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Clinical science

Lower indoor spatial frequency increases the risk of

myopia in children

Dan-Lin Li @, Xing-Xuan Dong
Andrzej Grzybowski @ ,* Chen-Wei Pan

ABSTRACT

Background/aims Animal models have shown that
the absence of high-frequency visual information can
precipitate the onset of myopia, but this relationship
remains unclear in humans. This study aims to explore
the association between the spatial frequency content of
the visual environment and myopia in children.
Methods Images from the rooms of children and
their frequently visited outdoor areas were taken by
their parents and collected by the researcher through
questionnaires. The spatial frequency was quantified
using Matlab. Cycloplegic refraction was used to
measure the spherical equivalent (SE), and IOL Master
was used to measure axial length (AL) and corneal radius
(CR). AL/CR ratio was calculated.

Results The study included 566 children with an
average age of (8.04+1.47) years, of which 270 were
girls (47.7%), and the average SE was (0.70+1.21) D.
Image analysis revealed that indoor spatial frequency
slope was lower than that of the outdoor environment
(—1.43+0.18 vs —1.11+0.23, p<0.001). There were 79
myopic individuals (14.0%). Images from indoor content
of myopic children had a lower spatial frequency slope
than non-myopic children (—1.47+0.16 vs 1.43+0.18,
p=0.03) while there was no significant difference in
outdoor spatial frequency slope. Regression analysis
indicated that the indoor spatial frequency slope was
positively associated with SE value ($=0.60, p=0.02)
and inversely related to myopia (OR=0.24, p<0.05).
Conclusion The spatial frequency of the outdoor
environment is significantly higher than that of the
indoor environment. Indoor spatial frequency is related
to children’s refractive status, with lower indoor spatial
frequency being associated with a higher degree of
myopia.

INTRODUCTION

Myopia has become a global public health issue,
with persistently high prevalence rates, partic-
ularly in Fast and Southeast Asia.' Myopia is
caused by a complex interplay between genetic
and environmental factors, and its prevention and
control currently focus mostly on environmental
and behavioural interventions.” * Randomised
controlled intervention trials have shown that
outdoor time is an effective preventive measure for
myopia, with 2 hours per day outdoors being gener-
ally recommended.*® However, due to educational
and homework pressures, as well as the widespread
use of electronic devices, children and adolescents
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WHAT IS ALREADY KNOWN ON THIS TOPIC

= The visual environment is closely associated
with the normal refractive development.
Animal models have shown that the absence
of high-frequency visual information can lead
to the onset of myopia. However, there is little
evidence of the association between the spatial
frequency content of the visual environment
and myopia in children.

WHAT THIS STUDY ADDS

= Our study based on a population found that the
spatial frequency slope of indoor environments
was significantly lower than that of outdoors.
Less high spatial frequency content indoors was
associated with myopia among children.

HOW THIS STUDY MIGHT AFFECT RESEARCH,
PRACTICE OR POLICY

= The findings suggest that if high-frequency
content can be increased indoors to replicate
the spatial frequency content of the outdoor
environment, the risk of myopia may be
reduced.

often engage in less than the recommended 2hours
of outdoor activity per day.”” The average daily
outdoor time for 9 years in Singapore is reported
to be about 100min, while in China, school-age
children spend about 91-112 min.* 7 * 1° It has
been found that adherence to spending adequate
time outdoors is low. Therefore, simply increasing
outdoor time has limited effects on myopia preven-
tion and control.'! It is necessary to explore the
key elements that cause differences in myopia risk
between outdoor and indoor environments among
children and adolescents.

Features of the visual environmental exposures
are closely related to the occurrence of myopia.'
Normal refractive development requires visual
stimulation from the environment, and abnormal
visual input can disrupt this process, leading to
myopia.'* ** Based on the chromatic and luminance
characteristics of the visual environment, previous
studies have found that lower light intensity and
shorter wavelength are significant factors affecting
the onset and progression of myopia."”” In recent
years, researchers found that spatial frequency
content differences between indoor and outdoor
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environments may play a role in the occurrence and develop-
ment of myopia.*®

