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IMPORTANCE Myopia has reached epidemic levels in parts of East and Southeast Asia.

However, there is no effective intervention to prevent the development of myopia.

OBJECTIVE To assess the efficacy of increasing time spent outdoors at school in preventing

incident myopia.

DESIGN, SETTING, AND PARTICIPANTS Cluster randomized trial of children in grade 1 from 12

primary schools in Guangzhou, China, conducted between October 2010 and October 2013.

INTERVENTIONS For 6 intervention schools (n = 952 students), 1 additional 40-minute class

of outdoor activities was added to each school day, and parents were encouraged to engage

their children in outdoor activities after school hours, especially during weekends and

holidays. Children and parents in the 6 control schools (n = 951 students) continued their

usual pattern of activity.

MAIN OUTCOMES ANDMEASURES The primary outcomemeasure was the 3-year cumulative

incidence rate of myopia (defined using the Refractive Error Study in Children spherical

equivalent refractive error standard of �−0.5 diopters [D]) among the students without

establishedmyopia at baseline. Secondary outcomemeasures were changes in spherical

equivalent refraction and axial length among all students, analyzed using mixed linear models

and intention-to-treat principles. Data from the right eyes were used for the analysis.

RESULTS There were 952 children in the intervention group and 951 in the control group with

a mean (SD) age of 6.6 (0.34) years. The cumulative incidence rate of myopia was 30.4% in

the intervention group (259 incident cases among 853 eligible participants) and 39.5% (287

incident cases among 726 eligible participants) in the control group (difference of −9.1%

[95% CI, −14.1% to −4.1%]; P < .001). There was also a significant difference in the 3-year

change in spherical equivalent refraction for the intervention group (−1.42 D) compared with

the control group (−1.59 D) (difference of 0.17 D [95% CI, 0.01 to 0.33 D]; P = .04). Elongation

of axial length was not significantly different between the intervention group (0.95mm) and

the control group (0.98mm) (difference of −0.03mm [95% CI, −0.07 to 0.003mm];

P = .07).

CONCLUSIONS AND RELEVANCE Among 6-year-old children in Guangzhou, China, the addition

of 40minutes of outdoor activity at school compared with usual activity resulted in a reduced

incidence rate of myopia over the next 3 years. Further studies are needed to assess

long-term follow-up of these children and the generalizability of these findings.
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M
yopia has reached epidemic levels in young adults

in some urban areas of East and Southeast Asia.1 In

these areas, 80% to 90% of high school graduates

now have myopia and approximately 20% have high myopia

(defined as ≤−6 diopters [D]).2 Myopia also appears to be in-

creasing, albeit more slowly, in populations of European and

Middle Eastern origin.3,4 The increasing prevalence of myo-

pia is of worldwide concern.

Myopia poses a considerable personal and societal bur-

den because of the need for correction of refractive errors to

avoidvisual impairment. In addition, early-onsetmyopiamay

progress to high myopia and the need for expensive treat-

ment for its multiple sight-threatening pathological conse-

quences, such as myopic macular degeneration.5

Currently, there is no effective intervention for preventing

theonsetofmyopia.Attempts to slowmyopicprogression (the

progressive increase in severity of myopia throughout child-

hood)byusingcorrective lenseshavehadonly limitedsuccess,6

although low-dose atropine eyedrops show promise.7,8

Recent studies suggest that time spent outdoorsmaypre-

vent the development of myopia.9,10 The protective associa-

tion appears to be related to total time spent outdoors, rather

than engagement in sport activities, because time spent en-

gaged in an indoor sport activity is not associated with lower

likelihood of myopia.10 However, randomized trials are re-

quired to establish causality and to provide evidence of suf-

ficient quality to inform public policy.

The purpose of this study, the Guangzhou Outdoor Activ-

ity Longitudinal Trial, was to assess the efficacy of increasing

time spent outdoors in preventing the onset of myopia in

Chinese children.

