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Abstract

Purpose: To determine whether elevated light levels in classrooms in rural areas
can protect school-age children from myopia onset or myopia progression.
Methods: A total of 317 subjects from 1713 eligible students aged six to 14 in four
schools located in northeast China participated in the study. Students received a
comprehensive eye examination including cycloplegic refraction and ocular
biometry, which included axial length (AL), anterior chamber depth (ACD), and
corneal curvature (CC) measurement, and completed a questionnaire. The inter-
vention arm included 178 students in two schools with rebuilt elevated lighting
systems and the control arm included 139 students in which lighting systems were
unchanged. Results for the two arms were compared with a Wilcoxon rank sum
test, a chi-squared test or a t-test, as appropriate. Factors that might help explain
any differences were explored with multivariate linear regression analysis.

Results: The median average illuminance of blackboards and desks and unifor-
mity of desk lighting were significantly improved, however, the uniformity of
blackboard lighting declined after intervention. At baseline, the mean refraction,
AL, CC, ACD and myopia prevalence between the two arms were not significantly
different. After 1 year, compared with the control arm the intervention arm had a
lower incidence of new myopia onset (4% vs 10%; p = 0.029), a smaller decrease
in refractive error among no myopic subjects (—0.25 dioptre [D] vs —0.47 D;
p = 0.001), and shorter axial growth for both non-myopic (0.13 vs 0.18 mmy;
p = 0.023) and myopic subjects (0.20 vs 0.27 mm; p = 0.0001). Multivariate lin-
ear regression analysis showed the intervention program, lower hyperopic base-
line refraction, lower father’s education level, longer time sleeping and less time
in screen-viewing activities were associated with less refractive shift in the direc-
tion of myopia in non-myopic children. For myopic subjects, myopia progression
was significantly associated with family income only. The intervention program
and older age had a protective effect on axial growth for both myopic and non-
myopic subjects. The father’s education level and sleep duration were significantly
associated with axial growth in non-myopic children.

Conclusions: Elevated light levels in classrooms have a significant effect on myo-
pia onset, decreases in refraction, and axial growth; if the findings of lighting
intervention are reproduced in future studies, the ambient light levels in schools
should be improved.
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Introduction

The aetiology of myopia is suggested to be genetic as well
as being influenced by environmental factors."* Since the
1970s, the prevalence of myopia in youth has increased dra-
matically worldwide, especially in Southeast and East Asian
countries including China.>* Although myopia prevalence
in the U.S. has been estimated to be relatively lower than in
other countries, such as China, the prevalence of myopia
increased over 30 years from the 1970s.° In the UK,
increasing myopia prevalence has occurred across a range
of ages: i.e. from 27% to 34% in those aged 50-54 years
and 16% to 32% in those aged 55-59.° Therefore, an
increasing number of researchers have paid more attention
to environmental factors such as educational pressure,’
urbanisation,® acculturation,” ambient visual environ-
ment,'® more near work'! and fewer outdoor activities.'?

Recently, a rapidly growing body of research has been
published regarding the relationship between the incidence
of myopia onset and spending less time outdoors.'>'* Sub-
sequent reports linked reductions in the incidence of myo-
pia onset and/or progression to interventions such as a
recess outside the classroom programme in Taiwan,'” or a
programme in which 45 min of daily structured time out-
doors were added in Guangzhou.'® It seems that ‘outdoors’
itself contributed to the protective effect rather than
‘activities’,'”” in that higher light levels outdoors were
thought to be of a critical importance. Furthermore, exper-
imental animal models suggested low light levels were
myopigenic, and the normal refractive development of
chicks in a low-intensity light group (50 lux) became less
hyperopic than a medium-intensity group (500 lux). On
the other hand, the chicks raised in high light levels
(10 000 lux) remained more hyperopic than the medium-
intensity group until the end of treatment.'"® Form-
deprived or negative-lens treated eyes exposed to elevated
light levels had less of a myopia shift than those exposed to
standard colony lighting (about 500 lux).'>* These results
pointed out that elevated light levels could be a protective
factor for myopia and may positively affect refractive
development and responses to myopigenic stimuli.

With the hypothesis that elevated light levels may be ben-
eficial for the refractive development of children, we rebuilt
the classroom lighting systems as an intervention. To the
best of our knowledge, there have been few studies on in-
terventional lighting and myopia among a human popula-
tion. In a visual ergonomics intervention study in mail
sorting facilities for postal workers aged 2463 years from
2004 to 2006, illuminance and uniformity of the shelves
were improved significantly after the intervention. It was
found that the most pronounced decreases in eyestrain,
musculoskeletal disorders, and mail sorting times were seen
among younger participants of the group.”' In our study,
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we compared myopia onset and progression and ocular
biometric parameters between intervention and control
arms. The influence of factors related to myopia onset and
progression were also assessed.

Methods

Study population

The study was a prospective, school-based interventional
study that abided by the tenets of the Declaration of
Helsinki. Approval was obtained from the Human
Research Committee of Anhui Medical University.
Informed written consent was acquired from at least one
of the students’ parents or other legal guardians for
all participants.

Four schools (one primary school and one secondary
school in the intervention arm vs one primary school and
one secondary school in the control arm) from a rural area
in Sujiatun district Shenyang China were selected for our
study. Two primary schools that were selected for a compa-
rable academic burden and adjacent location were assigned
to the intervention arm or control arm randomly. The two
secondary schools were assigned similarly. Given that stu-
dents of grades 6 and 9 would go to higher level schools in
September of the next year, they were excluded in our study
to avoid loss of follow up. Therefore, among 1907 eligible
participants of 6-14 years of age, 1713 children were
included and had a distance unaided visual acuity (VA) test
three times at baseline, 6 months and 1 year after interven-
tion. To reduce the burden of a complete eye examination,
a stratified cluster sampling was applied to select the partic-
ipants combined with the principle of voluntariness. The
sampling frame was based on the enumeration of grade-
specific classes within the schools, and students of 10 classes
in five grades (grade 1, grade 3, grade 5, grade 7, and grade
8) who provided consent for cycloplegia were included.
The present study was based on 317 students who had
refraction and ocular biometric parameter data for both
baseline and at 1 year, and who completed a questionnaire,
comprising a 19% subsample of the 1713 participants who
underwent unaided VA testing three times (after excluding
five children with orthokeratology, 12 diagnosed with
amblyopia or other eye diseases, 25 who dropped out of the
study because they went to another school or for other rea-
sons, and eight students who were not given cycloplegic
drops Dbecause of intraocular pressures higher than
25 mmHg in one or both eyes). A flow diagram depicting
subject recruitment is shown in Figure 1. In general, the
subsample had comparable characteristics including gender
(boys/girls, 152/165 vs 883/830; ° = 1.46, degree of free-
dom [df] =1, p=0.24), mean age (10.6 + 2.4 vs
10.8 + 2.2; t = —1.66, df = 4002, p = 0.26), and mean
uncorrected VA (0.32 £ 0.31 vs 0.29 £ 0.24 logMAR,
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1907 Potential participants in 4 schools
752 from 20 classes in primary school (intervention arm)
336 from 8 classes in secondary school (intervention arm)
565 from 15 classes in primary school (control arm)
254 from 6 classes in secondary school (control arm)

