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SIGNIFICANCE: Our findings show that non-Dutch background, lower maternal education, and lower net house-
hold income level may be new risk factors for myopia development in the Netherlands. Newly introduced physical
activity spaces may not be effective enough in increasing outdoor exposure in children to reduce eye growth.

PURPOSE: The aims of this study were to evaluate socioeconomic inequalities in myopia incidence, eye growth,
outdoor exposure, and computer use and to investigate if newly introduced physical activity spaces can reduce
eye growth in school-aged children.

METHODS:Participants (N = 2643) from the Dutch population–based birth cohort Generation R were examined at
ages 6 and 9 years. Socioeconomic inequalities in myopia incidence, eye growth, and lifestyle were determined
using regression analyses. Information on physical activity spaces located in Rotterdam was obtained. Differences
in eye growth between those who became exposed to new physical activity spaces (n = 230) and those nonexposed
(n = 1866) were evaluated with individual-level fixed-effects models.

RESULTS:Myopia prevalence was 2.2%at age 6 years and12.2%at age 9 years. Outdoor exposure was 11.4 h/wk
at age 6 years and 7.4 h/wk at age 9 years. Computer use was 2.1 h/wk at age 6 years and 5.2 h/wk at age 9 years.
Myopia incidence was higher in children with non-Dutch background, and families with lower household income
and lower maternal education (odds ratio [OR], 1.081 [95% confidence interval, 1.052 to 1.112]; OR, 1.035
[95% confidence interval, 1.008 to 1.063]; OR, 1.028 [95% confidence interval, 1.001 to 1.055], respectively).
Children living <600 m of a physical activity space did not have increased outdoor exposure, except those from
families with lower maternal education (β = 1.33 h/wk; 95% confidence interval, 0.15 to 2.51 h/wk). Newly intro-
duced physical activity spaces were not associated with reduction of eye growth.

CONCLUSIONS: Children from socioeconomically disadvantaged families became more often myopic than those
from socioeconomically advantaged families. We did not find evidence that physical activity spaces protect against
myopia for the population at large, but subgroups may benefit.
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Myopia (nearsightedness) is a common refractive error in urban
areas. The prevalence in Europe has risen dramatically from25%of the
young adults 30 years ago to 50%of the young adults today.1 In China,
up to 80% of the university students in China is myopic.2 Higher
degrees of myopia are associated with an increased prevalence of com-
plications, such as myopic macular degeneration, retinal detachment,
and/or glaucoma. These complications may cause irreversible visual
impairment or blindness, particularly in persons with high myopia.3

The dramatic increase in myopia prevalence is likely triggered
by the changing lifestyle in childhood with increasing near work
and lack of outdoor exposure.4–6 Outdoor exposure has received
considerable attention in myopia research.6 Randomized controlled
trials have been conducted in several Asian countries to evaluate
whether myopia can be prevented by increasing outdoor time at
school. The results consistently showed that children in the interven-
tion group had less myopia compared with their peers.6,7 Some non-
school program interventions suggested that a supportive neighbor-
hood can promote outdoor play by providing opportunities to play
outdoors.8–10 We recently observed socioeconomic inequalities in
6-year-olds from the Generation R Study: children from families with
low income and low education had an increased prevalence of myo-
pia, mostly because of a higher frequency of lifestyle factors.11
1371
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Children from disadvantaged families often receive fewer opportuni-
ties to be outside and seem to perform more continuous near
work.11–14 Creating an environment that is supportive for outdoor
play behavior may be an effective policy for myopia prevention.

Two foundations established by Dutch sports legends (Richard
Krajicek, former professional tennis player, Wimbledon champion;
Johan Cruyff, former professional soccer player and coach) intro-
duced new physical activity spaces in Dutch cities to encourage
outdoor play, with a special focus on children living in deprived
neighborhoods. The new physical activity spaces target children
aged 6 to 18 years and contain one or more of the following: soccer
field, basketball court, tennis field, or playground equipment.
Some physical activity spaces additionally contain a miniathletics
track, a panna court, a tennis table, a skating rink, fitness items,
a volleyball field, or a dance floor. The first Krajicek Playground
in Rotterdam, the Netherlands, was opened in 2001; the first
Cruyff Court was opened in 2005.15,16

Earlier research suggested that the introduction of these physi-
cal activity spaces in Rotterdammay increase outdoor play for chil-
dren from socioeconomically disadvantaged families.15 The extent
to which changes in the physical environment of the neighborhood
can promote outdoor play and subsequently reduce the risk of inci-
dent myopia or eye growth is currently unknown. The purpose of
this study is to evaluate (1) potential socioeconomic inequalities
in myopia incidence, eye growth, outdoor exposure, and computer
use in school-aged children and (2) whether newly introduced
physical activity spaces can reduce eye growth, especially in chil-
dren from socioeconomically disadvantaged families.

METHODS

Study Population: Generation R

Generation R is a population-based prospective cohort of 9778
pregnant women and their children who were born between April
2002 and January 2006 in Rotterdam, the Netherlands. The exact
methodology of the Generation R study has been described else-
where.17 We used data from children who were invited to the re-
search center when they were 6 and 9 years old. Of the initial co-
hort, 5431 children (55.5%) participated at both visits. Children
who no longer lived in Rotterdam and children with a missing or in-
valid residential address at age 6 or 9 years were excluded
(n = 2447). Children with missing data on axial length at age 6 or
9 years were also excluded (n = 341). The final sample consisted
of 2643 children: 547 already had access (<600 m) to a physical
activity space at age 6 years, 230 gained access (<600m) to a new
physical activity space at age 9 years, and 1866 did not have ac-
cess (>600m) to a physical activity space during this study period.
This research was reviewed by an independent ethical review board
and conforms to the principles and applicable guidelines for the
protection of human subjects in biomedical research. The study
protocol was approved by the Medical Ethical Committee of the
Erasmus Medical Centre, Rotterdam (MEC 217.595/2002/20).
Written informed consent was obtained from all participants.

