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ABSTRACT.

Outdoor time is considered to reduce the risk of developing myopia. The purpose is to evaluate the evidence for association
between time outdoors and (1) risk of onset of myopia (incident/prevalent myopia); (2) risk of a myopic shift in refractive
error and c) risk of progression in myopes only. A systematic review followed by a meta-analysis and a dose-response
analysis of relevant evidence from literature was conducted. PubMed, EMBASE and the Cochrane Library were searched
for relevant papers. Of the 51 articles with relevant data, 25 were included in the meta-analysis and dose-response analysis.
Twenty-three of the 25 articles involved children. Risk ratio (RR) for binary variables and weighted mean difference
(WMD) for continuous variables were conducted. Mantel-Haenszel random-effects model was used to pool the data for
meta-analysis. Statistical heterogeneity was assessed using the I test with I* > 50% considered to indicate high
heterogeneity. Additionally, subgroup analyses (based on participant’s age, prevalence of myopia and study type) and
sensitivity analyses were conducted. A significant protective effect of outdoor time was found for incident myopia (clinical
trials: risk ratio (RR) = 0.536, 95% confidence interval (CI) = 0.338 to 0.850; longitudinal cohort studies: RR = 0.574,
95% CI = 0.395 to 0.834) and prevalent myopia (cross-sectional studies: OR = 0.964, 95% CI = 0.945 to 0.982). With
dose-response analysis, an inverse nonlinear relationship was found with increased time outdoors reducing the risk of
incident myopia. Also, pooled results from clinical trials indicated that when outdoor time was used as an intervention, there
was a reduced myopic shift of —0.30 D (in both myopes and nonmyopes) compared with the control group (WMD = —0.30,
95% CI = —0.18 to —0.41) after 3 years of follow-up. However, when only myopes were considered, dose-response
analysis did not find a relationship between time outdoors and myopic progression (R* = 0.00064). Increased time outdoors
is effective in preventing the onset of myopia as well as in slowing the myopic shift in refractive error. But paradoxically,
outdoor time was not effective in slowing progression in eyes that were already myopic. Further studies evaluating effect of
outdoor in various doses and objective measurements of time outdoors may help improve our understanding of the role
played by outdoors in onset and management of myopia.
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Introduction

It was said that by the year 2050, nearly
half of the world’s population will have
myopia (short-sightedness) and nearly
one-tenth of the world’s population
will have high myopia (myopia worse
than —5.00D; Holden et al. 2016).
Myopia is already a major public
health concern in many countries in
East and South-East Asia (Morgan
et al. 2012), where the prevalence of
myopia has rapidly increased over the
past few decades (Morgan & Rose
2005) with nearly 80-90% of high
school graduates having myopia and
10-20% having sight-threatening high
myopia (Lin et al. 2004). Elsewhere in
the world, as in North America,
Europe and the Middle East, myopia
is also on the rise, albeit slower com-
pared with the prevalence in Asia (Bar
Dayan et al. 2005; Vitale et al. 2009).
Although easily correctable with spec-
tacles, contact lenses or refractive
surgery, uncorrected refractive errors
of which myopia is the most common
still remain a major cause of visual
impairment due to the lack of screening
and availability and affordability of
refractive correction (Resnikoff et al.
2008; Pascolini & Mariotti 2011). In
addition, progressive myopia is associ-
ated with increased risks of retinal
detachment, cataracts, glaucoma and
even blindness (Marcus et al. 2011;
Flitcroft 2012).

A number of interventions including
special multifocal-like soft contact
lenses, progressive addition or execu-
tive bifocal spectacle lenses, overnight
orthokeratology and atropine have
been shown to slow progression of
myopia (Hasebe et al. 2008; Sankar-
idurg et al. 2011; Berntsen et al. 2012;
Chia et al. 2012, 2016; Cho & Cheung
2012; Chen et al. 2013; Walline et al.
2013; Huang et al. 2016) and are
increasingly considered as part of the
tool kit that the practitioner has to
manage myopia. In contrast, with
respect to preventing the onset of
myopia, to date, outdoor time has been
the only factor that was found to be
protective. However, its role in con-
trolling progression in already myopic
eyes is not conclusive. Also, while
various theories such as increased light
exposure, release of dopamine from
retina, increased depth of field have
been suggested to explain the protec-
tive effect of outdoor time, the

mechanism remains to be elucidated
(French et al. 2013a). It remains that if
indeed the protective effect of outdoor
time is validated in independent stud-
ies, it paves the way for tackling the
rising burden of myopia in an econom-
ical and effective manner. In this
respect, a comprehensive analysis of
the existing literature on outdoor time
and myopia onset provides an avenue
to determine the efficacy of outdoor
time against onset and progression of
myopia. Indeed, Sherwin et al. (2012c)
performed and published a meta-ana-
lysis of seven cross-sectional studies
(published up until September 2011) on
the association between time outdoors
and myopia and reported that a one-
hour increase in the time spent out-
doors each day would reduce the risk
of prevalent myopia by 13.3%. How-
ever, using cross-sectional data, an
association between outdoor time and
myopia can be determined and it does
not establish if such an association led
to or was a result of myopia. In
addition, there have been a number of
longitudinal cohort studies and clinical
trials that were conducted recently to
determine whether outdoor time is
protective for myopia (Guggenheim
et al. 2012; French et al. 2013; Wu
et al. 2013; He et al. 2015; Jin et al.
2015).