Methods

Study Design

This cluster randomized, school-based trialwas conducted in

Guangzhou, China, to assess the efficacy of increasing time

spentoutdoors inpreventing thedevelopmentofmyopiaover

a 3-year period. Ethics approval was obtained from the hu-

man ethics committee of the Zhongshan Ophthalmic Center

and theGuangzhouMinistryofEducation.The studywas con-

ducted in accordancewith the tenets of theWorldMedicalAs-

sociation’s Declaration of Helsinki.11

Since 1987, students in all grades in 30 government-

operated primary schools in Guangzhou, China, have re-

ceived annual visual acuity tests as part of a health surveil-

lance program. Schools are located over the 6 districts of

Guangzhou, providing a representative sample.12

In early 2009, all 30 schools accepted an invitation to par-

ticipate in this trial.Oneschoolwasexcludeddueto incomplete

visualacuitydata.Theremaining29schoolswerestratified into

6stratabasedonvisual acuitydistribution, assessedbyahisto-

gramof studentswithnormalvisual acuity (uncorrectedvisual

acuity in righteye>20/25)with school level in2008fromgrade

1 tograde6(eFigure inSupplement1).Eachstratumrepresented

different patterns of myopia with age. Two schools were ran-

domlyselected fromeachof the6strata,with 1 schoolallocated

to the interventionand1schoolallocatedto thecontrol. Schools

in the interventionandcontrol groupswerematchedclosely in

termsoflongitudinal lossofvisualacuity,whichcorrelatesclosely

with thedevelopmentofmyopia inchildren.12This randomiza-

tionprocesswasperformedwithasimplerandomsamplingusing

SASversion9.2 (SAS Institute Inc),which generated 12 schools

in 6 strata as the participating schools for the study.

Cluster randomization by schoolwas chosen as the study

design because school-based interventions can change stu-

dents’ behavior through mandatory changes in curriculum.

Randomization by class was considered, but it is not compat-

ible with interventions involving a parent education cam-

paign. With this study design, masking was not feasible.

Dataatbaselineweregatheredonchildren ingrade 1 (ages:

6-7 years), with annual follow-up to grade 4. Students in pri-

mary schools in China generally do not change schools.

Intervention and Supervision of Implementation

Information sessionswere conducted for principals andhead

teachersofgrade1 inparticipatingschools.Beforebaselinedata

collection, all 12 participating schools held information semi-

nars for parents, inwhich study staff answeredquestions and

collected consent forms. Only those who gave consent were

enrolled at baseline. Given the potential discomfort after un-

dergoing cycloplegic refraction, theparentswere asked for ad-

ditional consentbefore theexaminationateach follow-upvisit.

Cycloplegic refraction was performed only on those children

who had parental consent. Otherwise, cycloplegic refraction

was not performed; however, other assessments, including

axial length and corneal curvature, were conducted.

Increasingtimespentoutdoorswas implemented in2ways.

First, anadditional40-minuteoutdooractivityclasswassched-

uled at the end of each school day throughout the school year

intheinterventionschools(whichwasapproximately9½months

per year, with 2½months as school holiday). The intervention

started at the beginning of September 2009. Participation in

these classes was compulsory whether or not there was con-

sent forassessment.Anoutdooractivityprogrambrochurewas

distributed tograde1classes.Thesupervising teacherandhead

teacher were asked to fill in forms to report the outdoor activi-

ties (eMethods 1 in Supplement 1). To maximize compliance,

study staff went to 2 of the 6 intervention schools each day to

inspect the outdoor classes without prior notice. The fre-

quencyofschoolvisitswasreducedto1dayperweekduringthe

third year of the study. Details of compliancewere recorded.

The secondpart of the interventionwas aimed at increas-

ingtheengagementofchildren inoutdooractivitiesafter school

hours, especiallyduringweekendsandholidays.Thiswaspro-

moted to parents and children by providing items such as

school bags, umbrellas, water bottles, and hats with outdoor

activity logos. Childrenwere rewarded for completing a diary

ofweekendoutdooractivities anda regularnewsletterwasdis-

tributedtoparents.Childrenandparents incontrol schoolscon-

tinued their usual patterns of activity.