Eye Measurements

Ocular biometry was measured by Zeiss IOLMaster 500 at ages
6 and 9 years (Carl Zeiss MEDITEC IOLMaster, Jena, Germany).
For axial length, five measurements per eye were averaged to mean
axial length (inmillimeters). Threemeasurements of corneal curvature
were taken of both eyes, and mean corneal radius was calculated.
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Mean axial length/corneal radius ratio was calculated by dividing
axial length (in millimeters) by corneal radius (in millimeters) for
both eyes and then averaged. Eye growth was defined asmean axial
length/corneal radius ratio change (per year) and axial elongation
(in millimeters per year), by subtracting the axial length/corneal ra-
dius ratio or axial length at age 6 years from the axial length/corneal
radius ratio or axial length at age 9 years per eye, divided by the
time between the measurements in years, and was then averaged.
Visual acuity was measured with LEA charts at a 3-m distance by
means of the Early Treatment Diabetic Retinopathy Study method
at ages 6 and 9 years.18 In children with visual acuity of worse than
0.1 logarithmof theminimumangle of resolution (logMAR;Snellen vi-
sual acuity, <0.8) in at least one eye or in children with an ophthalmo-
logic history, automated cycloplegic refractive error was performed
using a Topcon KR8900 instrument (Topcon, Tokyo, Japan). Those
with visual acuity of 0.1 logMAR or better who had no glasses and
no ophthalmic history were classified as nonmyopic.19 Two drops
(three in case of dark irises) of cyclopentolate (1%) with 5-minute in-
terval were dispensed, and refractive error measurements were per-
formed at least 30 minutes thereafter when pupil diameter was
≥6 mm. Automated cycloplegic refractive error measurement regard-
less of visual acuity was introduced for all children during the research
phase at age 9 years. Spherical equivalent was calculated as the sum
of the full spherical value and half of the cylindrical value. Myopia
was defined as spherical equivalent ≤−0.50 D in at least one eye.

Outdoor Exposure and Computer Use

Outdoor play was measured using a questionnaire filled in by
the parents. At 6 years, the questions “how many days per week
does your child play outside” and “approximately how long does
your child play outside per day” were asked for weekend and week-
days separately. Mean weekly outdoor play was calculated by mul-
tiplying the number of days by time in minutes. Walking or cycling
to and from school and computer use was processed similarly. To-
tal outdoor exposure was calculated as the sum of playing outside
and walking or cycling to and from school. At 9 years, similar ques-
tions were asked regarding outdoor play, walking, or cycling to and
from school and computer use, although the question options did
not specify weekend and weekdays separately.

Socioeconomic Determinants

Maternal education level when the child was 6 years old was
categorized into higher (bachelor's degree, higher vocational train-
ing, university degree) and lower (less than bachelor's degree) edu-
cation level based on self-report. Net household income (low,
≤€3200/month; high, >€3200/month) was collected at both time
points. If net household income was missing at age 6 years, the in-
come measured at age 9 years was imputed 9 (n = 126) and vice
versa (n = 120). In accordance with Statistics Netherlands, a
child's family background was classified as Dutch with or without
migration based on the country of birth of the child's parents, fur-
ther referred to as Dutch and non-Dutch background.

The Intervention: Exposure to Dedicated Physical
Activity Spaces

The foundations provided information on the location of the
physical activity spaces and the date of opening. They considered
neighborhoods eligible for a physical activity space when they were
deprived of accessibility to sports/play facilities, had low physical
activity levels or sport participation rates among youth, or could
1; Vol 98(12) 1372
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otherwise show that the introduction of physical activity spaces was
likely to benefit children's development. The physical activity
spaces were freely accessible and often supervised during peak
hours. More information on the physical activity spaces can be
found on the Web sites of the foundations: www.krajicek.nl and
www.cruyff-foundation.org. The distance of the nearest physical
activity space for each Generation R child was determined using
the software QGIS.20 A buffer size of 600 m was chosen based
on the mean radius of a Rotterdam neighborhood in 2008.21 Eu-
clidian buffers of 600 m around children's homes were calculated,
and the presence of existing and new dedicated physical activity
spaces within buffers was determined at the ages of 6 and 9 years.
Statistical Analyses

Baseline characteristics were presented using mean and stan-
dard deviation for continuous variables and percentages for cate-
gorical variables. The proportion of higher versus lower maternal
education and household income was assessed for children with
Dutch and non-Dutch background using χ2 tests.Myopia incidence
(n = 240 of 2467) was considered a dichotomous outcome vari-
able; axial length/corneal radius ratio change (n = 2643) and axial
elongation (n = 2643) were processed as continuous outcomes.

Socioeconomic Inequalities in Myopia Incidence, Eye Growth,
Outdoor Exposure, and Computer Use

First, we assessed socioeconomic inequalities and ethnic differ-
ences in outdoor exposure and computer use at ages 6 and 9 years
using linear regression analyses adjusted for age, sex, and season
of data collection. Second, we tested socioeconomic inequalities
and ethnic differences in myopia incidence, axial length/corneal
radius ratio change, and axial elongation by logistic and linear re-
gression analyses adjusting for age and sex. Finally, we additionally
adjusted for outdoor exposure, computer use, and season of data
collection at age 6 years to determine whether the identified asso-
ciations could, in part, be explained by these factors.