We therefore performed a system-
atic review followed by a meta-analysis
and a dose-response analysis that
considers and includes data from more
recently published clinical trials since
the review of Sherwin et al. (2012) to
evaluate the effect of outdoor time on
the risk of incident/prevalent myopia,
the risk of a myopic shift in refractive
error and the risk of progression in
myopic eyes.

Subjects and Methods

Search strategy

A search of PubMed, EMBASE and the
Cochrane Library was undertaken for
articles published up to 30 December
2015 including the search terms:
‘outdoor*’, ‘outside’ in combination
with ‘myopia’, ‘nearsightedness’, ‘short-
sightedness’, ‘near-sight’, ‘near-sighted’,
‘near-sightedness’, ‘short-sight’, ‘short-
sighted’, ‘short-sightedness’ and ‘refrac-
tive error’. Each primary article
obtained from the search was studied
to determine its potential inclusion in the

review with no restriction placed on the
language of the article.

Study selection

Two reviewers (S.Y.X. and X.G.H.)
independently assessed the studies for
possible eligibility, and studies were
included if they (1) were human studies
that investigated the relationship
between outdoor time and myopia; (2)
investigated effect of outdoor time in
relation to the prevalence and incidence
of myopia and/or myopic shift or
progression; (3) reported an effect esti-
mate with a 95% CI or standard error
(SE) or provision of sufficient data to
calculate these values; and (4) reported
specific increased amounts of time
spent on outdoor activities (or the
ability to calculate this parameter from
the data provided) and the incidence of
myopia and/or myopia progression;
these studies were included in dose—
response analysis. The exclusion crite-
ria were as follows: (1) duplicates; (2)
nonhuman studies/experiments; (3)
topics investigating other aspects of
outdoor exposure (e.g. light exposure);
(4) articles reporting study design; and
(5) review, comments, letter or confer-
ence abstract. For studies that assessed
a single population, the most relevant
study was included.

Data extraction

Data were extracted by two reviewers
(S.Y.X. and J.J.Z.) independently for
authors, year of publication, location,
sample size, subject age, follow-up
duration, method of assessment of
outdoor activities, adjusted covariates
in multivariable analysis, outcomes
and their 95% CIs or standard devi-
ations, and information needed to
evaluate study quality. The studies
considered fell into three categories:
clinical trials, cohort studies and cross-
sectional studies.

Quality assessment

The methodological qualities of the
included studies were assessed inde-
pendently by both reviewers using an
adapted Downs and Black checklist
(Downs & Black 1998). The original
tool consists of 27 items rated as no/
unable to determine = 0 and yes = 1,
of which 25 items were applicable for
clinical trials evaluating healthcare




interventions, 15 for longitudinal
cohort studies, and 12 for cross-
sectional studies. Item 14 of the

checklist pertains to participant blind-
ing that is not suitable for an inter-
vention such as increased time
outdoors and was excluded. Because
few studies calculated the sample size
or reported post hoc statistical power,
question 27 was also excluded. For
longitudinal cohort studies, items
related to the intervention and control
groups (4, 5, 8, 1315, 19, 21-24) were
further omitted, and an additional
three items (9, 17, 26) regarding
follow-up were not applied for assess-
ment of the cross-sectional studies. As
varying number of items were used to
assess each study, a percentage value
(Items determined/Total items x 100)
was assigned for each study. A study
score of >66.8% was deemed high
quality, 33.4-66.7% deemed to be
medium and <33.3% considered to
be poor. Any discrepancies in data
extraction and scoring between the
two reviewers were resolved by discus-
sion, using the original article as the
reference.

Statistical analysis

Analyses were performed to determine
the association between outdoor time
and (1) risk of incident/ prevalent
myopia from pooled estimates and
dose-response analysis; (2) risk of a
myopic shift in refractive error (both
myopes and nonmyopes) from pooled
estimates; and (3) risk of progression of
myopia (in myopic eyes) from dose—
response analysis.

Statistical analyses were performed
with sTATA version 12.0 software
(STATA Corporation, College Station,
TX, USA). Dichotomous outcome data
were analysed using the pooled RR/odds
ratio (OR) with 95% CI and continuous
outcomes analysed using the WMD and
95% CI. The Mantel-Haenszel random-
effects model was used to pool the data
for meta-analysis and estimate the overall
effect with its 95% CI. Due to the varying
length of follow-up across the clinical
trials, the incidence of myopia and
myopic shift in refractive error were
estimated at 3 years. Data of studies with
one-year follow-up were multiplied by a
factor of 2.3, assuming that the progres-
sion reduces with age (Donovan et al.
2012; Wuet al. 2013; Jinet al. 2015). For
the cross-sectional studies, if the exposure

variable was defined as hours per day,
results were standardized to hours per
week by dividing the log(OR) and SE by 7
(Sherwin et al. 2012). Standard error
(SE) was estimated by dividing the width
of the CI by 2 x 1.96 (Chinn 2000).