3 uncorrected visual acuity
measurements

at baseline
intervention for 6 months
intervention for 1 year

194 Excluded
54 do not to school that day

49 went to another school
91 other eye disease

736 in the control

1713 Included in whole sample
977 in the intervention arm
arm

A total of 10 classes in 5 grades
(grade 1, grade 3, grade 5, grade 7

and grade 8) selected using stratified
cluster sampling method combined
with the principle of voluntariness

367 Potential participants for subsample
198 in the intervention arm
169 in the control arm

Comprehensive eye examination

At baseline
Intervention for 1 year

50 Excluded
5 orthokeratology
12 amblyopia or other eye disease

8 not eligible for cycloplegia
25 lost to follow up

139 in control arm

317 Included in subsample
178 in intervention arm

Figure 1. Flowchart detailing assignment and examination of subjects into a study of classroom lighting intervention and myopia among students in

Sujiatun, China.

approximately 6/12 or 20/40 Snellen, ¢ = 1.11, df = 345,
p = 0.27) relative to the whole sample.

Interventions

Lighting systems in 56 classrooms of the intervention
schools (four classes in each grade) were rebuilt in Novem-
ber 2012. In every classroom eight suspension-mounted
grille luminaires (Philips TPS299; http://www.phi-
lips.com.cn/) with 16 fluorescent tubes (TL5-28W; http://
www.philips.com.cn/) of 6500K were hung from the ceiling
parallel to the window in two rows, and a separate black-
board lamp fixture (TMS122/128 EBE GDL; http://
www.philips.com.cn/) with one tube (TL5-28W) was
installed over the front blackboard. The blackboard lumi-
naire was covered with a one-sided diffuser to regulate illu-
minance uniformity on the blackboard surface and
decrease direct glare. The primary criteria were a minimum
average illuminance of 300 lux on desks and 500 lux on the
blackboard, uniformity levels of 0.7 and 0.8 on desks and
the blackboard respectively, and a 1.7-1.9 m distance
between the fluorescents lights and desk surfaces. Manual-
on switches were employed to control light on/off states of

the luminaires above the desks, and a separate switch was
used for the blackboard lamp. All fluorescents lights were
lit up when it was dim outdoors, and fluorescent lights near
the interior wall were lit up on sunny days to avoid relative
dimness compared to the areas beside the windows. This
intervention was not implemented in the schools chosen
for the control arm.

Lighting level measurements

At baseline, the illuminance of desks and blackboards of 13
classrooms (one classroom was selected from every floor of
the teaching buildings randomly; seven in the intervention
schools vs six in the control schools) were measured at
20:00 to 21:30 with a luxmeter (TES1330; TES Electrical
Electronic Corp, http://www.tes.com.tw/). At 1 month
after intervention, the light levels of 20 classrooms (all
classrooms in grade 1, grade 3, grade 5, grade 7, and grade
8) from the intervention schools were measured again to
estimate the new lighting levels. The illuminance (lux) of
desk surfaces was measured at 48 points according to a grid
distribution with measured interval of 1 m. Twenty-four
points on a blackboard were measured with horizontal
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intervals of 0.5 m and vertical intervals of 0.4 m. Average
illuminance and illuminance uniformity for desks and
blackboards were evaluated at classroom light levels. The
uniformity value for the illuminance was calculated as the
minimum illuminance value divided by the average value.*

Unaided VA, refraction and ocular biometry assessment

All students took part in school-based unaided VA examin-
ations three times at baseline, 6 months and 1 year after
intervention using an E Standard Logarithm Vision Acu-
ity Chart (VSK-VC-Y; Wehen Vision, http://www.wehenvi
sion.com/) at a distance of 5 m. Normal uncorrected VA
was defined as a VA < 0.00 LogMAR (Snellen 6/6 or 20/20
or better).

The students of the subsample were transported to
Shenyang Aier Ophthalmology Hospital for comprehensive
examinations conducted by ophthalmologists and optome-
trists annually in 2012 and 2013. The examiners were blind
to whether the students were in the intervention or control
group. Examinations included an anterior segment
examination with a slit-lamp biomicroscope, vitreous and
fundus examinations with a direct ophthalmoscope, ocular
alignment assessment with unilateral and alternating
cover tests at 0.5 and 3.0 m, ocular motility assessment,
intraocular pressure with a non-contact ophthalmotonome-
ter (NT-510; Nidek, http://www.nidek-intl.com/index.html),
and measurements of AL, ACD and CC by partial coherence
interferometry (IOL Master; Carl Zeiss Meditex, http://
www.elearning.zeiss.com/) before giving cycloplegic drops.
Three biometric readings were obtained for each child with
the IOLMaster and the average was used in the analysis.

Cycloplegia was then induced by instillation of six 0.5%
tropicamide drops administered 5 min apart, followed by
objective cycloplegic refraction not less than 20 min later
determined by an initial autorefractor result which was
used as a starting point for retinoscopy (YZ-24; 6 6 vision-
Tech, http://www.66vision.com/). The spherical equivalent
refraction (SER) calculated from the correction determined
by cycloplegic retinoscopy were used in subsequent analy-
ses.

Myopia was defined as a baseline SER of —0.50 D or less.
Changes in SER, AL, CC and ACD were calculated as the
values measured in 2013 minus those at baseline. Myopia
progression was defined as the SER decrement in myopic
children after 1 year, and myopia onset was a SER in non-
myopic children that decreased to <—0.50 D.