Exposure to Physical Activity Spaces and Outdoor Exposure
We included only those children without access to a physical ac-

tivity space within their neighborhood (<600m from their home) at
age 6 years (n = 2096). First, we assessed the association between
exposure to newly introduced physical activity spaces between 6
and 9 years as the determinant and outdoor exposure at 9 years
and change in outdoor exposure from 6 to 9 years as outcomes
using linear regression analyses adjusted for age, sex, and season
of data collection. Second, we conducted the analyses separately
for children with a Dutch and non-Dutch background, from families
with lower and higher net household income at baseline and lower
and higher educated mothers.

Exposure to Physical Activity Spaces and Eye Growth
Fixed-effects models were used to estimate the within-person

changes in exposure to physical activity spaces and within-person
changes in the continuous outcomes axial length/corneal radius ra-
tio and axial length. They allowed to control for unmeasured time-
invariant and measured time-variant confounders; we therefore ad-
justed for the time-varying covariates age and season of data collec-
tion, and additionally for net household income and computer
use.22 Fixed-effects models for binary outcome variables will drop
observations for whom myopia status did not change over time,
yielding considerable power issues, and myopia incidence was
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therefore not investigated. Again, these analyses were conducted
separately for children from families with lower and higher net
household income at baseline, lower and higher educatedmothers,
and a Dutch and non-Dutch background. The following sensitivity
analyses were performed: First, we excluded children who were al-
ready myopic at age 6 years from the analyses because their eyes
may grow faster than those who were not yet myopic. Second, we re-
peated the analyses using buffers of 400 and 800 m to explore
whether the effects reported were sensitive to the size of buffers.
Third, we excluded children for whom the data were collected within
6months after the introduction of the new physical activity space, to
account for the novelty effect and ensure that long-term impact is
obtained. Fourth, we excluded children who moved houses within
the study period. All analyses were conducted in R statistical soft-
ware version 3.6.1 (R Foundation for Statistical Computing, Vienna,
Austria), using the plm package for the fixed-effects analyses.23,24

RESULTS

The study cohort consisted of 2643 children, withmean ages of
6.1 years at baseline and 9.8 years at follow-up; 50.5% were fe-
male, and 63% had a Dutch background. Parents from children
with non-Dutch background were mostly from Africa (8.8%),
Europe (8.5%), Suriname (6.5%), Turkey (5.8%), and Asia
(3.3%). Almost half of the children had a mother with a low educa-
tion level (41.1%) and a low net household income (48.4%). Myo-
pia prevalence was 2.2% at age 6 years, which increased to 12.2%
at age 9 years. Outdoor exposure was 11.4 h/wk at age 6 years, which
decreased to 7.4 h/wk at age 9 years, whereas computer use was
2.1 and 5.2 h/wk, respectively (Table 1). Families with a Dutch back-
groundmore often had a higher educatedmother (67.8% vs. 43.8%,
P < .001) and a higher household income (65.2% vs. 28.7%,
P < .001) than families with a non-Dutch background.

Childrenwith non-Dutch background had−1.46 (95%confidence
interval,−2.10 to−0.82) and−0.55 (95%confidence interval,−0.96
to −0.14) h/wk outdoor exposure at ages 6 and 9 years, and 0.97
(95% confidence interval, 0.72 to 1.22) and 1.33 (95% confidence
interval, 0.87 to 1.80) h/wkmore computer use at ages 6 and 9 years
than those with Dutch background. Children from families with lower
net household income had 1.11 (95% confidence interval, 0.86 to
1.35) and 1.02 (95% confidence interval, 0.57 to 1.47) h/wk more
computer use at ages 6 and 9 years than those from families with
higher net household income. Children from families with lower ma-
ternal education level had 0.63 (95% confidence interval, 0.23 to
1.03) h/wk more outdoor exposure at age 9 years, and 1.02 (95%
confidence interval, 0.78 to 1.26) and 0.85 (95% confidence inter-
val, 0.40 to 1.29) h/wk more computer use at, respectively, ages 6
and 9 years than those from families with higher maternal education
level. No significant differences in outdoor exposure were identified
for maternal education level at 6 years and net household income
levels at 6 and 9 years (see Appendix Figure A1, available at http://
links.lww.com/OPX/A547, Appendix Figure A2, available at http://
links.lww.com/OPX/A548, and Appendix Table A1, available at http://
links.lww.com/OPX/A546).

Myopia incidence between ages 6 and 9 years was higher in
children with non-Dutch background, and families with lower net
household income and lower maternal education (OR, 2.39 [95%
confidence interval, 1.74 to 3.30]; OR, 1.52 [95% confidence in-
terval, 1.10 to 2.09]; OR, 1.38 [95% confidence interval, 1.00 to
1.90]; respectively; Fig. 1). Axial length/corneal radius ratio
1; Vol 98(12) 1373

http://www.krajicek.nl
http://www.cruyff-foundation.org


TABLE 1. General characteristics

Generation R cohort (n = 2643) Age 6 y Missing (%) Age 9 y Missing (%)

Age, mean ± SD (y) 6.1 ± 0.4 0.0 9.8 ± 0.3 0.0

Sex (% ♀) 50.1 0.0

Ethnic background (% Dutch) 62.8 0.1

Myopia (%) 2.2 1.0 12.2 3.6

Axial length/corneal radius ratio, mean ± SD 2.87 ± 0.07 0.0 2.97 ± 0.09 0.0

Axial length, mean ± SD (mm) 22.34 ± 0.73 0.0 23.10 ± 0.83 0.0

Maternal education (% low) 41.1 1.0

Net household income (% low) 48.4 1.2 45.1 1.2

Outdoor exposure, mean ± SD (h/wk) 11.38 ± 7.61 19.9 7.39 ± 5.12 5.1

Computer use, mean ± SD (h/wk) 2.08 ± 3.08 8.7 5.20 ± 5.63 8.6

SD = standard deviation.