A dose-response analysis based on
method proposed by Greenland & Long-
necker (1992) and Orsini et al. (2006)
was performed. Firstly, the amount of
increase in the time outdoors was calcu-
lated. For clinical trials conducted by He
et al. (2015) and Jin et al. (2015), the
additional time outdoors in the inter-
vention group was considered the
increase in time between the intervention
and control groups, whereas in that by
Wu et al. (2013) the exposure was
assumed from the time children were
not allowed to stay in their classrooms.
For those cohort studies where outdoor
time was measured as a categorical
variable, the increase in time outdoors
between groups was estimated by sub-
tracting the dose of high category with
the low. Specifically, the mid-point of the
upper and lower boundaries was consid-
ered the dose for each category; if the
highest category was open-ended, the
mid-point of the category was set at 1.5
times the lower boundary, whereas if the
lower boundary for the lowest category
was not provided, the assigned median
value was half of that of the upper
boundary. In longitudinal cohort stud-
ies, the RR was calculated from the OR
with correction for the incidence of
myopia in the sample studied, as previ-
ously described (Zhang & Yu 1998). A
scatter diagram was generated using
Microsoft Excel, and trends if any
between increased time outdoors and
the corresponding effect size was studied.

Statistical heterogeneity was assessed
using the /> test, with I > 50% consid-
ered to indicate high heterogeneity. For
estimates with high heterogeneity,
+2xTau, which is the standard devia-
tion across studies, is reported to present
the approximate 95% range of the
underlying effects. Sensitivity analysis
was also performed by sequentially
removing individual studies to deter-
mine whether it resulted in a substantial
change in the magnitude or direction of
the pooled estimates and heterogeneity.

Subgroup analyses were performed
to assess reliability and were based on
participant’s age groups, prevalence of
myopia (<20%, 20-80% and >80%)
and study type. Statistical significance
was maintained at p < 0.05.

Results

Search results

A total of 604 articles were identified
from searching the databases. After
removing duplicates, the title and
abstracts of 330 records were screened
and a further 252 articles excluded at
this stage. The full text of the remaining
78 articles was reviewed, articles that did
not meet the study criteria were
excluded, and a total of 51 articles
published between 2002 and 2015 were
included. (Peckham et al. 1977; Parssi-
nen & Lyyra 1993; Saw et al. 2000; Tan
et al. 2000; Saw et al. 2001; Mutti et al.
2002; Saw et al. 2002, 2006; Jones et al.
2007; Onal et al. 2007; Ip et al. 2008;
Rose et al. 2008a,b; Dirani et al. 2009;
Lu et al. 2009; Deng et al. 2010; Low
et al. 2010; Ming-Ming et al. 2010; Wu
et al. 2010; Zhang et al. 2010; Jones-
Jordan et al. 2011; Yi & Li 2011;
Guggenheim et al. 2012; Jones-Jordan
et al. 2012; Sherwin et al. 2012; Cheng
et al. 2013; French etal. 2013
Guo et al. 2013a,b; Wu et al. 2013; Xie
et al. 2013; Han et al. 2014; Lin et al.
2014; Parssinen et al. 2014; Read et al.
2014; Scheiman et al. 2014; Zhou
et al. 2014; Chua et al. 2015; Guo et al.
2015; Heet al. 2015; Jinet al. 2015; Lee
et al. 2015; Li et al. 2015; Oner et al.
2015; Pan et al. 2015; Ramessur et al.
2015; Saxena et al. 2015; Wen et al.
2015; Wuet al. 2015; Zadnik et al.2015;
Zhou et al. 2015) Of these, 25 studies
were finally considered for the analysis.
Figure 1 presents a flow diagram of the
procedure that resulted in the final list of
articles considered for the analyses.

Characteristics and quality of the articles
included

Table 1 details the relevant features of
the 25 articles. Briefly, the articles
included four clinical trials (2945 par-
ticipants), eight cohort studies (8363
participants) and 13 cross-sectional
studies (23 112 participants).

With respect to geographical loca-
tion of the studies considered in the
articles, 17 studies were conducted in
East Asia (China, Taiwan and Singa-
pore) with the remainder of the studies
from Australia (one cohort study and
one cross-sectional; Ip et al. 2008;
French et al. 2013), UK (one cohort;
Guggenheim et al. 2012), USA (two
cohort and two cross-sectional studies;
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Mutti et al. 2002; Jones et al. 2007;
Deng et al. 2010; Jones-Jordan et al.
2012) and Turkey (one cohort; Oner
et al. 2015). Participants in these stud-
ies were mostly schoolchildren aged
6-18 years with a small number of
studies considering other ages (children
aged 6-72 months (Low et al. 2010),
children aged 3 years (Chua et al.
2015), adults aged 18-24 years (Lee
et al. 2015) and adults aged 50 years or
older (Pan et al. 2015).

The quality assessment scores for the
articles ranged from 60% (Yi & Li2011;
Wuet al. 2013) to 100% (Ip et al. 2008;
Pan et al. 2015; mean = 79.99%) with
the most prominent deficiency being the
lack of representativeness of the
recruited participants. Selection of par-
ticipants based on a random cluster
sampling strategy was adopted in eight
studies, of which four studies used
stratified sampling (Low et al. 2010;
French et al. 2013; He et al. 2015; Zhou

et al. 2015), two studies used simple
sampling (Lu et al. 2009; Pan et al.
2015) and a single study from Ejina,
where only three schools were available,
recruited an unselected sample of con-
secutive participants (Guo et al. 2015).
Randomization was either not adopted
or not mentioned in the remaining 18
studies.