Compared with the natural environment, the indoor environ-
ment exhibits similar spatial frequency characteristics to animal
models that induce form deprivation myopia, specifically, a
lack of higher spatial frequencies.'* There is a significant struc-
tural difference between natural and man-made environments,
as indoor structures lack common attributes present in natural
scenes. High-frequency visual information may be crucial for
maintaining normal refractive development, which is disrupted,
leading to excessive development of axial length (AL) triggering
myopia.'* In chicks and guinea pigs, a scarcity of high-frequency
visual information has been found to result in abnormal refrac-
tive development and myopia.'* 7 Nevertheless, the association
between spatial frequency of visual information and myopia is
mostly limited to animal models, with very few studies conducted
in populations. If the lack of higher spatial frequency content
in indoor scenes contributes to the development of myopia in
humans, it would make practical sense to increase indoor high-
frequency information by reproducing the spatial frequency of
the outdoor environment to reduce the risk myopia. Previously,
Yi et al set up a classroom environment resembling an outdoor
scene but did not specifically evaluate the spatial frequency and
its association with myopia.'

Thus, the aim of the present study was to explore the associa-
tion between the spatial frequency content of the visual environ-
ment and myopia in children.

METHODS

Study population

This study was conducted at two primary schools and one
kindergarten in Shanghai from March 2022 to December 2022
by convenience sampling. The study enrolled students aged 5-12
years who had lived at their current address for a minimum of
6 months. The exclusion criteria were as follows: (1) the pres-
ence of organic eye diseases such as glancoma, strabismus, etc;
(2) non-cooperation during eye examinations or failure to meet
the requirements for cycloplegic refraction; (3) high myopia
(SE<—6.0 D) or high hyperopia (SE=5.0 D) in one or both eyes
and (4) previous use of myopia-related interventions such as
atropine, corneal reshaping lenses and red light therapy.

During the recruitment process, electronic questionnaires were
distributed for completion by participants’ parents or guard-
ians for the collection of basic information and environmental
images. A total of 1559 questionnaires were collected, excluding
duplicates and subjects with inadequate images, leaving 1074
individuals with complete image information. Among those with
complete image information, appointments were scheduled for
eye examinations, and 574 individuals completed the examina-
tions. Eight individuals were excluded postexamination for high
myopia or hyperopia, leaving 566 for analysis. No statistically
significant differences were found in age, sex or indoor/outdoor
spatial frequency between the participants included in the study
and those who did not participate in the eye examinations and
were subsequently excluded.

Images collection and spatial frequency analysis

Images of the indoor and outdoor environments of the research
subjects were collected through an electronic questionnaire,
which was taken and filled out by their parents or guardians
using their mobile phones. To ensure standardised and high-
quality image capture, examples of the required images were
provided in the electronic questionnaire (figure 1A). Indoor
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Figure 1 The diagram of the spatial frequency analysis process.

images were captured from two distinct angles including an
entire room panorama and desk panorama, and a single picture
was taken of the frequently used outdoor area. Instructions for
collecting images to the parents were given to (1) ensure high
clarity during capture; (2) try to select a time frame between
16:00 and 18:00 hours to avoid direct sunlight and minimise
the impact of light intensity; (3) maintain a certain range of view
during photography to avoid close-up shots; (4) try to avoid
people in the images. On retrieval of the images, researchers
screened and evaluated the images for inclusion. An example of
the collected image is shown in figure 1B. Images that did not
match the content or had a resolution of less than 1024 x 1024
were excluded.

Spatial frequency analysis was carried out using Matlab. The
teasibility and rationality of this method have been demon-
strated in previous studies.’® ¥ The initial step was image
preprocessing, which involved adjusting the resolution of the
images to a uniform size of 1024x1024 pixels, converting
them from the RGB colour system to greyscale and LMS colour
space. Subsequently, a two-dimensional Fourier transformation
was performed, shifting the zero-frequency point to the centre
of the image and radially averaging the spectrum information
in each direction (figure 1C). Finally, a logarithmic coordinate
axis with a base of 10 was created for fitting linearly the ampli-
tude and spatial frequency of each pixel, aiming to obtain the
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slope value of the overall spatial frequency spectrum fitting of
the image (figure 1D). This slope value reflects the magnitude of
the spatial frequency of the image. Previous research has shown
that following these steps, the theoretical value of the spatial
frequency slope for natural images is —1.0."° ' The lack of
higher spatial frequencies leads to a stepper decline in amplitude
so a smaller slope value indicates a smaller spatial frequency of
the environment represented by the image.