Physical Activity and Myopia Incidence — Enthoven et al.
change and axial elongation were greater in children with non-
Dutch background (β = 0.003 [95% confidence interval, 0.001
to 0.004] and β = 0.019 [95% confidence interval, 0.012 to
0.027], respectively), and axial length/corneal radius ratio change
was greater in children from families with lower household income
(β = 0.001; 95% confidence interval, 6.0E−5 to 0.002). No signif-
icant differences were identified for maternal education level.
Adjusting for outdoor exposure, computer use, and season of data
collection at 6 years slightly decreased the associations (Appendix
Table A2, available at http://links.lww.com/OPX/A546).
FIGURE 1. Bar chart depicting the proportion of children with incident myopia
hold income at baseline (middle), and maternal education level (right).
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Children who gained access to a physical activity space had
7.43 h/wk outdoor exposure at age 9 years, whereas children who
did not gain access had 7.25 h/wk outdoor exposure. However, liv-
ing within 600 m of a newly introduced physical activity space was
not significantly associated with outdoor exposure at age 9 years
(β = 0.43 h/wk; 95% confidence interval, −0.26 to 1.12 h/wk) or
change in outdoor exposure from ages 6 to 9 years (β = 0.08 h/wk;
95% confidence interval, −1.12 to 1.28 h/wk; Table 2). Stratified
analyses showed that children from families with lower maternal ed-
ucation had 8.26 h/wk outdoor exposure at age 9 years if they lived
from ages 6 to 9 years, stratified by ethnic background (left), net house-

1; Vol 98(12) 1374



TABLE 2. Longitudinal analyses of the introduction of physical activity spaces on outdoor exposure at age 9 years and the change in outdoor exposure
from 6 to 9 years, stratified by ethnic background, net household income at baseline, and maternal education level

Intervention/control (n)

Outdoor exposure at age 9 y

Intervention/control (n)

Change in outdoor exposure

β (95% CI) (h/wk) P β (95% CI) (h/wk change) P

All* 218/1779 0.429 (−0.262 to 1.120) .22 171/1455 0.080 (−1.118 to 1.278) .90

Ethnic background†

Dutch 115/1234 0.274 (−0.648 to 1.197) .56 98/1057 0.149 (−1.369 to 1.667) .85

Non-Dutch 103/545 0.611 (−0.443 to 1.665) .26 73/398 0.156 (−1.832 to 2.144) .88

Net household income*

Higher 104/1007 0.225 (−0.704 to 1.153) .64 85/855 −0.609 (−2.184 to 0.966) .45

Lower 113/754 0.783 (−0.259 to 1.824) .14 85/587 0.640 (−1.224 to 2.505) .50

Maternal education*

Higher 123/1107 −0.262 (−1.117 to 0.594) .55 103/929 −0.928 (−2.358 to 0.501) .20

Lower 92/658 1.329 (0.150 to 2.508) .03 66/517 1.676 (−0.488 to 3.840) .13

*Adjusted for season of data collection, age, sex, and ethnic background. †Adjusted for season of data collection, age, and sex. CI = confidence interval.
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within 600 m of a newly introduced physical activity space and
7.33 h/wk if they lived farther away than 600 m, resulting in
1.33 h/wk (95% confidence interval, 0.15 to 2.51 h/wk) more out-
door exposure associated with gaining access to a physical activity
space when adjusting for season of data collection, age, sex, and
ethnic background (Table 2).

Children who gained access to a physical activity space had
0.22-mmaxial elongation per year, whereas children who did not gain
access had 0.21-mm axial elongation per year. The fixed-effects
model showed that the introduction of physical activity spaces within
600 m from home between the age of 6 and 9 years had no effect on
TABLE 3. Effect of the introduction of physical activity spaces on axial length
analyses, stratified by ethnic background, net household income, and matern

Axial length

Intervention/control (n) β (95% CI)

Physical activity space* 230/1866 0.004 (−0

Physical activity space† 196/1580 0.002 (−0

Lower net household income −1.2E−4 (−0

Computer use 3.4E−4 (−5

Subgroup analyses

Ethnic background†

Dutch 112/1135 −0.001 (−0

Non-Dutch 84/443 0.003 (−0

Net household income‡

Higher 98/916 −0.003 (−0

Lower 98/664 0.007 (−0

Maternal education†

Higher 113/995 0.006 (−0

Lower 81/576 −0.004 (−0

*Adjusted for age and season of data collection. †Adjusted for age, season of
age, season of data collection, and computer use. CI = confidence interval.
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axial length/corneal radius ratio change (β = 0.00; 95% confidence
interval, −0.00 to 0.01) or axial elongation (β = 0.03 mm/y; 95%
confidence interval, −0.01 to 0.07 mm/y). Adding the covariates
household income and computer use to the model did not change
the results, as well as stratified analyses by net household income,
maternal education level, and ethnic background (Table 3). Sensitiv-
ity analyses excluding myopic children at baseline, with buffer sizes
of 400 and 800m; excluding children who lived less than 6 months
within 600 m of a new physical activity space; and excluding chil-
dren who moved houses yielded similar results as the main analyses
(Appendix Table A3, available at http://links.lww.com/OPX/A546).
/corneal radius ratio change and axial elongation using fixed-effects
al education