Ten studies compared the character-
istics of participants with those of
nonparticipants(Mutti et al. 2002; Ip
et al. 2008; Dirani et al. 2009; Lu et al.
2009; Low et al. 2010; Chua et al.
2015; He et al. 2015; Jin et al. 2015;
Lee et al. 2015; Pan et al. 2015). How-
ever, no significant difference was
reported in only four studies (Ip et al.
2008; He et al. 2015; Jin et al. 2015;
Pan et al. 2015).

Any adverse effects related to the
intervention such as the development
of skin and ocular cancers or growths
were not reported in any of the four

Records identified through
database searching (n = 604)

PubMed: 255
EMBASE: 330
Cochrane library: 19
< Duplicates removed
> (n=274)
\ 4
Records screened
(n=330)
Records excluded on title
> and abstract review
(n=252)
\ 4
Full-text articles assessed
for eligibility
(n=178)
Full-text articles excluded
o for not addressing relevant
associations
\ (n=27)

(n=51)

Articles included in
systematic review

\

|

Articles included in meta-
analysis and dose—response
analysis (n=25)
Clinical trial: 4
Cohort study: 8
Cross-sectional study: 13

A 4

Articles excluded from meta-
analysis and dose—response
analysis (n = 26)
Cohort study: 4
Cross-sectional study: 17
Myopic progression: 5

Fig. 1. Flow diagram of the literature search and study selection.

clinical trials, and additionally, the
examiners were not masked (Yi & Li
2011; Wu et al. 2013; He et al. 2015;
Jin et al. 2015).

Other reasons for loss of scores
included lack of adjustments for con-
founding factors (Yi & Li 2011; Jin
et al. 2015), lack of information
regarding participants lost to follow-
up (Yi & Li 2011; Guggenheim et al.
2012; French et al. 2013; Wu et al.
2013) and the absence of actual prob-
ability values (Deng et al. 2010).

Association between Outdoor time and
risk of Incident/Prevalent Myopia

Pooled estimates
Figure 2 details the results of pooled
main random-effects meta-analysis.
Data from the three clinical trials
shows significant protective effect of
increasing outdoor time for risk of
incident myopia during school recess
(RR = 0.536,95% CI = 0.338 to 0.850,
I? = 87.7%, p value for heterogeneity
<0.001, £2xTau = £0.743). Similarly,
pooled data from cohort studies com-
paring high versus low levels of outdoor
time found that high level of outdoor
time was significantly associated with a
reduced risk of incident myopia
(RR =0.574, 95% CI=0.395 to
0.834, I> = 70.9%, p value for hetero-
geneity = 0.032, £2xTau = +0.555).
The OR estimates from the cross-
sectional studies were pooled after their
conversion into a standardized effect
estimate, yielding a final OR of 0.964
(95% CI = 0.945 to 0.982, I* =93.2%, p
value for  heterogeneity <0.001,
+2xTau = £0.063) for myopia per
additional hour of time spent outdoors
per week.

Dose—response relationship

Five studies from America, Singapore,
UK, China and Taiwan (six cohorts)
were included in the dose-response
analysis, of which only the study in
Australia by French et al. (2013) inves-
tigated varying doses of outdoor time.
In this study, odds ratios for incident
myopia were significantly higher for
the lowest tertile (<13 hr/week in
younger cohort and <13 hr/week in
older cohort) of time outdoors com-
pared with the highest (>22.5 hr/week
in younger and older cohorts). Results
of the included five studies showed
curve linearity (Fig. 3) and an inverse
relation with increased time outdoors
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0.700 (0.510, 0.970)
0.686 (0.484, 0.963)
0.574 (0.395, 0.834)

0.975 (0.935, 1.015)
0.970 (0.950, 0.990)
0.988 (0.978, 0.998)
0.969 (0.944, 0.994)
0.991 (0.985, 0.997)
0.991 (0.965, 1.016)
0.850 (0.830, 0.869)
0.993 (0.977, 1.008)
0.915 (0.840, 0.994)
0.985 (0.976, 0.994)
1.140 (0.690, 1.890)
0.970 (0.940, 0.995)
0.917 (0.864, 0.974)
0.964 (0.945, 0.982)

|
.24

Reduced risk of incident/prevalent myopia

|
417

Increased risk of incident/prevalent myopia

Fig. 2. Forest plot corresponding to main random-effects meta-analysis performed to quantify the relationship between the time spent on outdoor
activities and the incidence or prevalence of myopia. All statistical tests were two-sided. CI = confidence interval. [Colour figure can be viewed at

wileyonlinelibrary.com].

associated with lowered risk of incident
myopia (R> = 0.586). Using the equa-
tion provided in Fig. 3, an increase of
8.9 hr of time outdoors per week com-
pared with the control or baseline, or
an increase of 76 min/day, was needed
to obtain a 50% reduction in incident
myopia, while an increase of 1 hr/day
or 7 hr/week will result in a 45%
reduction in incident myopia compared
with controls.