Questionnaire

The children and their parents in the subsample who par-
ticipated in the comprehensive eye examination underwent
an interview using a self-administered questionnaire. Infor-

Light intervention reduces myopia onset and shift

mation on demographic variables, including age, sex,
nationality, height and weight were collected. Parental
refractive status was determined by a question for each par-
ent: ‘Is the child’s father (or mother) myopic?’ (Yes/No/
Not sure). Parental education level categories were primary
school and below, junior high school, senior high school,
and college and above. Family monthly income categories
were <3000 renminbi (RMB), 3000-5999 RMB, 6000-8999
RMB, and more than 9000 RMB; they were then grouped
as less than 3000 RMB, 3000-5999 RMB and more than
6000 RMB for analysis because of very low numbers in the
higher income group. Lifestyle-related questions were
investigated as in the following example: ‘In the previous
week, how long did the children spend outdoors/studying
(reading and writing after school)/screen-viewing activities
(using TVs, computers, smart phones and other electronic
devices) daily? Please check the appropriate box: less than
1, 1-1.99, 2-3.99 or 4 h or more. Additionally, how many
hours did the children spend sleeping every day? (less than
7, 7-8.99, 9-10.99, or 11 h or more)’. The analysis time for
such activities was in different categories due to very low
numbers in some groups.

Other information, such as early life biological factors
(height, weight at birth, and breastfeeding at 6 months
after birth), dietary habits of the child (‘how do you like
sweet food? How many vegetables do you eat everyday?
How much protein including milk, egg and meat do you
eat everyday?’) and whether the child slept with a light on
or not, were also collected with the questionnaire.

Statistical analysis

Statistical software (Statistical Package for Social Science,
SPSS V10.01; SPSS, China, http://www.spss.com.cn/index.-
aspx) was used for statistical analyses. Two-tailed p values
of less than 0.05 indicated statistical significance. Partici-
pant characteristics were described as the mean and stan-
dard errors for continuous variables, numbers and
proportion for categorical variables and median and inter-
quartile ranges for levels of average illuminance and unifor-
mity in classrooms. These variables were compared
between control and intervention arms by a Student’s
t-tests, chi-squared tests or Wilcoxon rank sum tests as
appropriate.

Analyses of SER, AL, CC, and ACD were conducted on
data from the right eye only because of the high correlation
between right and left eyes (SER, r = 0.98; AL, r = 0.96;
CC, r = 0.96; ACD, r = 0.92). The mean SER, AL, CC, and
ACD at baseline and 1 year later were calculated, and dif-
ferences between the intervention and control arms were
compared with a t-test. Based on the baseline and final
SER, all the participants were classified into three groups:
i.e. a baseline SER of —0.50 D or less was classified as the
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initial myopia group; a baseline SER more than —0.50 D
but finial SER of —0.50 D or less was classified as the new
onset myopia group; a SER more than —0.50 D both at
baseline and finally was classified as the initial and final no
myopia group. Prevalence in the intervention and control
arms was compared with a chi-squared test. To examine
the associations between changes in SER and eye axial
growth and potential risk factors, a linear regression analy-
sis was applied for myopic (baseline SER of —0.50 D or
less) and non-myopic (baseline SER more than —0.50 D)
students. After univariate linear analysis of potential associ-
ations, we performed a multivariate linear analysis (the
backward-stepwise method was used) and changes in SER
and axial elongation were taken as dependent parameters
and all possible variables were taken as independent param-
eters, which showed a significant association with the
dependent parameters in univariate analysis for myopic or
non-myopic participants (p < 0.20). The regression coeffi-
cient (B) and the 95% confidence interval (95%CI) for B
were calculated.

Results

The 1-year period of intervention was conducted from
November 2012 to November 2013. The study eventually
included 317 students with data from comprehensive eye
examinations and a questionnaire. A total of 178 children
participated in the intervention program and 139 children
were included in the control arm (Table 1). At baseline, the
intervention arm students had a comparable boy-to-girl
ratio, Han-to-minority nationality ratio, primary-to-junior
high school ratio as the control arm based on chi-squared
test (all p > 0.05). Prevalence of myopia was 46% in the

W-J Hua et al.

intervention arm vs 50% in the control arm (x2 = 0.02,
p = 0.89). The mean age, body mass index and unaided VA
of the intervention arm and control arm at baseline were
10.7 £ 2.4 vs 10.5 £ 2.3 years (t=0.62, p = 0.54),
19.90 £ 3.73 vs 19.74 + 4.42 (t = 0.34, p = 0.73), and
0.33 £ 0.32 vs 0.29 £ 0.31 logMAR (¢t = —1.01, p = 0.29)
respectively.

From 13 classrooms (seven classrooms in the interven-
tion arm and six classrooms in the control arm), the light
levels showed no statistical difference between the two arms
at baseline based on Wilcoxon rank sum test. The median
average illuminance (interquartile range) of desks in the
intervention arm compared to the control arm was 74 lux
(58-116) vs 98 lux (83—121; p = 0.25) and 71 lux (64-77)
vs 76 lux (68-90; p = 0.48) for blackboards. Median uni-
formity of desks and blackboards was 0.55 (interquartile
range 0.49-0.65) and 0.72 (interquartile range 0.62—0.75)
in the intervention arm, and 0.57 (interquartile range 0.54—
0.61) and 0.74 (interquartile range 0.65-0.80) in the control
arm (p = 0.67 and p = 0.32), respectively. After interven-
tion, the median average illuminance was 558 lux (inter-
quartile range 506-603) for desks and 440 lux
(interquartile range 391-506) for blackboards with the new
lighting, which was improved significantly from that of
desks (p < 0.0001) and blackboards (p < 0.0001) with the
old lighting in the control arm (Figure 2a). The average
illuminance of desks surpassed the recommended 300 lux.
On the other hand, the average illuminance achieved only
88% of the recommended value for blackboards after inter-
vention, where the recommended illuminance level was
500 lux. Before intervention, the uniformity of illuminance
on the desks did not attain the recommended value of 0.7.
The median uniformity was 0.55 (interquartile range 0.49—

Table 1. Baseline demographic characteristics and classroom lighting levels® in different arms

Characteristics Intervention arm (n = 178) Control arm (n = 139) y%/t/Zvalue df p-valueb