/corneal radius ratio change Axial elongation

(1 unit change/y) P β (95% CI) (mm/y change) P

.002 to 0.010) .16 0.030 (−0.012 to 0.073) .16

.004 to 0.008) .50 0.012 (−0.033 to 0.058) .60

.005 to 0.005) .96 −0.007 (−0.043 to 0.030) .73

.3E−5 to 7.4E−4) .09 0.003 (1.2E−4 to 0.006) .04

.008 to 0.007) .81 −0.003 (−0.057 to 0.051) .92

.009 to 0.015) .60 0.009 (−0.075 to 0.093) .83

.012 to 0.005) .47 −0.015 (−0.077 to 0.047) .63

.002 to 0.016) .13 0.037 (−0.029 to 0.104) .28

.002 to 0.014) .12 0.038 (−0.020 to 0.097) .20

.014 to 0.006) .44 −0.022 (−0.094 to 0.050) .55

data collection, net household income, and computer use. ‡Adjusted for
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DISCUSSION

This study identified distributions of myopia, eye growth, out-
door exposure, and computer use across socioeconomic groups,
and investigated whether population health can be improved by
physical activity spaces. We followed up children who did not have
a physical activity space in their neighborhood at age 6 years but
gained access before the age of 9 years, and estimated the effect
on eye growth. We found that myopia incidence was higher in chil-
dren from socioeconomically disadvantaged families and in chil-
dren with non-Dutch background. This difference could, in part,
be explained by lifestyle factors. Computer use was higher in these
children, whereas outdoor exposure was significantly lower in chil-
dren with non-Dutch background. Children from families with lower
educated mothers who became exposed to new physical activity
spaces in their neighborhood had 1.33 h/wk more outdoor expo-
sure than those without access to physical activity spaces. This in-
crease was not enough to significantly diminish eye growth.

Strength and Limitations

Strengths of the study were the population-based prospective
cohort design, the large sample size, the comprehensive set of so-
cioeconomic determinants, and the innovative use of an experi-
mental approach to analyze observational data.25 This approach
enabled removal of the effects of time-invariant causes, even those
unmeasured, such as people's choice to live in a neighborhood with
many opportunities for children to play outdoors.22 Because fixed-
effects models do not account for time-variant factors, we con-
trolled for age, change in net household income, and change in
computer use. To ensure that we addressed long-term physical ac-
tivity exposure, we performed sensitivity analyses excluding chil-
dren who were only exposed <6 months. The limitations included
a relatively large amount of missing data on outdoor exposure, the
use of questionnaires to determine outdoor exposure and computer
use, and the lack of information on the playtime spent at physical
activity spaces.

Traditionally, high education and urbanization were the stron-
gest risk factors for myopia all over the world.1,26 Excessive
amounts of near work and lack of outdoor exposuremay explain this
association.26,27 In Asia, children particularly from higher edu-
cated families attending private or cram schools were more often
myopic.28,29 In Europe, this trend might be changing. In the Euro-
pean Eye Epidemiology consortium, the association with education
was strong in the older age groups but became less apparent in
younger age groups,1 recent studies from Ireland and Germany
did not find any association between socioeconomic status andmy-
opia in children,14,30 and previous results from Generation R data
at age 6 years showed that low family income and low maternal ed-
ucation predisposed to myopia prevalence.11 This suggests a shift
in myopia risk from children from highly educated families to chil-
dren from socioeconomically disadvantaged families in Europe.
Our current data from children at age 9 years reinforce this notion,
as newly developed myopia occurred more often in children from
low household income and low maternal education, and children
from non-Dutch families had a larger change in the axial length/
corneal radius ratio and axial elongation. Health problems may
shift from higher to lower socioeconomic groups, in a different
tempo between countries. This is a known phenomenon, illustrated
well by, for example, a social transition in smoking and higher body
mass index from the more affluent to socioeconomically disadvantaged
www.optvissci.com Optom Vis Sci 202
members of society.31 Several reasonsmay explain the reversed as-
sociation between socioeconomic factors and myopia in our study
as compared with previous studies. First, only children living in
the city of Rotterdam were included in the analyses, thereby not in-
fluenced by living environment (urban vs. rural areas). Because
higher educated people more often live in urban areas, previous
studies on socioeconomic position andmyopiamay have been partly
confounded by urbanization.28,29 Second, the effect of education is
not visible yet in 6- and 9-year-old children because they go to gen-
erally similar primary schools, in contrast to studies focusing on ed-
ucation andmyopia in adults or adolescents.26,32 Conflicting results
have been reported about household income and myopia in recently
published studies.33,34 Third, children from higher socioeconomic
position and native Dutch children more often participate in sports
than children from lower socioeconomic position and ethnic minor-
ities in Generation R, which may result in less myopia in these
groups.12 Fourth, academic pressure from parents may be stronger
in East Asian countries than in European countries as illustrated by
the high prevalence of cram school attendance in East Asia.35

Non-Dutch background was the most pronounced association
with myopia at an early age in our study and was also observed
for axial elongation and change in the axial length/corneal radius
ratio. From the 1960s onward, the immigration number increased
because of the recruitment of low-skilled guest workers and refu-
gees, and later because of family reunification.36 In our study, par-
ents from families with non-Dutch background were mostly from
Europe or Africa; only a small proportion (3.3%) was from Asia. Af-
ter adjustment for outdoor exposure, computer use, and season of
data collection, the association between ethnic background and
myopia became slightly less strong. Studies on myopia in African
adults reported low prevalence37; we therefore believe that our
findings are not explained by a different genetic background. Re-
sidual confounding of environmental factors may be more likely,
especially because mothers from families with non-Dutch back-
ground were more often lower educated and families with non-
Dutch background more often had a lower household income.