Sensitivity analysis

For clinical trial, when the RCT by He
et al. (2015) was excluded, the pooled
RR of the two CCTs was relatively
lower with reduced heterogeneity
(RR =0.435, 95% CI=0.344 to

0.550, I* = 0%, p value for heterogene-
ity = 0.829), while the exclusion of Jin
et al. (2015)) and Wu et al. (2013)),
respectively, resulted in higher RR with
still high heterogeneity (Table 2). For
cohort study, the exclusion of younger
cohort in study by French et al. (2013)
resulted in higher RR with reduced
heterogeneity  (RR =0.693,  95%
CI = 0.548 to 0.877, I* = 0%, p value
for heterogeneity = 0.933), while the
exclusion of older cohort in study by
French et al. (2013) and study by
Guggenheim et al. (2012), respectively,
resulted in relatively lower RR with
increased heterogeneity (Table 2). For
cross-sectional study, overall risk esti-
mates were not substantially modified

by any single study, with a range of
0.960 (95% CI: 0.939 to 0.982; Pan
et al. 2015) to 0.984 (95% CI: 0.979 to
0.991; Guo et al. 2013a). However,
following exclusion of the study by
Guo etal. (2013a), heterogeneity
decreased significantly (93.2% to
39.8% in I; Table 2).

Subgroup analysis
Figure 4 details the results of the sub-
group analysis.

When the trial type (RCT versus
CCT) was considered, the pooled RR
of the two CCTs indicated a stronger
protective effect with narrower 95% CI
(CCTs: RR =0.435,95% CI = 0.344 to
0.550). The effect of age was carried out
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Increased time outdoors (hrs/week)

Fig. 3. Dose-response analysis of the time spent outdoors and the risk of myopia (y: risk ratio;
and x: increased time spent outdoors). [Colour figure can be viewed at wileyonlinelibrary.com].

in both cohort and cross-sectional stud-
ies. In the cohort studies, the younger
age group of 6-year-olds had a stronger
protective effect (RR: 0.380, 95% CI:
0.259100.558) compared with older kids
aged 11-12 years. Both groups had
protective effects. However in the
cross-sectional studies, the protective

effect of outdoor time was not signifi-
cantly different between the three age
groups (<6, 618 and >18 years). It was
also observed from cross-sectional stud-
ies that the protective effect of outdoor
time was not significantly different
between the three groups of myopia
prevalence (<20%, 20-80% and >80%).

Table 2. Sensitivity analysis of the meta-analysis results of cross-sectional study.

Random-effects models Heterogeneity
Study excluded OR 95% CI P (%) p Value
Clinical trial
None 0.536 0.338 to 0.850 88.5 <0.001
He et al. (2015) 0.435 0.344 to 0.550 0.00 0.829
Jin et al. (2015) 0.589 0.340 to 1.018 92.9 <0.001
Wu et al. (2015) 0.594 0.323 to 1.091 80.0 0.025
Cohort Study
None 0.574 0.395 to 0.834 70.9 0.032
French et al. (2013) — younger cohort 0.693 0.548 to 0.877 0.00 0.933
French et al. (2013) — older cohort 0.514 0.288 to 0.917 80.2 0.025
Guggenheim et al. (2012) — 0.521 0.286 to 0.947 82.5 0.017
Cross-sectional Study
None 0.964 0.945 to 0.982 93.2 <0.001
Chua et al. (2015) 0.963 0.944 to 0.982 93.7 <0.001
Zhou et al. (2015) 0.963 0.943 to 0.983 93.7 <0.001
Pan et al. (2015) 0.960 0.939 to 0.982 93.7 <0.001
Guo et al. (2015) 0.963 0.944 to 0.983 93.7 <0.001
Lee et al. (2015) 0.960 0.937 to 0.983 93.2 <0.001
Zhou et al. (2014) 0.961 0.942 to 0.981 93.7 <0.001
Guo et al. (2013) 0.984 0.979 to 0.991 39.8 0.075
Low et al. (2010) 0.960 0.940 to 0.981 93.7 <0.001
Deng et al. (2010) 0.965 0.947 to 0.984 93.7 <0.001
Dirani et al. (2009) 0.961 0.938 to 0.983 93.7 <0.001
Lu et al. (2009) 0.963 0.945 to 0.982 93.7 <0.001
Ip et al. (2008) 0.963 0.944 to 0.983 93.7 <0.001
Mutti et al. (2002) 0.966 0.948 to 0.985 93.6 <0.001

Association between Outdoor time and
risk of myopic shift in refractive error

Pooled estimates

Data from three clinical trials were
pooled to estimate the relationship
between the time outdoors and risk of
a myopic shift in refractive error in both
myopes and nonmyopes (Fig. 5; Wu
et al. 2013; He et al. 2015; Jin et al.
2015). Increased time outdoors was
associated with a reduction in myopic
shift by —0.30 D in the intervention
group compared with the control group
(WMD = —0.30D, 95% CI = —0.18 to
—041D, P = 58.6%, p value for hetero-
geneity = 0.089, +2xTau = +0.155). The
pooled estimate from the CCT and RCT
studies showed that the CCT studies
showed a greater reduction in myopic
shift compared with the RCT studies
(CCTs: WMD = —0.34D, 95% CI =
—0.26 to —0.43 versus RCT: WMD =
—0.17D, 95% CI = —0.01 to —0.33).