Boys/girls 87/91 65/74 0.14 1 071

Han nationality/minority nationality 164/14 123/16 1.21 1 027

Myopia/non-myopia 91/87 70/69 0.02 1 0.89

Mean age (S.D.) (years) 10.7 (2.4) 10.5(2.3) 0.62 315 0.54

BMI (S.D.) (kg m~2) 19.9(3.7) 19.7 (4.4) 0.34 315 0.73

Mean unaided VA (S.D.) 0.33(0.32) 0.29(0.31) —1.01 315 0.29

Junior high school/primary school 83/95 64/75 0.01 1 092

Median average illuminance of desk 74 (58-116) 98 (83-121) —1.14 - 0.25
(interquartile range 25-75%) (lux)

Median uniformity of desk (interquartile range 25-75%) 0.55 (0.49-0.65) 0.57 (0.54-0.61) -0.43 - 0.67

Median average illuminance of blackboard 71 (64-77) 76 (68-90) -0.72 - 048
(interquartile range 25-75%) (lux)

Median uniformity of blackboard 0.72 (0.62-0.75) 0.74 (0.65-0.80) —-1.0 - 032
(interquartile range 25-75%)

S.D., standard deviation; BMI, body mass index.

eThirteen classrooms in schools, seven in the intervention arm and six in the control arm.

bDifferences between two arms, based on the chi-squared test, t-test or Wilcoxon rank sum test, as appropriate.
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Figure 2. Boxplots showing light levels for the new lighting in the intervention arm and that in the control arm. (a) Average illuminance of desks and
blackboards in the two arms. (b) uniformity of desks and blackboards in the two arms. After intervention, the average illuminance of desks, the aver-
age illuminance of blackboards and uniformity of desks were significantly higher than the control arm, but the uniformity of blackboards decreased.
The upper and lower hinges of the box indicate the 75th and the 25th percentiles of the data set, separately; whiskers extend to a maximum of 1.5

times the interquartile range.

0.65), but it increased to 0.67 (interquartile range 0.64—
0.71) after intervention nearly reaching the recommended
value, which was significantly higher than the control arm
(p < 0.0001). However, the uniformity of illuminance of
the blackboards declined to 0.65 (interquartile range 0.59—
0.71), which was significantly lower than the control arm,
because only one light fixture was added to just one half of
the blackboard as the other half was used for multi-media
presentations (p = 0.045; Figure 2b).

The mean refraction, AL, CC, and ACD at baseline and
the final point and the mean changes during the follow-up

period of the two arms were compared with a t-test, as
shown in Table 2. The mean SER, AL, CC and ACD of par-
ticipants in the intervention arm at baseline and final point
were not significantly different from the control arm,
except for the final mean SER in non-myopia children
(0.33 £ 050 vs 0.13 +£0.61 D; t=219, df= 154,
p = 0.03). Compared with the control arm, the interven-
tion arm showed a smaller decrease in refraction
(—0.25 & 0.40 vs —0.47 4+ 0.40 D; t = 3.39, df = 154,
p=0.001) and axial elongation (0.13 £ 0.17 vs
0.18 £ 0.12 mm; t = —2.3, df = 154, p = 0.023). Among

Table 2. Spherical equivalent refraction, axial eye length, corneal power and anterior chamber depth at initial and final visits and changes in different

arms
Initial values Final values Changes
Intervention arm  Control arm Intervention arm  Control arm Intervention arm  Control arm

Non-myopic Children®
Refraction (D) 0.58 + 0.46 0.59 + 0.53 0.33 + 0.50* 0.13 + 0.61* —0.25 + 0.40** —0.47 £ 0.40**
Axial length (mm) 23.10 + 0.63 23.06 £ 0.68 23.23 + 0.66 23.23 £ 0.70 0.13 £ 0.17* 0.18 + 0.12*
Corneal power (D) 43.06 + 1.19 43.18 + 1.40 4312 + 1.14 43.23 + 1.48 0.06 + 0.20 0.06 + 0.41
Anterior chamber 3.44 + 0.24 3.42 + 0.23 3.49 + 0.23 3.45 + 0.24 0.05 + 0.12 0.04 + 0.09

depth (mm)

Myopic Children®
Refraction (D) —2.28 + 1.40 —2.23 £ 1.35 —2.52 + 142 —2.54 + 147 —0.25 + 0.47 —0.31 £ 0.46
Axial length (mm) 24.37 £ 0.76 24.19 £ 0.78 24.60 + 0.76 24.46 + 0.80 0.20 £ 0.11** 0.27 £ 0.10**
Corneal power (D) 43.48 + 1.33 43.70 + 1.41 43.60 + 1.31 43.83 + 1.39 0.12 + 0.18 0.13 + 0.30
Anterior chamber 3.69 + 0.23 3.63 £ 0.21 3.73 £ 0.24 3.67 £ 0.21 0.04 + 0.17 0.04 + 0.07

depth (mm)

*Compared with the control arm p < 0.05; **compared with the control arm p < 0.01.

D, dioptre.

2156 Non-myopia children at baseline, 87 in the intervention arm vs 69 in the control arm.

161 Myopia children at baseline, 91 in the intervention arm vs 70 in the control arm.
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Figure 3. Bar graph showing the prevalence of new onset myopia of
the two arms in the follow-up. The prevalence of new onset myopia
was significantly lower in the intervention arm than in the control arm.

myopic children, the mean axial elongation was signifi-
cantly shorter in the intervention arm than in the control
arm  (0.20 £ 0.11 vs 0.27 £ 0.10 mmy; = —4.13,
df = 159, p = 0.0001). Myopia progression was not signifi-
cantly different in the two arms (—0.25 £ 0.47 vs
—0.31 £+ 0.46 D; t = 0.86, df = 159, p = 0.39). There were
no significant differences in changes in CC and ACD
between the two arms. In addition, we found the prevalence
of new onset myopia was significantly lower in the inter-
vention arm than in the control arm (4% vs 10%;
x’ = 4.76,df = 1, p = 0.029; Figure 3).