Measurements

Theeyeexaminationswereperformedat schoolby 1 seniorop-

tometrist, 3 ophthalmic nurses, and 1 fellowship-trainedoph-
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thalmologist, who were not masked to the randomization

group. Field work was preceded by training sessions and pi-

lot exercises at 1 primary school. The examination protocols

were based on protocols used in the Refractive Error Study in

Children (whichwas amulticountry, population-based study

in children organized by the World Health Organization).13

When possible, noncontact measurements were taken.

Height and weight were measured. Visual acuity was as-

sessed by following standard procedures using tumbling

E ETDRS charts (Precision Vision).13 Cover and uncover tests

were used to identify tropia at both near and distance.

Cycloplegia was then induced with 3 eyedrops of 1% cy-

clopentolate administered to each eye at 0, 5, and 20 min-

utes. Pupil light reflex and pupil dilation were checked after

an additional 15 minutes and recorded. Full cycloplegia was

assumed if the pupil dilated to 6 mm or greater and the light

reflexwasabsent.Beforedilation, axial lengthandcorneal cur-

vature weremeasured by noncontact partial-coherence laser

interferometryusing the IOLMaster (Carl ZeissMeditec).Three

measures were taken for the right eye only.

Autorefraction using the Topcon 8800K was then per-

formed,with 3measurements taken on the right eye and 3 on

the left eye. Themeanvalue of 3 validmeasurementswas cal-

culated. Follow-up examinations (during 2011-2013)were the

sameas at baseline in 2010 and conductedby the sameexam-

inerswhenpossible andusing the sameequipment. Thebase-

line and follow-up examinations were performed during the

same time of year (October to November).

Information on risk factors for myopia, including family

myopic status and the child’s daily activities, was collected

using questionnaires (eMethods 1 and eMethods 2 in

Supplement1),withannual responses rates rangingfrom92.4%

in 2009 to 99.2% in 2011.

Outcomes

The primary outcome of the studywas the 3-year cumulative

incidencerateofmyopia inthe interventionandcontrolgroups.

Myopia was defined as a spherical equivalent refractive error

(sphere +½ cylinder) of at least −0.50 D. This definition was

chosen based on the Refractive Error Study in Children.13 In-

cidentmyopiawasdefinedasmyopiadetected inchildrenwho

did not have myopia at baseline.

Secondary outcomeswere the changes inmean spherical

equivalent andaxial lengthover 3years.Data for the right eyes

wereprimarily used for analysis because refraction andbiom-

etry in the right and left eyes were highly correlated; how-

ever, sometimes data were available only for the left eye and

were used for analysis. Only the children with successful cy-

cloplegic refractionwere included in theanalysis for the3-year

incidence rate of myopia. In the rare cases in which the par-

ticipantwas classified as havingmyopia based on cycloplegic

refractiondata at both the first- and second-year visit, butwas

without cycloplegic refraction data at the third-year visit, the

participantwasclassifiedashaving incidentmyopia.Theanaly-

sis on the changes of axial length and corneal curvature did

not require successful cycloplegic refraction.

Time per day spent outdoors outside of school hours was

assessed from the questionnaire on children’s daily activity.

The average daily time spent outdoors during the school se-

mester days (Tschool) was calculated using the time spent out-

doors on weekdays (Twd) and on weekends (Twe):

Tschool = (Twd × 5 + Twe × 2) ÷ 7

Time spent outdoors during theweekends (Twe)was used as a

proxy for time spent outdoors during the summer andwinter

holidays (3 months per school year). Therefore, the average

daily time spent outdoors during 1 school year (Tyear) was cal-

culated as:

Tyear = (Tschool× 9 + Twe × 3) ÷ 12

Examination forms and questionnaireswere reviewed for ac-

curacy and completeness before data entry at the Zhongshan

Ophthalmic Center and checked with data cleaning pro-

grams. The study protocol is provided in Supplement 2.