Eye examination
After collecting the images, we confirmed that the inclusion
criteria had been met. On contirmation, an appointment was
scheduled for an ophthalmic examination. The examination
was conducted at an ophthalmic hospital in Shanghai by an
optometrist. Initially, the IOL Master (V.5.02, Carl Zeiss, Jena,
Germany) was used to measure the AL and the average corneal
radius (CR). Measurements were taken three times consecu-
tively, and the average was recorded. Any discrepancy between
two measurements exceeding 0.02mm warranted a remeasure-
ment. The ratio of AL to average CR was termed the AL/CR.
Subsequently, cycloplegic refraction was employed to obtain
the refractive information of the subjects. During this process,
19 cyclopentolate hydrochloride was administered as the
mydriatic agent. First, one drop of proparacaine hydrochloride
is applied, followed by one drop of cyclopentolate hydrochlo-
ride 15 later, and then another drop of cyclopentolate hydro-
chloride is applied at Smin. After each application, students
were instructed to gently press the medial canthus for several
seconds and to assume a reclined head position, The final drop
was applied at 30min intervals, and pupil dilation and light
reflex were examined. Cycloplegia was defined by the disap-
pearance of the pupillary reflex. If ciliary paralysis has not been
achieved, a third drop is administered, and the condition is
re-evaluated after an additional 15 min. After confirming cyclo-
plegia, an automatic desktop refractometer (KR-8900; Topcon,
Japan) was used for refraction. Measurements were taken for
the right eye, followed by the left eye, with each eye undergoing
three repeated measurements, and the average was calculated.
If there was a difference of more than 0.50 D between any two
measurements, the process was repeated. The spherical equiva-
lent (SE) was calculated as the spherical dioptre+0.5 xthe cylin-
drical dioptre. Myopia was defined as the SE value less than or
equal to —0.50 D.

Covariate information

Basic demographic information of the participants was collected
through questionnaires, which included the name, sex (boy or
girl), height, weight and the duration of residence in the current
location (less than 3 years, 3 to § years, more than 5 years).
The brightness and contrast values were calculated through the
images. Brightness was measured in grey-scale value (G), ranging
from 0 to 255, with higher values indicating lighter colours.
Contrast represented the degree of grayscale variation in an
image, and it was unitless. A higher contrast value signified a
greater degree of variation between light and dark areas in the
image.

Quality control

To ensure the quality of the study, researchers first created the
electronic link for the questionnaire and filled it out multiple
times to ensure its accuracy. Before filling out the questionnaire,
investigators provided a detailed explanation of the survey’s
purpose and the precautions for taking images. It was mandatory

Table 1 Characteristics of refractive parameters and differences
across various refractive statuses in the participants

Myopia Non-myopia P

Variables Total (79, 14.0%) (487, 86.0%) value
Age (year) 8.04+1.47 8.90+0.94 7.90+1.50 =0.001
Height {cm) 121.21+10.32 127.01+6.90 120.26+10.48 =0.001
Weight (kg) 25.00+6.76 28.10+6.78 24.50+6.62 =0.001
SD (D) 1.01£1.23 -1.15+0.84 1.36+0.88 =0.001
CD (D) —0.61+0.54 —=0.70+0.59 -0.60+0.53 0.14

SE (D) 0.70+1.21 —-1.50+0.86 1.06+0.82 =0.001
AL (mm) 22.84+0.91 23.92+0.77 22.67+0.80 <0.001
CR (mm) 7.83+0.28 7.84+0.28 7.82+0.27 0.55

ALICR 2.92+0.09 3.05+0.09 2.90+0.08 <0.001

AL, axial length; €D, cylindrical dioptre; CR, corneal radius; SD, spherical dioptre; SE,
spherical equivalent.

tfor participants to fully complete the questionnaire before
submission, After submission, researchers excluded question-
naires with obvious errors and deleted images that did not meet
the standard based on the inclusion and exclusion criteria for
image assessment. Ophthalmic examinations were performed
by professional optometrists at a tertiary hospital. During the
measurement process, both optometric checks and AL assess-
ments were conducted three times, with the average value being
recorded. If the error exceeded the expected value, the measure-
ment was repeated.

Statistical analysis

Excel was used to organise questionnaire data. The spatial spec-
tral slope, brightness and contrast value of the images were
calculated using Matlab R2021a. Additionally, there was a
high correlation between the SE, AL, CR and AL/CR of the left
and right eyes, with correlation coefficients exceeding 0.9 (all
p<0.001). Subsequent analyses were conducted using data from
the right eve. Independent samples t-tests were used to compare
spatial frequency distributions for different refractive states. AL,
CR, AL/CR, SE and myopia were used as outcomes to analyse
the relationship between spatial frequency and them. All anal-
yses of the study were conducted in SPSS V.i23.0. A p<0.05 was
considered statistically significant in this study.