In univariate analysis, greater changes in SER were asso-
ciated with non-participation in the intervention program,
more hyperopic SER, less sleep time, and more time for
studying and screen-viewing activities in non-myopic stu-
dents. Among myopic participants, greater decreases in
SER occurred in students with shorter eyes and higher fam-
ily incomes and students who spent more time studying
after school. In multivariate models, greater changes in SER
for non-myopic subjects were associated with non-partici-
pation in the intervention (0.24 D, 95%CIL: 0.12-0.37;
p = 0.0001), more hyperopic baseline refraction (—0.21 D,
95%CI: —0.33 to —0.09; p = 0.001), father with a higher
level of education (—0.08 D, 95%CI: —0.17 to —0.003;
p = 0.048), less time spent sleeping (0.11 D, 95%CI: 0.005—
0.21; p = 0.039) and more time spent on screen-viewing
activities such as focussing eyes on the screens of a TV,
computer, mobile phone, and other electric devices
(—0.13 D, 95%CI: —0.27 to —0.04; p = 0.047). Time spent
studying after school was not included in the multivariate
model. Among the myopic subjects, those who had lower
family incomes suffered from a greater shift in refraction
error than those with higher family incomes (0.16 D, 95%
CI: 0.05-0.27; p = 0.004) (Table 3). Factors found to be
associated with axial elongation in univariate analysis were
the intervention program and older age among all partici-
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pants, but higher family income was associated only with
myopic children. Multivariate analysis of axial growth
indicated that, compared with participants in the control
arm, those in the intervention arm were significantly more
likely to have less elongation for either non-myopic
(—0.06 mm, 95%CI: —0.11 to —0.01; p = 0.006) or myopic
children (—0.07 mm, 95%CI: —0.10 to —0.04; p < 0.0001).
Furthermore, each additional year of age was associated
with 0.02 mm less axial elongation in both non-myopic
(p = 0.0002) and myopic participants (p = 0.01). However,
greater axial growth among non-myopic students was sig-
nificantly associated with fathers having lower levels of edu-
cation (0.03 mm, 95%CI: 0.001-0.06; p = 0.032) and
longer sleeping times (—0.05 mm, 95%CI: —0.09 to —0.02;
p = 0.006) (Table 4).

Discussion

This study was the first prospective, interventional study to
investigate the relationship between elevated light levels in
classrooms and myopia onset and progression among pri-
mary and junior high school students in the Northeast
China. We evaluated the changes in SER and AL. Based on
numerous epidemiological studies that reported a protec-
tive effect on myopia among children”'®> with more time
outdoors and animal models that showed brighter light lev-
els arrested normal decreases in hyperopia during refrac-
tion development'® and slowed the rate of myopia
development for both lens-induced and form-deprivation
myopia in tree shrews>, the hypothesis that higher levels of
light could be protective for myopia onset and progression
in children has been promoted.** However, there have been
few interventional studies on myopia in students via
enhancing ambient light illuminance in schools. We found
that children who studied with higher ambient light levels
in school had both a smaller decrease in refraction, espe-
cially for non-myopic children and a smaller increase in AL
among all participants compared to controls. These data on
myopia development were comparable to those obtained in
a ‘recess outside the classroom’ intervention study by Wu
et al."” who demonstrated a mean myopia shift of
—0.25 &+ 0.68 D year ' for the ROC group and
—0.38 & 0.69 D year™' for the control group. These
results suggested that the lighting intervention programme
had a protective effect on refractive error change and axial
elongation in children.

Before intervention in this study, the classrooms were lit
by six or fewer naked fluorescent lamps and in all class-
rooms, the mean illuminance of desks and blackboards was
below the required values of 300 and 500 lux, respectively.
The levels of uniformity in illumination of desks and black-
boards in most classrooms were also below the required
values of 0.7 and 0.8, respectively. The poor lighting condi-
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Table 3. Parameters associated with changes in SER within 1 year in myopic and non-myopic children

Parameters

Non-myopic children (n = 156)

Myopic children (n = 161)

B (95%Cl) in
univariate regression?

B (95%Cl) in
multivariable regression®

B (95%Cl) in
univariate regression®

B (95%Cl) in
multivariable regression®

Intervention program

Baseline SER (D)

Age (years)

Level of education, father

Level of Education, mother
Parental myopia

Family income (RMB monthly)

Sleeping duration (hours daily)

Time spent studying after
school (hours daily)

Time spent on screen-viewing
activities (hours daily)

Time Outdoors (hours daily)

0.22(0.09, 0.34)**

(
—0.21(-0.34, —0.08)**
—0.001 (—0.03, 0.03)
—0.04 (-0.13, 0.05)
—0.03(-0.11, 0.06)
0.03(-0.12,0.17)
0.04 (-0.06, 0.14)
0.03(-0.07, 0.14)*
—0.02(-0.15, 0.11)*

—0.07(-0.22, 0.07)*

—0.03(-0.16, 0.10)

0.24(0.12, 0.37)**
—0.21(-0.33, —0.09)**
—0.08 (-0.17, —0.003)*

0.11(0.005, 0.21)*

—0.13(-0.27, —0.04)*

0.06 (—0.08, 0.21)

0.14(0.04, 0.25)**
0.01(-0.12, 0.14)
-0.12

—0.008 (—0.06, 0.05)
—0.005 (—0.05, 0.04)
—0.05(-0.16, 0.06)
—0.10, 0.14)
0.05(-0.12,0.21)

(
(
(
(
0.02 (
(
(
(
(

0.25, 0.04)*
0.003 (—0.14, 0.15)

—0.05(-0.21,0.11)

0.16 (0.05, 0.27)**

B, regression coefficient; 95%Cl, 95% confidence interval; SER, spherical equivalent refraction; RMB, Renminbi.
The categorical variables (coded by 1-4) include gender (1 = boys, 2 = girls); nationality (1 = Han, 2 = minority); intervention program (1 = no,
2 = yes); education levels of parents (1 = primary school and below, 2 = junior high school, 3 = senior high school, 4 = college degree and above);
parental myopia (1 = none, 2 = either or both); family income (1 = less than 3000, 2 = 3000-5999, 3 = more than 6000); sleep duration (1 = less
than 7, 2 = 7-9, 3 = more than 9) and time spent studying, screen-viewing activities, and outdoors (1 = less than 2, 2 = 2 h or more).

4Listed all the variables associated with changes in SER or axial elongation in univariate regression (p < 0.2).
PMethod of backward selection was applied, and adjusted for gender, nationality and body mass index.

*p < 0.05; **p < 0.01.