Environmental factors are considered the most likely cause of
the worldwide increased myopia incidence.38 Lack of outdoor ex-
posure is an established risk factor and has been a target for suc-
cessful intervention studies.6,7 There is also growing evidence for
increased use of computers and handheld screens.39,40 In this
study, we found that children from families with low household in-
come, low maternal education, and non-Dutch background had
~1 h/wk more computer use, and children with non-Dutch back-
ground had 0.5 to 1.5 h/wk less outdoor exposure than their peers.
This may explain, in part, the socioeconomic and ethnic background
inequalities in myopia incidence in our cohort.11 Other studies also
reported that increased sedentary behavior as well as computer
and handheld device use, and lack of outdoor exposure are more
common among socioeconomically disadvantaged families.11,12,41

Parents from these families may have less stricter rules concerning
noneducational screen time, which could explain the difference.42

Two hours per day of outdoor exposure is currently recom-
mended to prevent children from myopia or myopia progression.43

Most of the children in our cohort did not meet this advice, espe-
cially when they reached the age of 9 years and those with non-
Dutch background. Previous research showed that children from
socioeconomically disadvantaged families or ethnic minorities less
often participate in sports and outdoor play.12,44 We therefore per-
formed our analyses in the whole group and in several subgroups.
The introduction of new physical activity spaces within the
1; Vol 98(12) 1376
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neighborhood was associated with 0.19 h/d extra outdoor exposure
among children from families with lower maternal education; out-
door exposure was 1.04 h/d in those without physical activity space
and 1.19 h/d in those who gained access to a new physical activity
space. No differences in outdoor exposure were identified in the
other subgroups. Hence, no differences in eye growth were identi-
fied. School-based randomized controlled trials showed that at
least 0.67 h/d extra outdoor exposure was needed to prevent chil-
dren frommyopia.6,7 Increased surrounding greenness was associ-
ated with 0.13 h/wk increased time spent playing in green spaces
and a reduced risk of incident spectacle use in the BREATHE
study.45 A recent review concluded that the presence of a safe
and green neighborhood was positively associated with outdoor
play.46 Increased surrounding greenness may be more effective
against myopia prevention than the physical activity spaces in our
study because the physical activity spaces were mainly placed in
deprived and perhaps less safe neighborhoods. Previous research
showed that playground use was higher at Krajicek physical activity
spaces as compared with regular playgrounds in deprived areas.16
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Benefits of Krajicek and Cruyff spaces are the supervision from
community organizations and organized events. The introduction
of these physical activity spaces may have led to a shift from an-
other outdoor play location rather than an increase in outdoor play.
Unfortunately, we did not have information about the children's
outdoor play locations to investigate this. More research on neigh-
borhood interventions that are effective in increasing outdoor expo-
sure is needed, as indoor activities such as screen time behavior in
children is becoming extremely popular.47

In conclusion, the results of our study showed that myopia inci-
dence is more common among primary school-aged children from
socioeconomically disadvantaged families, whichmay be partly ex-
plained by differences in outdoor exposure and computer use.
Physical activity spaces do not seem to increase outdoor exposure
to such extent that it reduces eye growth in all children, although
subgroups may benefit. More far-stretching strategies are needed
to increase outdoor play, reduce noneducational screen time in
school-aged children in the entire population, and consequently re-
duce the risk of myopia and myopia progression.
ARTICLE INFORMATION

Supplemental Digital Content: Appendix Table A1, avail-
able at http://links.lww.com/OPX/A546. Cross-sectional
analyses of ethnic background, net household income,
and maternal education level on outdoor exposure and
computer use at ages 6 and 9 years.

Appendix Table A2, available at http://links.lww.com/
OPX/A546. Longitudinal analyses of ethnic background,
net household income, and maternal education level on
myopia incidence, axial length/corneal radius ratio change,
and axial elongation.

Appendix Table A3, available at http://links.lww.com/
OPX/A546. The effect of the introduction of physical
activity spaces on axial length/corneal radius ratio
change and axial elongation using fixed effects,
excluding baseline myopia, using buffer zones of 400
and 800 m; excluding children who lived less than 6
months near a physical activity space; and excluding
children who moved houses within the study period.

Appendix Figure A1, available at http://links.lww.com/OPX/
A547. Boxplots depicting outdoor exposure at ages 6 and
9 years in hours per week, stratified by ethnic background,
net household income at baseline, and maternal education
level. The box represents the interquartile range (the 25th
and 75th percentiles), and the horizontal line is drawn at
the median. The whiskers indicate −1.5 * 25th percentile
and −1.5 * 75th percentile.

Appendix Figure A2, available at http://links.lww.com/OPX/
A548. Boxplots depicting computer use at ages 6 and 9
years in hours per week, stratified by ethnic background,
net household income at baseline, and maternal education
level. The box represents the interquartile range (the 25th
and 75th percentiles), and the horizontal line is drawn at
the median. The whiskers indicate −1.5 * 25th percentile
and −1.5 * 75th percentile.

Submitted: December 2, 2020

Accepted: July 5, 2021

Funding/Support: ODAS Stichting (2017-04; to CCWK);
Oogfonds (2016-23; to CCWK); Uitzicht (Oogfonds,
Maculafonds, LSBS; 2017-28; to CCWK); Nederlandse
Organisatie voor Wetenschappelijk Onderzoek (91815655;

to CCWK); and H2020 European Research Council
(648268; to CCWK).

Conflict of Interest Disclosure: None of the authors have
reported a financial conflict of interest.

Study Registration Information: The study protocol was
approved by the Medical Ethical Committee of the
Erasmus Medical Centre, Rotterdam (MEC 217.595/
2002/20).

