myopic eyes, focusing on protective effectiveness of 
myopia progression between reading behaviours and outdoor time.

Refraction assessment and questionnaire
For myopia prevalence, myopia was defined as an SE of cycloplegic 
refraction ≤ −0.50 D. The more myopic eye in each student was 
included for analysis. The MIT parent questionnaire regarding 
potential myopia risk factors was composed of 42 questions, and 
parents answered the questionnaire each year before vision exam-
ination.20 Questions included the average time spent on near work 
each day, the distance from objects when doing near work, with/
without a break when doing near work over 30 min. Questions 
about outdoor behaviour were the average time spent playing 
outdoors in school recess on weekdays. From parents’ answers, 
children were divided into two groups: never/seldom do outdoor 
activities and usually do outdoors during recess in weekday. The 
three results of questionnaire and five cycloplegic refraction each 
6 months in 2 years of each child were analysed to see the effective-
ness of the protective behaviour of myopia progression. According 
to the answers from their parent’s observation in 2- year follow- up, 
children were divided into two groups as persistent in protective 

group and persistent in risk group. Children who had behaviour 
change during the follow- up period were excluded. Children 
in protective group indicated children maintained studying 
behaviours of more distance when doing near work, discontinuing 
near work time every half an hour and more outdoor activity in 
recess in 2 years. On the other hand, children in risk group indi-
cated that they had risk factors of myopia—shorter distance and 
continuing near work time, and less outdoor activity.

Statistical analysis
We collected data from a population- based 2- year study since May 
2015 until December 2017. The known associated risk factors of 
myopia progression including gender, parental high myopia and 
myopia treatment were analysed and are listed in table 1, online 
supplementary file 1. Children were divided into two groups 
according to their myopia- associated behaviour reported from 
parental questionnaire. A generalised estimating equation (GEE) is 
a statistical method used for estimating the parameters of a gener-
alised linear model with a possible unknown correlation between 
outcomes. We used a multinomial logistic regression model to inves-
tigate the association between myopia progression and different 
impact of protective behaviours. We compared the myopia prev-
alence, myopia progression (difference of spherical equivalent) of 
two groups in baseline, 6, 12, 18 and 24 months (T1, T2, T3, T4, 
T5) by linear regression using GEE to investigate the quantitative 
effectiveness of maintenance of protective behaviour including 
longer near work distance, discontinuing during near work and 
more outdoor activity. The standard coefficient beta, their 95% CI 
value and two- tailed p values were calculated. Statistical analysis 
was performed using SPSS software (V.24). P values <0.05 were 
considered statistically significant.

RESulTS
Of the 19 439 eligible students in Taipei in 2015, 15 250 
children provided informed consent from their parents and 
received 2- year follow- up. Among them, 198 (1.3%) students 
were excluded for under orthokeratology treatment. Total 
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Figure 1 Flow chart of ascertainment of Myopia Investigation study in Taipei, Out of 19 439 students aged round 10 years in Taipei in 2015, 15 250 
children provided informed consent from their parents and received 2- year follow- up of myopia control. One hundred ninety- eight (1.3%) students 
were excluded for under orthokeratology treatment. Total 10 743 (70.4%) students with complete 2- year data were recruited in cohort 2.

Table 2 Association between protective behaviour and myopia prevalence

near work distance* (≧30 cm) (n=5880) Continuous near work† (≦30 min) (n=5170) More outdoor activity in recess‡ (n=7337)

RR RR 95% CI RR 95% CI RR 95% CI

Time (ref: <30 cm) (ref: >30 min) (ref : less outdoor)

T1 0.71 (0.63 to 0.80) 0.76 (0.67 to 0.86) 0.76 (0.66 to 0.88)

T2 0.70 (0.62 to 0.80) 0.77 (0.68 to 0.88) 0.78 (0.67 to 0.91)

T3 0.75 (0.66 to 0.85) 0.89 (0.78 to 1.02) 0.77 (0.65 to 0.90)

T4 0.74 (0.65 to 0.84) 0.89 (0.78 to 1.03) 0.77 (0.65 to 0.90)

T5 0.71 (0.63 to 0.82) 0.89 (0.77 to 1.02) 0.77 (0.66 to 0.91)

Association between protective behaviour and myopia prevalence: RR showed significant protective effect on myopia prevalence of three behaviors: near work distance≧30 cm, 
continuous near work≦30 min and more outdoor activity in recess. Model had adjusted for sex, paternal high myopia, maternal high myopia, myopia treatment and other two 
behaviours.
*Model adjusted for sex, paternal high myopia, maternal high myopia, myopia treatment, the time of continuous near work and the time of outdoor activity in recess.
†Model adjusted for sex, paternal high myopia, maternal high myopia, myopia treatment, near work distance and outdoor activity in recess.
‡Model adjusted for sex, paternal high myopia, maternal high myopia, myopia treatment, near work distance and the time of continuous near work.
RR, risk ratio.