Dose—response analysis

Six studies reporting on time outdoors
and the associated progression in
myopes were included in evaluation of
the dose-response relationship and
found the absence of a dose-response
relationship between an increased time
spent outdoors and myopic progres-
sion (R = 0.00064; Fig. 6). Only one
of the six studies showed a significant
protective effect of outdoor time on
myopic progression (mean difference
between control and test: —0.14, 95%
CI: —0.22 to —0.06; Yi & Li 2011).
Another study also showed a protective
effect (mean difference: —0.12, 95% CI:
—0.31 to 0.06); however, it did not
reach statistical significance (Wu et al.
2013). The other four cohort studies
reported a treatment effect ranging
from —0.003 D (Li etal. 2015) to
0.013 D (Saw et al. 2000) that were
not statistically significant.

Estimates of association in studies
excluded from meta-analysis and dose—
response analysis

Table 3 presents the details of the
articles excluded from the analyses.

Incidence|prevalence of Myopia

Twenty-one studies (four prospective
cohort studies (Peckham et al. 1977;
Onal et al. 2007; Jones-Jordan et al.
2011; Zadnik et al. 2015) and 17 cross-
sectional studies (Tan et al. 2000; Saw
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No. of Heterogeneity
Subgroups Comparison  RRIOR (95%Cl)  I-squared (%) p value
Clinical Trial
RCT < 1 0.768 (0.671, 0.880) 0.00 0.829
ccT _ 2 0.435 (0.344, 0.550)
Cohort
6 year —_—— 1 0.380 (0.259, 0.558)
11-12 year e 2 0.693 (0.548, 0.877) 0.00 0.933
Cross-sectional
Prevalence of Myopia
<20% 4 0.983 (0.967, 1.000) 55.5 0.081
20%-80% 7 0.951 (0.913, 0.990) 95.8 0.000
>80% 2 0.991 (0.985, 0.997) 0.00 0.586
Age
<6 year 2 0.991 (0.977, 1.006) 0.00 0.555
6-18 year 9 0.952 (0.924, 0.981) 95.3 0.000
>18 year 2 0.982 (0.965, 1.000) 47.0 0.170
T T
.24 417

Reduced risk of incident/prevalent of myopia

Increased risk of incident/prevalent myopia

Fig. 4. Subgroup analysis of the trials included to assess the relationship between outdoor
activities and the myopia incidence or prevalence, CI = confidence interval, RR = relative risk,
OR = odds ratio, RCT = randomized clinical trial, and CCT = controlled clinical trial. [Colour

figure can be viewed at wileyonlinelibrary.com].

et al. 2001, 2002; Rose et al. 2008a,b;
Ming-Ming et al. 2010; Wu et al. 2010;
Zhang et al. 2010; Sherwin et al. 2012;
Cheng et al. 2013; Xie et al. 2013; Han
et al. 2014; Lin et al. 2014; Read et al.
2014; Ramessur et al. 2015; Saxena
et al. 2015; Wen et al. 2015)) were
excluded from meta-analysis for analysis

Study
D

RCT
He et al 2015

Subtotal (l-squared =.%, p =.)

CCT
Jinetal 2015
Wu et al 2013

Subtotal (I-squared = 15.0%, p = 0.278)

Overall (l-squared = 58.6%, p = 0.089)

NOTE: Weights are from random-effects analysis

of incident/prevalent myopia. The qual-
ity scores of these studies ranged from
25% (Wen et al. 2015) to 86.7% (Jones
et al. 2007; mean = 63.93%)).

The reasons for exclusion were as
follows: nonavailability of multivariate
OR or RR (10 studies; Peckham et al.
1977; Tan et al. 2000; Saw et al. 2001,

WMD (95% CI)
i
i

0.17 (0.01, 0.33)

0.17 (0.01,0.33)

—+— 0.39(0.28, 0.51)
i
—_—

L=

0.30 (0.18, 0.41)

0.34 (0.26, 0.43)

0.30 (0.18, 0.41)

T
-.51
Increased myopic shift

Reduced myopic shift

Fig. 5. Forest plot corresponding to main random-effects meta-analysis performed to quantify the
mean difference in myopic shift in refraction in the whole sample between the intervention group,
with increased time spent outdoors, and the control group. All statistical tests were two-sided.
CI = confidence interval, and WMD = weighted mean difference. [Colour figure can be viewed at

wileyonlinelibrary.com].

2002; Rose et al. 2008; Ming-Ming
et al. 2010; Jones-Jordan et al. 2011;
Read et al. 2014; Wen et al. 2015;
Zadnik et al. 2015); exposure measured
as a categorical variable (six studies;
Onal et al. 2007; Wu et al. 2010; Sher-
win et al. 2012; Xie et al. 2013; Han
et al. 2014; Saxena et al. 2015); and
estimation of spherical equivalent
rather than prevalence of myopia (five
studies; Rose et al. 2008; Zhang et al.
2010; Cheng et al. 2013; Lin et al.
2014; Ramessur et al. 2015).

The participants of two cohort stud-
ies by Jones-Jordan et al. (2011) and
Zadnik et al. (2015) were schoolchil-
dren enrolled in the CLEERE. The
remaining two cohort studies by Onal
et al. and Peckham et al. had small
sample sizes (<500 participants). Zadnik
et al. (2015) did not found an associa-
tion between time outdoors and risk of
myopia onset in multivariate models
(data not shown), while the other three
studies observed a protective associa-
tion (Peckham et al. 1977; Onal et al.
2007; Jones-Jordan et al. 2011).