Author Contributions and Acknowledgments:Conceptualization:
CCWK;Data Curation: CAE, CCWK; Formal Analysis: CAE,
FJMM; Funding Acquisition: CCWK; Investigation: CAE,
JWLT, JRP, HR; Methodology: CAE, FJMM, JAL, FJvL,
CCWK; Supervision: CCWK; Visualization: CAE; Writing –

Original Draft: CAE; Writing – Review & Editing: FJMM,
JWLT, JRP, JAL, HR, FJvL, CCWK.

The Generation R Study is conducted by the Erasmus
Medical Center in close collaboration with the School
of Law and Faculty of Social Sciences of the Erasmus
University Rotterdam; the Municipal Health Service
Rotterdam area, Rotterdam; the Rotterdam Homecare
Foundation, Rotterdam; and the Stichting Trombosedienst
& Artsenlaboratorium Rijnmond (STAR-MDC), Rotterdam.
The authors gratefully acknowledge the contribution of
children and parents, general practitioners, hospitals,
midwives, and pharmacies in Rotterdam. They also
would like to thank Mark Noordzij for the calculation of
the distance of the nearest physical activity space from
each child's home address using QGIS software.

REFERENCES

1. Williams KM, Verhoeven VJ, Cumberland P, et al.
Prevalence of Refractive Error in Europe: The European
Eye Epidemiology (E3) Consortium. Eur J Epidemiol
2015;30:305–15.

2. Wei S, Sun Y, Li S, et al. Refractive Errors in Univer-
sity Students in Central China: The Anyang University
Students Eye Study. Invest Ophthalmol Vis Sci 2018;
59:4691–700.

3. Verhoeven VJ, Wong KT, Buitendijk GH, et al. Visual
Consequences of Refractive Errors in the General Popu-
lation. Ophthalmology 2015;122:101–9.

4. Tedja MS, Wojciechowski R, Hysi PG, et al. Genome-
wide Association Meta-analysis Highlights Light-
induced Signaling as a Driver for Refractive Error.
Nat Genet 2018;50:834–48.

5. Huang HM, Chang DS, Wu PC. The Association be-
tween Near Work Activities and Myopia in Children—A
Systematic Review and Meta-analysis. PLoS One
2015;10:e0140419.

6. Xiong S, Sankaridurg P, Naduvilath T, et al. Time
Spent in Outdoor Activities in Relation to Myopia Pre-
vention and Control: A Meta-analysis and Systematic
Review. Acta Ophthalmol 2017;95:551–66.

7. Wu PC, Chen CT, Lin KK, et al. Myopia Prevention
and Outdoor Light Intensity in a School-based Cluster
Randomized Trial. Ophthalmology 2018;125:1239–50.

8. Committee on Environmental Health. The Built Envi-
ronment: Designing Communities to Promote Physical
Activity in Children. Pediatrics 2009;123:1591–8.

9.Ding D, Sallis JF, Kerr J, et al. Neighborhood Environ-
ment and Physical Activity among Youth: A Review.
Am J Prev Med 2011;41:442–55.

10. Timperio A, Reid J, Veitch J. Playability: Built and
Social Environment Features That Promote Physical Ac-
tivity within Children. Curr Obes Rep 2015;4:460–76.

11. Tideman JW, Polling JR, Hofman A, et al. Environ-
mental Factors Explain Socioeconomic Prevalence Dif-
ferences in Myopia in 6-year-old Children. Br J
Ophthalmol 2018;102:243–7.

12.Wijtzes AI, JansenW,Bouthoorn SH, et al. Social In-
equalities in Young Children's Sports Participation and
Outdoor Play. Int J Behav Nutr Phys Act 2014;11:155.

13. Tandon PS, Zhou C, Sallis JF, et al. Home Environ-
ment Relationships with Children's Physical Activity,
Sedentary Time, and Screen Time by Socioeconomic
Status. Int J Behav Nutr Phys Act 2012;9:88.

14. Harrington SC, Stack J, O'Dwyer V. Risk Factors As-
sociated with Myopia in Schoolchildren in Ireland. Br J
Ophthalmol 2019;103:1803–9.

15. Molenberg FJ, Noordzij JM, Burdorf A, et al. New
Physical Activity Spaces in Deprived Neighborhoods:
Does It Change Outdoor Play and Sedentary Behavior?
A Natural Experiment. Health Place 2019;58:102151.
1; Vol 98(12)
 1377

http://links.lww.com/OPX/A546
http://links.lww.com/OPX/A546
http://links.lww.com/OPX/A546
http://links.lww.com/OPX/A546
http://links.lww.com/OPX/A546
http://links.lww.com/OPX/A547
http://links.lww.com/OPX/A547
http://links.lww.com/OPX/A548
http://links.lww.com/OPX/A548


Physical Activity and Myopia Incidence — Enthoven et al.
16. Boonzajer Flaes SA, Chinapaw MJ, Koolhaas CM,
et al. More Children More Active: Tailored Playgrounds
Positively Affect Physical Activity Levels Amongst Youth.
J Sci Med Sport 2016;19:250–4.

17. Kooijman MN, Kruithof CJ, van Duijn CM, et al. The
Generation R Study: Design and Cohort Update 2017.
Eur J Epidemiol 2016;31:1243–64.

18. Camparini M, Cassinari P, Ferrigno L, et al. ETDRS-
fast: Implementing Psychophysical AdaptiveMethods to
Standardized Visual Acuity Measurement with ETDRS
Charts. Invest Ophthalmol Vis Sci 2001;42:1226–31.

19. O'Donoghue L, Rudnicka AR, McClelland JF, et al.
Visual Acuity Measures Do Not Reliably Detect Child-
hood Refractive Error—An Epidemiological Study. PLoS
One 2012;7:e34441.