10 743 (70.4%) students, including myopic and non- myopic 
children with complete 2- year data were recruited in figure 1. 
The demographics, refraction and myopia prevalence of chil-
dren are listed in table 1. The baseline mean SE was −0.22 
D, and SEs were –0.45, –0.65, −0.82 and −0.99 at 6, 12, 
18 and 24 months follow- up, respectively. The majority of 
myopic children received myopia treatment with treatment 
rate of 37.4%, 44.7%, 51.3%, 57.5% and 62.1%, respectively. 
Children with persistent protective behaviour had significant 
lower prevalence rate, and the RRs were near work distance as 
0.70 (95% CI 0.62 to 0.80), discontinuing near work as 0.77 
(95% CI 0.68 to 0.88) and time spent outdoors as 0.78 (95% 
CI 0.67 to 0.91), respectively (table 2). Three factors showed 
effects on myopia prevention. Longer near work distance, 
discontinuing near work and more outdoor activity showed 
statistically significant difference on myopia prevalence in 
6- month follow- up, after adjusting the gender, and parental 

high myopia. The difference was still significant after adjusting 
the other two correlation behaviours.

The mean ocular cycloplegic refractions (SE) of children with 
different behaviour are described in figure 2. In the baseline exam-
ination, students with near work distance <30 cm were more 
myopic than those with near work distance ≥≥30 cm (figure 2A, 
−0.33±1.39 D, p<0.001). Students with continuous near work 
>30 min were more myopic than those with continuous near 
work ≤30 min (figure 2B, −0.21±1.27 D, p<0.001). Students 
with less outdoor activity in recess were more myopic than those 
with more outdoor activity in recess (figure 2C, −0.20±1.13 
D, p=0.016). Comparison of SE changes between groups of 
with or without vision- protective behaviours after controlling 
the background variables (gender, parents’ high myopia and 
myopia treatment or not), and the other two vision- protective 
behaviours is described in figure 3A. Students with near work 
distance <30 cm had significantly more myopia progression than  on June 23, 2020 at A
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Figure 2 Longitudinal trend of refraction status of myopic children aged around 10 years with or without protective behaviours: the p value in 
generalised estimating equations model represents a significant difference or not in the slopes of the spherical equivalent change between groups at 
different time points.

Figure 3 Longitudinal trend of change of spherical equivalent (SE) of myopic children aged around 10 years with or without protective behaviours: 
students with near work distance <30 cm (A, −0.38±0.08 D, p<0.001) with continuous near work >30 min (B, −0.36±0.08 D, p=0.023) and with 
less time spent on outdoor activity in recess (C, −0.35±0.08 D, p=0.005) showed statistically significant more myopic refraction and more myopia 
progression after only 6 months. The impacts lasted for 2 years.

those with near work distance >30 cm in 6 months (p=0.001) 
when controlling background variables, continuing near work 
and the time of outdoor activity in recess (figure 3B). Students 
with continuous near work >30 min had significantly more 
myopia progression than those with continuous near work 
≤≤30 min in 6 months (p=0.023) when controlling background 
variables, near work distance and the time of outdoor activity in 
recess (figure 3C). Students with less outdoor activity in recess 
had significantly more myopia progression than those with more 
outdoor activity in 6 months (p=0.005) when controlling back-
ground variables, near work distance and the time of continuous 
near work. The longer near work distance plays a key role in 
prevention of myopia progression and is as important as more 
time spent outdoors, and discontinuing near work every 30 min. 
In brief, students with near work distance <30 cm (figure 3A, 
−0.38±0.08 D, p<0.001) with continuous near work >30 min 
(figure 3B, −0.36±0.08 D, p=0.023), and with less time 
spent on outdoor activity in recess (figure 3C, −0.35±0.08 D, 
p=0.005) showed statistically significant more myopic refrac-
tion and more myopia progression only after 6 months. In 2- year 
follow- up, the impact of three risk factors remained statistically 
significant.

Near work distance >30 cm decreased prevalence of myopia, 
and the impact was as obvious as discontinuing near work every 
30 min and more time spent outdoors in recess. In conclusion, in 
preventing myopia progression in Taiwan, longer distance when 
doing near work (>30 cm) had very significant impact (β=0.27, 
p<0.001), as important as more time spent outdoors in recess 
(β=0.17, p<0.001) and discontinuing near work every 30 min 
(β=0.13, p<0.001) (table 3).