Table 4. Parameters associated with axial elongation within 1 year in myopic and non-myopic children

Parameters

Non-myopic children (n = 156)

Myopic children (n = 161)

B (95%Cl) in
univariate regression®

B (95%Cl) in
multivariable
regression®

B (95%Cl) in
univariate regression®

B (95%Cl) in
multivariable
regression®

Intervention program

Baseline SER (D)

Age (years)

Level of education, father

Level of education, mother
Parental myopia

Family income (RMB monthly)

Sleeping duration (hours daily)

Time spent studying after
school (hours daily)

Time spent on screen-viewing
activities (hours daily)

Time outdoors (hours daily)

—0.06 (—-0.10, —0.008)*
—0.003 (-0.05, 0.05)
—0.02 (-0.03, —0.01)**
0.03 (—0.005, 0.06)
0.02 (—0.02, 0.05)
—0.03(-0.08, 0.02)
—0.007 (—0.04, 0.03)
—0.03 (-0.07, 0.009)
0.02 (—0.03, 0.07)

—0.02 (-0.08, 0.03)

0.003 (—0.04, 0.05)

—0.07 (-0.11, —0.02)**

—0.02 (-0.03, —0.01)**
0.03(0.001, 0.06)*

—0.05 (—0.09, —0.02)**

—0.07 (=0.10, —0.04)**
—0.003 (-0.02, 0.01)
—0.02 (-0.03, —0.006)**
0.009 (—0.02, 0.04)
0.008 (—0.02, 0.04)
0.03(—0.01, 0.06)
—0.03(-0.06, —0.003)*
0.01(-0.02, 0.04)
—0.003 (—0.04, 0.03)

—0.009 (—0.04, 0.03)

—0.01(-0.05, 0.03)

—0.07 (-0.10, —0.03)**

—0.02 (-0.02, —0.006)**

B, regression coefficient; 95%Cl, 95% confidence interval; SER, spherical equivalent refraction; RMB, Renminbi.
The categorical variables (coded by 1-4) include gender (1 = boys, 2 = girls); nationality (1 = Han, 2 = minority); intervention program (1 = no,
2 = yes); education levels of parents (1 = primary school and below, 2 = junior high school, 3 = senior high school, 4 = college degree and above);
parental myopia (1 = none, 2 = either or both); family income (1 = less than 3000, 2 = 3000-5999, 3 = more than 6000); sleep duration (1 = less
than 7, 2 = 7-9, 3 = more than 9) and time spent studying, screen-viewing activities, and outdoors (1 = less than 2, 2 = 2 h or more).

9Listed all the variables associated with change in SER or axial elongation in univariate regression (p < 0.2).
PMethod of backward selection was applied, and adjusted for gender, nationality and body mass index.

*p < 0.05; **p < 0.01.
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tions in Sujiatun schools were comparable with those in an
Italian school.?® After intervention, the average illuminance
and uniformity of desks were significantly improved with a
median average illuminance of desks up to 558 lux (inter-
quartile range 506-603), which surpassed the recom-
mended 300 lux produced by applying an increased
quantity and better quality of T5 fluorescent lamps, and the
median uniformity increased to 0.67 (interquartile range
0.64-0.71) approaching the recommended value of 0.7 due
to the wide distribution and white louvres of the suspended
luminaires. On the other hand, the lighting condition of
blackboards was not improved as much as expected because
only one blackboard lamp fixture was mounted in front of
half of the blackboard because the other side was occupied
by multimedia presentations. The median average illumi-
nance increased to 88% of the recommended 500 lux and
uniformity declined to 0.65 (interquartile range 0.59-0.71)
from a pre-intervention value of 0.72 (interquartile range
0.62-0.75). Previous studies showed that lighting interven-
tion could affect humans, not only regarding vision, but in
other aspects, such as alertness, vitality, performance, and
even diurnal rhythms. Smolders and coworkers® tested the
effects of two illuminance levels (200 lux or 1000 lux at eye
level, 4000K) during 1 h of daytime exposure with 32 stu-
dents. They found that participants felt less sleepy and
more energetic in the high vs low lighting condition, had
shorter reaction times on a psychomotor vigilance task and
increased physiological arousal. A pilot study®” on variable
lighting, that is, variable in illuminance and color tempera-
ture during a 9 month period, found that students in the
intervention group made fewer errors, particularly fewer
errors of omission under the ‘concentrate’ program
(1060 lux, 5800K), and reading speed rose significantly fas-
ter than students in the control group (300 lux, 4000K).

Findings from a previous study suggested that the age of
myopia onset may become increasingly younger in most
areas of the world. In Southeast Asia the peak age of myo-
pia onset is 12—13 years,” however, the prevalence of myo-
pia in the UK is at a relatively low level of 18% for a similar
age®® despite myopic children been only 14% of a cohort
born between 1920 and 1990.° The data of National Health
and Nutrition Examination Survey (NHANES) showed that
more children of school age in the US were identified as
having myopia.” Our results demonstrated that the inci-
dence of myopia onset declined with exposure to higher
classroom light levels during the daytime. Higher ambient
light levels reduced the impact of myopiagenic stimuli (e.g.
more time reading and writing in classrooms). Feldkaem-
per et al.*® found that the eyes of chicks became more sen-
sitive to image degradation at low light levels (5.5 lux) and
suggested that human eyes may be more prone to develop-
ing myopia if the light levels were low during extended
periods of near work.

W-J Hua et al.

We found that more time sleeping at night had a positive
effect on decreasing SER as well as axial growth among
non-myopic children. Decreased sleeping duration means
more time exposed to electric light at night which may
affect diurnal cycles by the suppression of melatonin.*
Many ocular processes showed diurnal fluctuations under
various levels of ambient illumination encountered over
the 24 h diurnal cycle of light and dark.’" Experimentally,
exposing chickens to constant light or darkness to disturb
the diurnal cycle caused excessive eye growth and corneal
flattening.’>>> More than 10 years ago, a strong relation
was demonstrated between the absence of a daily period of
darkness in the first 2 years after birth and the prevalence
of myopia during childhood,” and a strong relation
between myopia progression in young adults and less daily
exposure to darkness was reported among Caucasians.’
On the contrary, the associations were not found in the
populations of the UK?® and Singapore.®”

In this study, near work, including activities of studying
(after school) and screen-viewing using computers, TVs,
smart phones and so on were surveyed, and a negative
effect on myopia progression was found only for screen-
viewing activities. Various types of near work were also
measured and significant relations with myopia were
reported by Zhang et al.’® and Lee et al.® Lee et al. sug-
gested that each activity may affect myopia in a unique way
and the mechanisms may be different.