RESULTS

A total of 566 participants were included in the study, with an
average age of (8.04=1.47) years, comprising 296 boys (52.3%)
and 270 girls (47.7%96). The refractive parameters and differences
across various refractive statuses are detailed in table 1. The
mean values for sphere, cylinder and SE were 1.01 D, —0.61 D
and 0.70 D, respectively. For AL, CR and AL/CR ratio, the mean
values were 22.84mm, 7.83 mm and 2.92, respectively. Myopic
individuals exhibited significantly higher spherical dioptres,
longer ALs, flatter CRs and higher AL/CR ratios compared with
those without myopia (all p<0.05).

Figure 2 illustrates the distribution of spatial spectral slope
for indoor and outdoor environments. The spatial spectral
slope of the indoor environment followed a normal distribu-
tion (skewness=0.09, kurtosis=—0.22, P for K-S test=0.20),
with an average of (—1.43+0.18), ranging from a maximum
of —0.95 to a minimum of —1.95. For the outdoor environ-
ment, the spatial spectral slope ranged from —1.92 to —0.63,
with an average of —1.11=0.23. The distributions were skewed
(kurtosis=—0.14, skewness=—0.43, P for K-S test<0.001). The
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Figure 2 Distribution of indoor and outdoor spatial spectral slope in
the sample.

difference in spatial spectral slopes between indoor and outdoor
environments was significant (p<0.001).

There were 79 myopic individuals, with a myopia prevalence
of 14.0%. Figure 3 shows the differences in indoor and outdoor
spatial spectral slopes among different refractive groups. Images
taken from rooms of myopic individuals had significant (p=0.03)
lower indoor spatial spectral slope (—1.47+0.16) compared
with non-myopic individuals (—1.43+0.18). However, there
was no significant difference in images from outdoor spatial
spectral slopes between myopic and non-myopic individuals
(—1.1220.27 vs —1.10+0.23, p>0.05).

Table 2 shows the relationships between spatial spectral slopes
in indoor and outdoor environments with SE and myopia.
After adjusting for age, sex, height, weight, residence time,
indoor brightness and indoor contrast, an increase of one unit
in indoor spectral slope was associated with a 0.6 D increase
in SE (p=0.022) and a 76.0% reduction in the risk of myopia
(p=0.049). Regarding the relationship of outdoor spatial
spectral slope with SE and myopia, neither the crude nor the
multivariable models suggested an association between outdoor
spatial spectral slope and SE or myopia (both p>0.05).

The regression models of the association between indoor and
outdoor spatial spectral slopes and refractive parameters are
presented in online supplemental table 1. In the multivariable
models adjusted for the confounding factors, the B (95%CI)
values for AL, CR and AL/CR were —0.18 (—0.52 to 0.16),
0.02 (=0.10 to 0.14), and —0.03 (—0.07 to 0.01), respectively
(all p>0.05). No significant association was observed between

1
- I o
g 0.0+ | r00 o

. 1 =
§ 054 T ! L05 &
2 i 8
£ 10 é é ! ’ ’ Loto %
= { - Y
g _II5- e ’ ; -~1I5 3
’ ’ | g
= -2.04 : L.z20 g
5 ' g
o 23 T T T T * T T T T 25 5

Yes No Yes No Yes MNa Yes Na
Myopia Higher AL/CR Myopia Higher ALICR

Figure 3 The comparison of spatial spectral slope in different
refractive status. AL, axial length; CR, corneal radius. * P<0.05.

outdoor spatial spectral slopes and AL, CR or AL/CR (all
p>0.05).

DISCUSSION

Our study quantitatively assessed the environmental spatial
frequency and found an association between refractive param-
eters after cycloplegic refraction, controlling for the effects of
brightness and contrast. We found that the spatial frequency
slope of indoor environments was significantly lower than that
of outdoor environments. Less high spatial frequency content
indoors was associated with myopia. However, no significant
association was found with AL, CR or AL/CR. In contrast,
outdoor spatial frequency showed no significant association
with myopia or refractive parameters. The results of study may
suggest that if high-frequency content can be increased indoors,
reproducing the spatial frequency content of the outdoor envi-
ronment, myopia prevention might be possible. However,
further randomised controlled studies are necessary to confirm
this hypothesis.