A total of 11 of the 17 cross-
sectional studies were carried out in
East Asia(Tan et al. 2000; Saw et al.
2001, 2002; Ming-Ming et al. 2010; Wu
et al. 2010; Zhang et al. 2010; Cheng
et al. 2013; Xie et al. 2013; Han et al.
2014; Lin et al. 2014; Wen et al. 2015),
and two additional studies included
participants from East Asia (Rose
et al. 2008a,b). Thirteen studies (Tan
et al. 2000; Rose et al. 2008a,b; Ming-
Ming et al. 2010; Wu et al. 2010;
Sherwin et al. 2012; Xie et al. 2013;
Han et al. 2014; Lin et al. 2014; Read
et al. 2014; Ramessur et al. 2015; Sax-
ena et al. 2015; Wen et al. 2015) sug-
gested that outdoor activities have a
protective effect against myopia, of
which two (Tan et al. 2000; Wen et al.
2015) studies did not demonstrate a
statistically significant association and
four studies (Saw et al. 2001, 2002;
Zhang et al. 2010; Cheng et al. 2013)
did not observe any relationship
between outdoor activities and myopia.

Myopic Shift in refractive error

A total of five cohort studies (Parssinen
& Lyyra 1993; Guo et al. 2013; Parssi-
nen et al. 2014; Scheiman et al. 2014;
Wu et al. 2015) that investigated the
association between outdoor time and
a myopic shift in refractive error were
excluded. Two of these studies investi-
gated myopic shift in refraction in the
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Fig. 6. Dose-response analysis of the time spent outdoors and myopic progression rate (y:
treatment effect or annual myopic progression, and x: increased time spent outdoors). [Colour

figure can be viewed at wileyonlinelibrary.com].

overall sample (Guo et al. 2013; Wu
et al. 2015). Increased time outdoors
was reported to be significantly associ-
ated with less myopic shift in these two
studies. The remaining three studies
investigated myopic shift in refraction
in baseline myopes (Parssinen & Lyyra
1993; Parssinen et al. 2014; Scheiman
et al. 2014), which was deemed as
myopic progression. No association
between time outdoors and myopic
progression was observed in study by
Scheiman et al. (2014). The two studies
carried out by Pirssinen et al. shared
the same baseline participants, with an
additional 20-year follow-up period in
the most recent study (Parssinen &
Lyyra 1993; Parssinen et al. 2014).
Although a slower rate of myopic pro-
gression was observed among the par-
ticipants who spent increased time
outdoors, a protective effect of outdoor
time for myopic progression could not
be determined because significant corre-
lations were also observed between the
amounts of outdoor, reading and TV
times during childhood and adulthood.

Discussion

The pooled results of this systematic
review and meta-analysis demonstrate
a protective effect of outdoor time for
the onset of myopia but not for myopic
progression. The results include an
additional six studies conducted since
the analysis of Sherwin et al. (2012) but
are in agreement with the previous

analysis and show that outdoor time
is protective for incident myopia (Sher-
win et al. 2012). However, the dose—
response analysis indicated that while
an increase in the time spent outdoors
could result in greater protection
against myopia onset, it did not result
in slowing the progression of myopia in
eyes that were already myopic.

Our dose-response analysis indi-
cated a curve linearity between
increased time outdoors and the risk
of myopia onset with a relatively good
fit (R* = 0.586). Based on this associa-
tion, an increase of approximately
76 min/day compared with control/
baseline time spent outdoors is needed
to obtain a 50% reduction in incident
myopia. However, it should be noted
that our analysis only considered stud-
ies wherein the increase in time out-
doors ranged from 1 to 9.8 hr/week
(Saw et al. 2006; French et al. 2013),
and thus, protective effect of time
outdoors if any beyond this upper limit
remains to be determined. Also the
threshold with respect to duration of
time outdoors required to prevent
myopia onset is unknown and requires
further investigation (Jones et al. 2007;
Rose et al. 2008a; French et al. 2013;
Lin et al. 2014). Interestingly, even in
those studies that failed to demonstrate
a protective effect, children with myo-
pia, on an average, spent less time
outdoors compared with those without
myopia. Lu et al. 2009 (Lu et al. 2009)
reported an average of 6.0 versus

6.2 hr/week spent on outdoor activities
in those with and without myopia, and
Zhang et al. (2010) reported an average
of 5.6 versus 5.7 hr in those with and
without myopia, respectively.

High heterogeneity was observed
among the studies, especially among
the cross-sectional studies. Sensitivity
analyses suggested some possible
sources of this heterogeneity. After
excluding the RCT (He et al. 2015),
the combined results of the two CCTs
indicated a much stronger protective
effect of outdoor time with lower hetero-
geneity (7 = 0%, p = 0.767). In the two
CCTs, the intervention and control
groups were from two nearby schools;
thus, potential contamination may have
occurred in relation to whether the
children in the intervention group had
asked their friends in the control group
to go outside to play together during
recess (Wu et al. 2013; Jin et al. 2015).
In addition, the two CCTs had less
hyperopic refraction at baseline. When
the younger cohort was omitted, the
pooled results for the remaining two
older cohorts suggested a less protective
effect against myopia when the children
who spent an increased amount of time
outdoors were compared to those who
spent a decreased amount of time
outdoors with lower heterogeneity
(P = 0%, p = 0.933). Following exclu-
sion of the study conducted by Guo
et al. (2013), the heterogeneity reduced
significantly, with a reduction in the />
value from 93.2% to0 39.8%. In the study
by Guo et al., noncycloplegic autore-
fraction was adopted and noncyclo-
plegic assessment of refractive status
has been shown to result in an overes-
timation of the prevalence of myopia
and misclassification of children with
low hyperopia as myopia; thus, the
protective effect of outdoor activities
was likely overestimated (Hu et al.
2015; Morgan et al. 2015).