20. Q Geographic Information System (QGIS). A Free and
Open Source Geographic Information System; 2018. Avail-
able at: http://www.qgis.org. AccessedSeptember 14, 2021.

21. Statistics Netherlands. Key Figures Districts and
Neighborhoods 2004–2019. Den Haag/Heerlen, the
Netherlands: Statistics Netherlands; 2020.

22.Morgan SL. Handbook of Causal Analysis for Social
Research. New York, NY: Springer; 2013.

23.R: A Language and Environment for Statistical Com-
puting: Release 3.5.1. R Foundation for Statistical Com-
puting. Vienna, Austria; 2018. Available at: https://
www.R-project.org/. Accessed September 14, 2021.

24. Croissant Y, Millo G. Panel Data Econometrics in R:
The PLM Package. J Stat Softw 2008;27:1–43.

25. Galea S. An Argument for a Consequentialist Epide-
miology. Am J Epidemiol 2013;178:1185–91.

26. Mountjoy E, Davies NM, Plotnikov D, et al. Educa-
tion and Myopia: Assessing the Direction of Causality
by Mendelian Randomisation. BMJ 2018;361:k2022.

27.Morgan IG, Wu PC, Ostrin LA, et al. IMI Risk Factors
for Myopia. Invest Ophthalmol Vis Sci 2021;62:3.

28. Jonas JB, Xu L, Wang YX, et al. Education-related
Parameters in High Myopia: Adults versus School Chil-
dren. PLoS One 2016;11:e0154554.

29. Ku PW, Steptoe A, Lai YJ, et al. The Associations
between Near Visual Activity and Incident Myopia in
Children: A Nationwide 4-year Follow-up Study. Oph-
thalmology 2019;126:214–20.

30. Schuster AK, Krause L, Kuchenbacker C, et al. Prev-
alence and Time Trends in Myopia among Children and
Adolescents. Dtsch Arztebl Int 2020;117:855–60.

31. Fleischer NL, Diez Roux AV, Hubbard AE. Inequal-
ities in Body Mass Index and Smoking Behavior in 70
Countries: Evidence for a Social Transition in Chronic
Disease Risk. Am J Epidemiol 2012;175:167–76.

32. Tay MT, Au Eong KG, Ng CY, et al. Myopia and Ed-
ucational Attainment in 421,116 Young Singaporean
Males. Ann Acad Med Singapore 1992;21:785–91.

33. Yang GY, Huang LH, Schmid KL, et al. Associations
between Screen Exposure in Early Life and Myopia
amongst Chinese Preschoolers. Int J Environ Res Public
Health 2020;17:1056.

34.Huang L, Schmid KL, Yin XN, et al. Combination Ef-
fect of Outdoor Activity and Screen Exposure on Risk of
Preschool Myopia: Findings from Longhua Child Cohort
Study. Front Public Health 2021;9:126.

35. Liu J. Does Cram Schooling Matter? Who Goes to
Cram Schools? Evidence from Taiwan. Int J Educ Dev
2012;32:46–52.

36. Zorlu A, Hartog J. Migration and Immigrants: The
Case of the Netherlands. In: Rotte R, Stein P, eds. Mi-
gration Policy and the Economy: International Experi-
ences. Neuried, Germany: Ars et Unitas; 2002:119–40.

37. Wedner SH, Ross DA, Todd J, et al. Myopia in Sec-
ondary School Students in Mwanza City, Tanzania: The
Need for a National Screening Programme. Br J
Ophthalmol 2002;86:1200–6.

38. Morgan IG, French AN, Ashby RS, et al. The Epi-
demics of Myopia: Aetiology and Prevention. Prog Retin
Eye Res 2018;62:134–49.

39. EnthovenCA, Tideman JW,Polling JR, et al. The Impact
of Computer Use onMyopiaDevelopment in Childhood: The
Generation R Study. Prev Med 2020;132:105988.

40. Liu S, Ye S, Xi W, et al. Electronic Devices and My-
opic Refraction among Children Aged 6–14 Years in Ur-
ban Areas of Tianjin, China. Ophthalmic Physiol Opt
2019;39:282–93.

41. Brodersen NH, Steptoe A, Boniface DR, et al.
Trends in Physical Activity and Sedentary Behaviour in
Adolescence: Ethnic and Socioeconomic Differences.
Br J Sports Med 2007;41:140–4.

42. Määttä S, Kaukonen R, Vepsäläinen H, et al. The
Mediating Role of the Home Environment in Relation
to Parental Educational Level and Preschool Children's
Screen Time: A Cross-sectional Study. BMC Public
Health 2017;17:688.

43. Gifford KL, Richdale K, Kang P, et al. IMI—Clinical
Management Guidelines Report. Invest Ophthalmol Vis
Sci 2019;60:M184–203.

44. Seabra AF, Mendonça DM, Thomis MA, et al. Asso-
ciations between Sport Participation, Demographic and
Socio-cultural Factors in Portuguese Children and Ado-
lescents. Eur J Public Health 2008;18:25–30.

45. Dadvand P, Sunyer J, Alvarez-Pedrerol M, et al.
Green Spaces and Spectacles Use in Schoolchildren in
Barcelona. Environ Res 2017;152:256–62.

46. Christian H, Zubrick SR, Foster S, et al. The Influ-
ence of the Neighborhood Physical Environment on
Early Child Health and Development: A Review and Call
for Research. Health Place 2015;33:25–36.

47. Thomas G, Bennie JA, De Cocker K, et al. A Descrip-
tive Epidemiology of Screen-based Devices by Children
and Adolescents: A Scoping Review of 130 Surveillance
Studies since 2000. Child Indic Res 2020;13:935–50.
www.optvissci.com
 Optom Vis Sci 2021; Vol 98(12)
 1378