Statistical Analysis

The sample sizewas calculated using amethod that accounts

for the intracluster correlation coefficient (which is the ratio

of between-cluster variance to between- and within-cluster

variance), thenumber of events, the expected effect size, and

the intendedpower of the study. The cluster sizewas approxi-

mately 120 (which is the average number of students in grade

1 at each school); the rate of incident myopia was estimated

to be 10% per year from grade 1 to grade 43; the expected re-

duction in rate of incidentmyopiawas set at 50%; and the in-

tracluster correlationcoefficientwasassumedtobe0.02based

on a calculation from theRefractiveError Study inChildren.13

This would require a total of 5 matched clusters, assuming a

power level of 90% and a 2-sided α of .05. Further assuming

participation rates of 90% and loss to follow-up of less than

5% per year led to a total of 6 matched clusters with 120 stu-

dents per class.

In the descriptive analysis of baseline characteristics, the

difference in spherical equivalent refraction and axial length

betweenthe interventionandcontrolgroupswasassessedwith

standard parametric tests (t test) if data were normally dis-

tributed and nonparametric tests (Mann-Whitney test) if the

data were not normally distributed.

Theanalysesontheprimaryandsecondaryoutcomeswere

performedbasedonintent-to-treatprinciples.Theprimaryout-

come was the 3-year cumulative incidence rate of myopia

among the students without established myopia at baseline.

The students with unsuccessful cycloplegic refraction were

considered asmissing data. The difference in the cumulative

incidence rate of myopia was calculated using exact uncon-

ditionalmethods basedon theFarrington-Manning score sta-

tistic. Changes in spherical equivalent refraction and axial

length were compared between the intervention and control

groups using mixed-effects models with unstructured cova-

riance structures after comparing other covariate structures,

such as the variance component, compound symmetry, first-

order autoregressive, and Toeplitz, based on the smallest

Akaike information criterion and Bayesian information crite-

rion values.

All of themodel covariateswere adjusted for age and sex.

Treatment assignment, time, and treatment × time interac-

Research Original Investigation Development of Myopia Among Children in China

1144 JAMA September 15, 2015 Volume 314, Number 11 (Reprinted) jama.com

Copyright 2015 American Medical Association. All rights reserved.

Downloaded From: http://jamanetwork.com/ by Laura Vasilakos on 10/17/2016



Copyright 2015 American Medical Association. All rights reserved.

tions were included as fixed effects. The cluster was consid-

ered as a random effect. Mean changes and 95% confidence

intervalsderived fromthemixedmodelswerecalculated. Sen-

sitivity analyses were conducted to assess alternate thresh-

olds defining myopia (−0.75 D and −1.00 D). Post hoc regres-

sion analysis was conducted, adjusting for the presence of

myopia in 1 or both parents.

For the primary outcome, a 1-sided P value was consid-

eredand thecorresponding 1-sidedsignificance levelwas .025.

All other P values were based on 2-sided tests (P < .05 consid-

eredsignificant).StatisticalanalyseswereperformedusingStata

version 12 (StataCorp) and SAS version 9.2 (SAS Institute Inc).

Results

Twelve schools were randomized (6 to the intervention

group and 6 to the control group; Figure). Of 1903 children

Figure. Flow of Participants in the GuangzhouOutdoor Activity Longitudinal Trial

12 Schools selected (2 chosen at each of 6
visual acuity distribution strata) a

1 School excluded (incomplete visual acuity data)

12 Schools randomized

33 Students excluded

11 No parental consent

22 Had systemic or eye pathologies

14 Tropia

6 Amblyopia

2 Intellectual disability b

22 Students excluded

3 No parental consent

19 Had systemic or eye pathologies

13 Tropia

6 Amblyopia

6 Schools randomized to additional
outdoor activity intervention

952 Students assessed for eligibility
(mean, 159 students per school;
median, 152 students; range,
96-227 students)

6 Schools randomized to continue usual
pattern of activity

951 Students assessed for eligibility
(mean, 159 students per school;
median, 134 students; range,
82-252 students)

919 Students assessed (6 schools; mean,
153 students per school; median, 148
students; range, 90-220 students)

869 Had cycloplegic refraction

50 Did not have cycloplegic refraction

929 Students assessed (6 schools; mean,
155 students per school; median, 129
students; range, 81-245 students)

740 Had cycloplegic refraction

189 Did not have cycloplegic refraction

49 Students lost to follow-up

0 Discontinued intervention

38 Students lost to follow-up

0 Discontinued intervention

30 Schools with documented annual visual
acuity data in health surveillance program
in Guangzhou, China

919 Students included in the secondary
outcome analysis of axial length
(6 schools; mean, 153 students per
school; median, 148 students; range,
90-220 students)