Subgroup analysis of the cross-sec-
tional studies did not find significant
difference in protective effect of outdoor
time for the onset of myopia between
different age groups and different preva-
lence of myopia. However, it should be
noted that the number of comparisons is
fewer for ages <6 and >18 years and for
prevalence <20% and >80%; thus, this
finding needs to be confirmed in other
studies. On the other hand, subgroup
analysis of cohort studies indicated a
stronger protective effect of outdoor
activities in children aged 6 years
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compared with kids aged 11 to 12 years.
It is well known that the various ocular
components undergo growth and mat-
uration in younger children, and thus,
the ocular growth patterns may be more
sensitive to environmental influences
including outdoor time during this
period.

Our analysis also investigated a
myopic shift in refraction of the entire
population (i.e. considering both
myopes and nonmyopes), and the
pooled results from the clinical trials
considered in the meta-analysis demon-
strated that outdoor time was protec-
tive against a myopic shift in refractive
error. From the trials that were con-
sidered for the meta-analysis, He et al.
(2015) did not investigate the preven-
tive effect of outdoor activities on
baseline myopes because the prevalence
of myopia was too low at baseline. Wu
et al. (2013) have shown that partici-
pation in outdoor activities during
recess has a significant effect on myopic
shift in nonmyopic children but not in
myopic children.

Given the above, it appears that
outdoor time had a greater effect on
nonmyopic than on myopic eyes.
Indeed, when our analysis considered
studies that included only myopic chil-
dren, no significant association between
outdoor time and a myopic shift in
myopia was seen (Parssinen & Lyyra
1993; Saw et al. 2000; Jones-Jordan
et al. 2012; Parssinen et al. 2014; Schei-
man et al. 2014; Li et al. 2015; Oner
et al. 2015), with the exception of one
clinical trial (Yi & Li 2011). In this
clinical trial, the children in the inter-
vention group were instructed to par-
ticipate in less near- and middle-vision
activities and more outdoor activities;
thus, it may be that the significant
difference in myopic progression might
be due to a combined effect of outdoor
and near-vision activities rather than an
effect of outdoor activities alone. These
findings form the basis of an important
public health message, as increasing the
time spent outdoors was found to be
limited to preventing myopia onset and
myopic shift among the children who
were not yet myopic.

Questionnaires were frequently used
for evaluation of the time spent out-
doors, but they represent a potential
source of error due to inaccurate report-
ing or recall bias of participants.
Although questionnaires such as the
multi-item questionnaire developed for

the Sydney Myopia Study are repro-
ducible and sufficiently robust to detect
the effects of time spent outdoors on the
development of myopia (Rose et al.
2008; French et al. 2013), they need to
be validated against more objective mea-
sures, such as data obtained using wear-
able detectors, including HOBO light
metres (Dharani et al. 2012), actigraphy
devices (Read et al. 2014, 2015) and
systems based on GPS (Tandon et al.
2013). Biomarkers such as vitamin D
(Guggenheim et al. 2014; Tideman et al.
2016) and conjunctival UVAF (Sherwin
et al. 2012; Sherwinet al. 2012) have also
been investigated as objective measures
of sunlight exposure, although the rela-
tionship between sun exposure and
UVAF is currently unclear.

Our review has several limitations.
First, the heterogeneity was high among
the studies, especially the cross-sectional
studies. This high heterogeneity is pos-
sibly reflective of the differences in the
study designs, age and ethnicities of the
study populations. However, despite the
high heterogeneity, a protective effect of
outdoor time for myopia onset was
established in the majority of studies.
Secondly, dose-response analysis of
myopia onset in our review only sug-
gested the existence of an inverse non-
linear relationship with increased time
outdoors and myopia onset; however,
the threshold or the amount of time
outdoors required to reduce the inci-
dence of myopia remains to be deter-
mined. Finally, conversion of the
original effect estimates based on hours
of exposure per day to estimates based
on hours of exposure per week might
have potentially resulted in a bias as the
time spent outdoors could have varied
between weekdays versus weekends, and
such information was available from a
limited number of studies (Dirani et al.
2009; Deng et al. 2010; Low et al. 2010;
Guggenheim et al. 2012; Guo et al.
2013; Zhou et al. 2015).

In conclusion, this meta-analysis
demonstrates a protective effect of
improved outdoor time for onset but
not progression of myopia. These find-
ings indicate that (1) further research is
required to confirm and determine the
reasons for outdoor time not being
effective for myopic progression; and
(2) there is a need to determine the
optimal duration and strategy to
implement outdoor time as an inter-
vention to control or delay the onset of
myopia.
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