Recently, researchers have paid more attention to the
potential influence of urbanisation on myopia, and the pos-
sible adverse effects of higher urbanisation levels have been
verified.** Family income may be a factor that reflects
urbanisation levels to some extent, and the influences on
myopia are complicated by the effects of housing type,
lighting levels, parental education levels, and parental myo-
pia. A weak statistical association between family income
and myopia or high myopia was detected in Chinese chil-
dren®® but not in Singaporean children.*' The Guangzhou
survey reported that families with myopic parents tended
to have higher incomes.*” Inconsistent with previous stud-
ies, we found that children from families with higher
incomes had smaller myopia shifts, and the association
between myopia progression and parental myopia was not
significant. A possible explanation is the small sample size
used in the study. As reported by Xiang et al.*® the mean
SER generally became more myopic in the children whose
parents had secondary and tertiary education. In our study,
higher levels of the father’s education were a risk factor for
decreases in SER and axial elongation among non-myopic
children. Parents with higher education levels had a greater
likelihood to be myopic and spend more time on near work
or being indoors. The shared family environment has often
been assumed to be the crucial reason for family clustering
of myopia.
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In our study, axial elongation among students in the
intervention arm was retarded by improving the ambient
illuminance in the daytime, which was consistent with
changes in SER and with older age, and was associated sim-
ilarly with less axial growth. The results were comparable to
the detailed analysis by Xiang et al.,** which showed longi-
tudinal shifts in refraction and ocular components among
Chinese children. Their analysis showed annual changes in
SER and AL in younger children (aged 7-11) were larger
than in older children (aged 12-15), and axial elongation
and myopia progression were accelerated before myopia
onset and decreased after myopic refraction was estab-
lished. The Correction of Myopia Evaluation Trial
(COMET) study group estimated 15.61 years old to be the
age of myopia at stabilisation in an ethnically diverse
cohort.*” The participants recruited in our study were
younger than the estimated age and that may be one reason
for the effective intervention results.

Strengths of our study include taking effective light
intervention into primary and secondary schools, detailed
measurement of refraction and ocular biometry, and
assessment of various potential risk factors. Limitations of
the study should be mentioned. First, the students who
were willing to travel to the hospital for an eye examina-
tion were too few, therefore, there was a lack of individ-
ual randomisation and the possibility of selection bias.
Second, the subjects were from rural areas only, so the
results cannot be extended to a population settled in an
urban area. Third, our intervention program was not
perfect regarding the illuminance and uniformity of
blackboards.

In summary, our study revealed that higher ambient light
levels in classrooms protected non-myopic students from
myopia onset and decreases in SER, and retarded axial
growth for both myopic and non-myopic students. Going
outdoors and playing is suggested to be an important
method for myopia prevention and progression. We sug-
gest that higher indoor ambient light levels are another
conceivable and simple protective intervention. However, it
is worth noting that exposing oneself to electrical lighting
in the late evening influences circadian rhythms by disrupt-
ing melatonin signalling, which may potentially impact
health and function. Future studies are needed to explore
the range of light levels that are most protective of vision in
children.

Acknowledgements

This work was supported by the Research Special Fund for
Public Welfare Industry of Health (grant number:
201202010). The authors thank the Shenyang Aier Eye
Hospital, Education Bureau of Sujiatun District and Health
Center for Elementary and Middle School Students of

Light intervention reduces myopia onset and shift

Sujiatun District for their support and for providing essen-
tial technology and equipment for comprehensive eye
examinations. We also thank the schools and participants
for the data collection.

Disclosure

The authors report no conflicts of interest and have no pro-
prietary interest in any of the materials mentioned in this
article. The funding organisation had no role in the design
or conduct of this research.

References

1. Wojciechowski R. Nature and nurture: the complex
genetics of myopia and refractive error. Clin Genet 2011; 79:
301-320.

2. Morgan IG, Ohno-Matsui K & Saw SM. Myopia. Lancet
20125 379: 1739-1748.

3. Charman N. Myopia: its prevalence, origins and control.
Ophthalmic Physiol Opt 2011; 31: 3-6.

4. Pan CW, Ramamurthy D & Saw SM. Worldwide prevalence
and risk factors for myopia. Ophthalmic Physiol Opt 2012;
32: 3-16.

5. Vitale S, Sperduto RD & Ferris FL III. Increased prevalence
of myopia in the United States between 1971-1972 and
1999-2004. Arch Ophthalmol 2009; 127: 1632—1639.

6. Williams KM, Hysi PG, Nag A, Yonova-Doing E, Venturini
C & Hammond CJ. Age of myopia onset in a British popula-
tion-based twin cohort. Ophthalmic Physiol Opt 2013; 33:
339-345.

7. Rose KA, Morgan IG, Smith W, Burlutsky G, Mitchell P &
Saw S-M. Myopia, lifestyle, and schooling in students of
Chinese ethnicity in Singapore and Sydney. Arch Ophthal-
mol 2008; 126: 527.

8. Lee YY, Lo CT, Sheu SJ & Lin JL. What factors are associated
with myopia in young adults? A survey study in Taiwan Mil-
itary Conscripts. Invest Ophthalmol Vis Sci 2013; 54: 1026—
1033.

9. Pan CW, Zheng YF, Wong TY et al. Variation in prevalence
of myopia between generations of migrant indians living in
singapore. Am ] Ophthalmol 2012; 154: 376-381.

10. Charman WN. Myopia, posture and the visual environment.
Ophthalmic Physiol Opt 2011; 31: 494-501.

11. French AN, Morgan IG, Mitchell P & Rose KA. Patterns of
myopigenic activities with age, gender and ethnicity in
Sydney schoolchildren. Ophthalmic Physiol Opt 2013; 33:
318-328.

12. Rose KA, Morgan IG, Ip J et al. Outdoor activity reduces
the prevalence of myopia in children. Ophthalmology 2008;
115: 1279-1285.

13. Guo Y, Liu L], Xu L et al. Outdoor activity and myopia
among primary students in rural and urban regions of
Beijing. Ophthalmology 2013; 120: 277-283.