853 Students included in the primary
outcome analysis (6 schools; mean,
142 students per school; median,
138 students; range, 85-207 students)

66 Excluded

50 Did not have cycloplegic refraction

16 Had spherical equivalent refraction
≤–0.5 D

869 Students included in the secondary
outcome analysis of spherical equivalent
refraction (6 schools; mean, 145 students
per school; median, 141 students; range,
86-210 students)

50 Excluded (did not have cycloplegic
refraction)

929 Students included in the secondary
outcome analysis of axial length
(6 schools; mean, 155 students per
school; median, 129 students; range,
81-245 students)

726 Students included in the primary
outcome analysis (6 schools; mean,
121 students per school; median,
109 students; range, 68-212 students)

203 Excluded

189 Did not have cycloplegic refraction

14 Had spherical equivalent refraction
≤–0.5 D

740 Students included in the secondary
outcome analysis of spherical equivalent
refraction (6 schools; mean, 124 students
per school; median, 111 students; range,
68-217 students)

189 Excluded (did not have cycloplegic
refraction)

a Subjectively stratified into 6 strata based on historic visual acuity distribution

illustrated as a histogram of the percentage of students with normal vision.

bDefined based on self-reportedmedical history.
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(952 in the intervention group and 951 in the control group),

87 (4.6%) withdrew during the 3 years the trial was con-

ducted (49 [5.1%] in the intervention group and 38 [4.0%] in

the control group), primarily due to the children changing

schools. Only the children with cycloplegic refraction were

included in the analysis on incident myopia. Parental

refusal for cycloplegic refraction was the reason for the

majority of children who did not undergo the examination.

The reasons cycloplegic refraction was not performed at

each visit appear in eTable 1 in Supplement 1. The baseline

characteristics of students in the intervention and control

groups by consent or refusal for cycloplegic refraction

appear in eTable 2 in Supplement 1; there were no statisti-

cally significant differences.

School visit compliance records indicated that among734

school visits, successful implementation of the outdoor class

were observed in 613 (83.5%). Among 121 visits with unsuc-

cessful implementation, 64 (52.9%) were due to inclement

weather, such as rain or extremely low temperatures during

the winter months. Detailed compliance data are summa-

rized in eTable 3 in Supplement 1.

The characteristics of the students in the intervention

and control groups at baseline were similar (Table 1). The

mean (SD) age of the children was 6.57 (0.32) years in the

intervention schools and 6.61 (0.33) years in the control

schools (P = .01). There were no significant baseline differ-

ences between the intervention and control groups in sex,

prevalence of myopia, or mean spherical equivalent refrac-

tion. The mean (SD) axial length was 22.60 (0.71) mm in the

intervention schools and 22.66 (0.70) mm in the control

schools (P = .05). The proportion of parents with myopia

was lower in the intervention group (53.6%) compared with

the control group (59.8%; P < .001).

The primary and secondary outcome measures in the 2

groups at the 3-year follow-up appear in Table 2. The 3-year

cumulative incidence rate of myopia was 30.4% (259 inci-

dent cases among 853 eligible participants at baseline) in

the intervention group and 39.5% (287 incident cases

Table 2. Refractive and Biometric Outcomes at 3-Year Follow-up of the GuangzhouOutdoor Activity Longitudinal Triala

Intervention Group Control Group Difference (95% CI) P Value

Cumulative incidence of myopia 259/853 (30.4)b 287/726 (39.5)b −9.1 (−14.1 to −4.1)c <.001

Cumulative change, mean (95% CI)d

Spherical equivalent refraction, D −1.42 (−1.58 to −1.27) −1.59 (−1.76 to −1.43) 0.17 (0.01 to 0.33) .04

Axial length, mm 0.95 (0.91 to 1.00) 0.98 (0.94 to 1.03) −0.03 (−0.07 to 0.003) .07

a The calculation on all outcomes was based on right eye data only.

bCumulative number of cases of incident myopia/number of analyzed

participants (%).

c Expressed as a percentage and calculated using exact unconditional methods

based on the Farrington-Manning score statistic.

dDerived frommixedmodels.