dISCuSSIon
We compared the impacts of three behaviours in myopia preven-
tion in children aged 9–11 years. After controlling background 
variables and the other two confounders, the results showed 
distance >30 cm when doing near work, discontinuing near 
work every 30 min and doing outdoor activity during recess, all 
had significant protective effect on myopia prevalence in as early 
as 6 months. Additionally, comparing the SE of different time 
points with those of baseline, we found distance of near work 
had obvious protective effect (figure 2A) with more statistically 
significant difference at every time point in 2 years. Students with 
shorter near work distance revealed the most myopic shift in SE 
after adjusting background variables, such as gender, parental 
high myopia (figure 3A). Our results from 10 743 children paral-
leled to findings of Hsu’s study of 3256 myopic children (mean 
age=7.49) in 1- year follow- up. In subgroup analysis, they found 
children with fast progression of myopia had a shorter reading 
distance.26 Recent reports showed children who spent more time 
outdoors had a lower incidence of myopia in different ages (6–7, 
6–14 years). The protective impact was believed to be mediated 
by the stimulatory effect of sunlight on retinal dopamine receptor 
thus inhibited eyeball elongation in animal study.17 18 22 25 Wu et 
al in Taiwan showed a reduction in incident myopia of 50% in 
school- based randomised trial after 1 year intervention, possibly 
delivering as much as 80 min spent outdoors per day on school 
days.18 In younger children aged 6 years in China, the interven-
tion of addition of 40 min of outdoor activity at school showed 
statistically significant protective effect in the 3- year cumula-
tive incidence of myopia and SE.22 The limitation of this study 
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Table 3 Association between refraction status change and 
following time by groups

β 95% CI P value

Behaviour

  Near work distance≧30 cm (ref: <30 cm) 0.27 0.20 to 0.34 <0.001

  Continuous near work≦30 min (ref: 
>30 min)

0.13 0.06 to 0.21 <0.001

  More outdoor activity in recess (ref: less 
outdoor)

0.17 0.08 to 0.26 <0.001

Time (ref=T1)

  T2 −0.23 −0.24 to −0.21 <0.001

  T3 −0.42 −0.44 to −0.41 <0.001

  T4 −0.62 −0.63 to −0.60 <0.001

  T5 −0.81 −0.83 to −0.79 <0.001

Linear regression using generalised estimating equations.
Association between refraction status change and following time by different 
behaviour: in linear regression using generalised estimating equations, the 
standardised beta showed near work distance ≧ 30 cm had the highest association, 
followed by more outdoor activity in recess and continuous near work ≦ 30 min. 
The impacts of two latter behaviours were similar.
*Model adjusted for sex, paternal high myopia, maternal high myopia and myopia 
treatment.

was that analysis of behaviour of time spent outdoors in recess 
came from questionnaire and might not be very precise. This 
may contribute to the possible underestimate of the impact of 
outdoor activities in myopia. From parents’ answers, children 
were divided into two groups: never/seldom do outdoor activi-
ties and usually do outdoors during recess in weekday. Because 
this is a population study with large sample size, the true outdoor 
time was not recorded and presented in this study. The other 
limitation of this study was that it did not include the myopia 
treatment as a covariate. Further study is necessary.

Near work behaviour played a role in myopia and myopia 
progression. In MIT by Hsu in 1- year follow- up, myopia fast 
progression was associated with a greater myopic SE at baseline 
(RR 0.67, 95% CI 0.61 to 0.72) and a shorter eye- object distance 
when doing near work.8 In teenagers aged 12 years, in 2353 
Australian children, close reading distance (30 cm) were associ-
ated with a more myopic refraction after adjustment for age, 
sex, ethnicity and school type.7 In one study in China, from total 
1770 students (mean age=12.7), close reading distance were 
significantly associated with greater myopia (p<0.01).

One study reported that continuous reading over 45 min was 
associated with greater RR.10 Our study proved another fact 
that longer distance >30 cm had a prompt protective effect in 
reducing myopic progression in 6 months follow- up.

After literature review, most reported results of myopia 
risk factors were from cross- sectional studies. This is a large, 
prospective population study to report longitudinal comparison 
of protective behaviours on myopia by cycloplegic refraction 
every 6 months for 2 years. The value of this study is to identify 
the impacts of near work distance, continuous near work and 
outdoor activity on myopia prevalence and progression in chil-
dren. With wide spread of message from our results, emphasis 
on proper study behaviour, the public health associated institutes 
could have practical method on myopia prevention.

One limitation of this study lied on absence of refraction of 
students who were not enrolled, but a majority of students (78%) 
participated in the city- wide study reduced the bios of absence 
of control group. The other limitation was that study behaviours 
of near working distance and near work time might change 
in each student, so the results from questionnaire might have 

bias. But in this study, the myopia- associated habits of 74.3% of 
students remained unchanged throughout the study. To simplify 
the impact, only children who maintained the same behaviours 
for 2 years were investigated in this study. Here, we presented 
evidence of significant protective effects of three behaviours 
in myopic children. We found longer distance >30 cm when 
doing near work, discontinuing near work every 30 min and 
more outdoor activity during recess in weekday could decrease 
myopia prevalence and reduced progression in 6 months to 
2 years. Longer near work distance presented the most obvious 
impact than the other two behaviours.

In conclusion, near work distance played a key role in accel-
erating myopia progression in certain paediatric group. Given 
the widespread emphasis on maintenance of proper distance 
when doing near work in childhood could be helpful in myopia 
prevention worldwide.
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