© 2015 The Authors Ophthalmic & Physiological Optics © 2015 The College of Optometrists 261

Ophthalmic & Physiological Optics 35 (2015) 252-262



Light intervention reduces myopia onset and shift

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

262

Jones-Jordan LA, Sinnott LT, Cotter SA et al. Time
outdoors, visual activity, and myopia progression in
juvenile-onset myopes. Invest Ophthalmol Vis Sci 2012; 53:
7169-7175.

Wu PC, Tsai CL, Wu HL, Yang YH & Kuo HK. Outdoor
activity during class recess reduces myopia onset and
progression in school children. Ophthalmology 2013; 120:
1080-1085.

Morgan IG, Xiang F, Rose KA, Chen Q & He M. Two year
results from the Guangzhou Outdoor Activity Longitudinal
Study (GOALS). ARVO abstracts, 2012 e.abstract No. 2735.
Guggenheim JA, Northstone K, McMahon G ef al. Time
outdoors and physical activity as predictors of incident
myopia in childhood: a prospective cohort study. Invest
Ophthalmol Vis Sci 2012; 53: 2856-2865.

Cohen Y, Belkin M, Yehezkel O, Solomon AS & Polat U.
Dependency between light intensity and refractive develop-
ment under light-dark cycles. Exp Eye Res 2011; 92: 40—46.
Ashby R, Ohlendorf A & Schaeffel F. The effect of ambient
illuminance on the development of deprivation myopia in
chicks. Invest Ophthalmol Vis Sci 2009; 50: 5348—5354.
Smith EL III, Hung LF & Huang J. Protective effects of high
ambient lighting on the development of form-deprivation
myopia in rhesus monkeys. Invest Ophthalmol Vis Sci 2012;
53:421-428.

Hemphala H & Eklund J. A visual ergonomics intervention
in mail sorting facilities: effects on eyes, muscles and pro-
ductivity. Appl Ergon 2012; 43: 217-229.

China National Stanadization Management Committee. GB
7793-2010, Hygienic Standard for Day Lighting and Artificial
Lighting for Middle and Elementary School. Standards Press
of China: Bei Jing, China, 2011.

Siegwart JT Jr, Ward AH & Norton TT. Moderately elevated
fluorescent light levels slow form deprivation and minus
lens-induced myopia development in tree shrews. ARVO
abstracts, 2012 e. abstract No. 3457.

Norton TT & Siegwart JT Jr. Light levels, refractive develop-
ment, and myopia—a speculative review. Exp Eye Res 2013;
114: 48-57.

De Giuli V, Zecchin R, Corain L & Salmaso L. Measured
and perceived environmental comfort: field monitoring in
an Italian school. Appl Ergon 2014; 45: 1035-1047.
Smolders KC, de Kort YA & Cluitmans PJ. A higher illumi-
nance induces alertness even during office hours: findings
on subjective measures, task performance and heart rate
measures. Physiol Behav 2012; 107: 7-16.

Barkmann C, Wessolowski N & Schulte-Markwort M.
Applicability and efficacy of variable light in schools. Physiol
Behav 2012; 105: 621-627.

Logan NS, Shah P, Rudnicka AR, Gilmartin B & Owen CG.
Childhood ethnic differences in ametropia and ocular

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

W-J Hua et al.

biometry: the Aston Eye Study. Ophthalmic Physiol Opt
2011; 31: 550-558.

Feldkaemper M, Diether S, Kleine G & Schaeffel F. Interac-
tions of spatial and luminance information in the retina of
chickens during myopia development. Exp Eye Res 1999; 68:
105-115.

Gooley JJ, Chamberlain K, Smith KA et al. Exposure to
room light before bedtime suppresses melatonin onset and
shortens melatonin duration in humans. J Clin Endocrinol
Metab 2011; 96: 463—-472.

Chakraborty R, Read SA & Collins M]J. Diurnal variations in
axial length, choroidal thickness, intraocular pressure, and
ocular biometrics. Invest Ophthalmol Vis Sci 2011; 52: 5121—
5129.

Lauber JK, Shutze JV & Mcginnis J. Effects of exposure to
continuous light on the eye of the growing chick. Proc Soc
Exp Biol Med 1961; 106: 871-872.

Lauber JK & Kinnear A. Eye enlargement in birds induced
by dim light. Can ] Ophthalmol 1979; 14: 265-269.

Quinn GE, Shin CH, Maguire MG & Stone RA. Myopia and
ambient lighting at night. Nature 1999; 399: 113—114.
Loman J, Quinn GE, Kamoun L et al. Darkness and near
work: myopia and its progression in third-year law students.
Ophthalmology 2002; 109: 1032-1038.

Guggenheim JA, Hill C & Yam TF. Myopia, genetics, and
ambient lighting at night in a UK sample. Br ] Ophthalmol
2003; 87: 580-582.

Saw SM, Wu HM, Hong CY, Chua WH, Chia KS & Tan D.
Myopia and night lighting in children in Singapore. Br J
Ophthalmol 2001; 85: 527-528.

Zhang MZ, Li LP, Chen LZ et al. Population density and
refractive error among Chinese children. Invest Ophthalmol
Vis Sci 2010; 51: 4969—4976.

Chu CH, Wang JH, Jan RH, Huang CH & Cheng CF. Asso-
ciation between health examination items and body mass
index among school children in Hualien, Taiwan. BMC
Public Health 2013; 13: 975.

Xiang F, He M & Morgan IG. The impact of parental myo-
pia on myopia in Chinese children: population-based evi-
dence. Optom Vis Sci 2012; 89: 1487—1496.

Saw SM, Shankar A, Tan SB et al. A cohort study of incident
myopia in Singaporean children. Invest Ophthalmol Vis Sci
2006; 47: 1839-1844.

Xiang F, He M & Morgan IG. Annual changes in refractive
errors and ocular components before and after the onset of
myopia in Chinese children. Ophthalmology 2012; 119:
1478-1484.

COMET Study Group. Myopia stabilization and associated
factors among participants in the correction of myopia eval-
uation trial (COMET). Invest Ophthalmol Vis Sci 2013; 54:
7871-7883.

© 2015 The Authors Ophthalmic & Physiological Optics © 2015 The College of Optometrists

Ophthalmic & Physiological Optics 35 (2015) 252-262



This document is a scanned copy of a printed document. No warranty is given about the
accuracy of the copy. Users should refer to the original published version of the material.