Table 1. Baseline Characteristics of Participants in the GuangzhouOutdoor Activity Longitudinal Trial

Intervention Group
(n = 919)a

Control Group
(n = 929)a P Value

Age, mean (SD), y 6.61 (0.33) 6.57 (0.32) .01

Boys, No. (%) 489 (52.58) 509 (54.61) .38

Height, mean (SD), cm 120.29 (0.17) 120.51 (0.16) .36

Weight, mean (SD), kg 22.54 (0.15) 22.56 (0.14) .93

Body mass index, mean (SD)b 15.48 (0.07) 15.45 (0.07) .71

Wearing glasses, No. (%) 47 (5.11) 40 (4.31) .41

Uncorrected visual acuity,
median (IQR)

0.80 (0.80-0.80) 0.80 (0.80-1.00) .16

Spherical equivalent refraction,
mean (SD), Dc

1.30 (0.97) 1.26 (0.81) .42

Prevalence of myopia,
No./total (%)c

16/869 (1.84) 14/740 (1.89) .94

Axial length, mean (SD), mm 22.60 (0.71) 22.66 (0.70) .05

Corneal radius of curvature,
mean (SD), D

43.54 (1.64) 44.42 (1.40) .08

Time spent outdoors outside of
school hours, median (IQR),
min/d

46.1 (30.00-68.04) 46.07 (30.00-67.50) .34

Parental myopia, No. (%)

0 376 (46.36) 273 (40.21)

.0011 306 (37.73) 245 (36.08)

Both 129 (15.91) 161 (23.71)

Abbreviation: IQR, interquartile

range.

a Right eye data for students who had

informed consent and completed

baseline examination.

bCalculated as weight in kilograms

divided by height in meters

squared.

c Right eye data for children with

cycloplegic refraction only.
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among 726 eligible participants at baseline) in the control

group (difference of −9.1% [95% CI, −14.1% to −4.1%]). The

intracluster correlation coefficient was 0.023 for the pri-

mary outcome, 0.009 for spherical equivalent refraction,

and 0.009 for axial length.

In the primary outcome analyses in which the threshold

for defining myopia was changed to −0.75 D, the cumulative

incidence rate ofmyopiawas 24.2% in the intervention group

and 31.1% in the control group (difference of −6.8%,which re-

mained statistically significant; P = .003). In the analyses in

which the threshold for defining myopia was −1.0 D, the cu-

mulative incidence rate ofmyopiawas 20.4% in the interven-

tiongroupand25.5% in thecontrol group (differenceof−5.1%;

P = .02; eTable 4 in Supplement 1). In a post hoc logistic re-

gression model adjusting for parental myopia, the odds ratio

for 3-year incidence rate of myopia in the intervention group

comparedwiththecontrolgroupwas0.73 (95%CI,0.57 to0.92;

P = .01).

Cumulative change in spherical equivalent refraction

(myopic shift) after 3 years was significantly less in the inter-

vention group than in the control group (mean of −1.42 D vs

−1.59 D, respectively; difference of 0.17 D [95% CI, 0.01 D to

0.33 D]; P = .04). Cumulative axial elongation was not signifi-

cantly different.

In each year of the trial, children in the 2 groups reported

similar amountsof timespentoutdoorsoutsideof schoolhours

(Table 3).

Discussion

Increasing the amount of time that children spent outdoors

at school resulted in statistically significant reductions in

incident myopia and myopic shift in refraction over 3 years.

Two other trials of shorter duration and with smaller sample

sizes have reported similar results. A study of 571 students

aged 7 to 11 years in Taiwan reported a 1-year reduction in

the incidence rate of myopia of 8.4% in the intervention

group vs 17.7% in the control group.14 A 1-year school-based

trial of 80 students aged 7 to 11 years in Changsha, China,

reported a reduction in myopia progression.15

Our study achieved an absolute difference of 9.1% in the

incidence rate of myopia, representing a 23% relative reduc-

tion in incidentmyopia after 3 years, whichwas less than the

anticipated reduction.However, this is clinically importantbe-

cause small childrenwhodevelopmyopia early aremost likely

to progress to high myopia (≤−6 D), which increases the risk

of pathologicalmyopia.16Thus a delay in the onset ofmyopia

in young children, who tend to have a higher rate of

progression,17 could provide disproportionate long-term eye

health benefits.

The education campaign directed at parents in the inter-

vention group appears to have had no effect on time spent

outdoors outside school hours (Table 3). Thus, the interven-

tion length was approximately 40 minutes per day of

increased time spent outdoors for 5 school days per week

during school terms, which in China lasts 9½months. Moni-

toring suggested that compliance was high in the interven-

tion schools.

The school-based trial inTaiwan14 reported a reduction in

incident myopia of approximately 50% in 1 year, but student

behavior was not closely monitored. The intervention in-

volved locking the children out of their classrooms during

school recesses, possibly delivering as much as 80 minutes

spent outdoors per day on school days. This is more than

whatwas achieved in our trial, and appears to have produced

a greater protective effect, suggesting a dose-response

relationship.

The effect of these interventions should be compared

with the effect sizes expected from epidemiological data in

observational studies. In the Orinda Longitudinal Study of

Myopia,10 spending 10 to 14 hours per week “engaging in

outdoor and sport activities” compared with 0 to 5 hours

per week was associated with approximately half the risk of

developing myopia. If “engaging in outdoor and sport activi-

ties” is equivalent to time spent outdoors, approximately 90

minutes per day of additional time spent outdoors was asso-

ciated with a 50% lower risk of developing myopia. In the

Sydney Myopia Study 5-year follow-up,18 approximately 1

additional hour per day of time spent outdoors was associ-

ated with a reduction in the incidence rate of myopia from

23.3% to 8.3%. Thus, the magnitude of the effects in the

randomized trials is broadly consistent with existing epide-

miological data.

The limitations of this study should be noted. First,

sample size estimation was based on a 50% reduction of

incident myopia; however, we did not observe this amount

of reduction. Given that the actual sample size was greater

than planned, the results were nevertheless statistically sig-

nificant. Second, incomplete participation due to refusal of

cycloplegic refraction was more frequent in the control

group, which could have biased the results; however, the

data in eTable 2 in Supplement 1 suggest that participants

who received cycloplegic refractions and those who did not

Table 3. Time Spent Outdoors Outside of School Hours at Baseline and Follow-up Visits in the Guangzhou

Outdoor Activity Longitudinal Trial

Time

Median (IQR), min/d

P ValueaIntervention Group Control Group

Baseline 46.10 (30.00-68.04) 46.07 (30.00-67.50) .34

Follow-up, y

1 68.04 (47.41-97.86) 66.42 (46.07-94.29) .21

2 61.07 (35.89-88.93) 60.00 (35.36-88.39) .48

3 60.54 (33.21-88.39) 57.32 (33.21-88.93) .82

Abbreviation: IQR, interquartile

range.

a Calculated using theWilcoxon rank

sum test.
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were generally similar. The effect on the primary outcome is

also supported by the consistent findings for one of the sec-

ondary outcomes. Third, due to the nature of randomiza-

tion by schools, it was not possible to mask the examiners,

which may have led to observational bias. However, the pri-

mary and secondary outcomes relied on objective measure-

ment with devices that automatically generate results, mak-

ing observation bias likely minimal.

Conclusions

Among6-year-oldchildreninGuangzhou,China, theadditionof

40minutesofoutdooractivityatschoolcomparedwithusualac-

tivityresultedinareducedincidencerateofmyopiaoverthenext

3 years. Further studies are needed to assess long-term follow-

up of these children and the generalizability of these findings.
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