In this study, the spatial spectral slope value was derived from
the image using a series of operations such as Fourier transfor-
mation and radial averaging to quantitatively assess the spatial
frequency of the environment. Previous studies have shown that,
despite the diversity exhibited in images, the frequency spectra
distributions of outdoor scenes are consistent.'® ' Consistent
with published findings, our results showed that indoor spaces
contain fewer high-frequency components than outdoor envi-
ronments.'® Previous research has suggested that the lack of
high spatial frequency components indoors could have the
same effect as a 0.4 Bangerter foil in inducing myopia in animal
models.” ' In our study, increasing high spatial frequency
information indoors to those seen outdoors could potentially
improve refractive status by 0.2 D and reduce the risk of myopia
by approximately 24.3%. Nevertheless, it is important to note
that the p value was at the threshold of statistical significance,
which may limit the generalisation of the results. Further
research should be conducted for different age groups and in
different regions to validate the observed association. Further
exploration of temporal effects is also needed. Interestingly, a
significant difference was observed in the spatial frequencies
of environments limited to indoors between myopic and non-
myopic children. This observation can likely be attributed to the
fact that spatial frequency variations are often more pronounced
indoors compared with the relatively consistent levels outdoors.
Additionally, even the lower spatial frequencies encountered
outdoors are generally higher than those found indoors, which
may further contribute to this difference. These findings suggest
that indoor environments may play a crucial role in the develop-
ment of myopia, and future studies should further investigate the
impact of spatial frequency variations on myopia progression.

The underlying retina mechanisms involved in the effect of
spatial frequency on the development of myopia are summarised
in figure 4. From an optical perspective, retinal contrast sensi-
tivity is the basis for retinal perception of spatial frequency.?’*!
Lower spatial frequency is usually accompanied by a reduction
in the contrast of the visual environment, and higher spatial
frequency components translate into greater contrast on the
retina.”’ *! The sensitivity of the human eye to spatial frequency
is inversely proportional to the contrast of the grating.”* Based
on the relationship between spatial frequency and contrast, the
contrast sensitivity function of the human eye can be plotted.”
As the spatial frequency of the visual input signal increases, the
degradation of retinal image contrast due to defocus blur also
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Table 2  Associations of spatial spectral slope with SE and myopia

SE (D)* Myopiat
Crude model Multivariable modelt Crude model Multivariable modelt
Variable P (95% Cl) P value p (95%Cl) Pvalue OR (95%Cl) Pvalue OR (95%Cl) P value
Indoor
Brightness (G, per 10 unit) 0.06 (0.00 to 0.11) 0.049  0.03(-0.02 to 0.08) 0291 089(0.78t01.01) 0.078 093 (0.81t01.06)  0.289
Contrast (per 10 unit) 0.01 (-0.13 to 0.16) 0.846  0.01(-0.131t00.14) 0966 0.70(0.49t00.99)  0.042 0.69 (0.48t00.99)  0.042
Spatial spectral slope (per unit}  0.66 (0.10 t0 1.22) 0.021 0.60(0.09t01.12) 0.022 025(0.06t00.97) 0.046 0.24 (0.06t00.99)  0.049
Outdoor
Brightness (G, per 10 unit) 0.04 (-0.02 to 0.09) 0.190  0.02 (-0.03 to 0.07) 0478 090(0.80t01.03)  0.904 0.92 (0.81to1.06)  0.923
Contrast (per 10 unit) —0.02 (-0.15t0 0.10) 0717  -0.04(-0.15t00.08) 0554 1,08(0.80t01.45)  0.621 112 (0.82t01.53) 0478

Spatial spectral slope (per unit)  0.33 (-0.12 10 0.78) 0.153

*Linear regression model.

tlogistic regression model.

tAdjusted for age, sex, height, weight and residence time group.

Cl, confidence interval; OR, odds ratio; SE, spherical equivalent; 3, coefficient.

increases, indicating that the eye is more sensitive to contrast
changes in higher frequency signals.* By using mfERG measure-
ments, Chin et al demonstrated that the retina responds more
strongly to defocus with lower spatial frequency visual signals,
suggesting that the retina, in addition to decoding defocus
according to wavelength through longitudinal chromatic aberra-
tion and the visual pathway, tunes according to spatial frequency
mnemonics, which is also part of the optical defocusing system.”™
Furthermore, Tran et al proposed that the process of emmetro-
pisation may be coordinated to mid-spatial frequencies, as this
tuning would prevent a small degree of retinal image degrada-
tion from temporary fluctuations in higher-order optical aberra-
tions.”® The absence of mid-frequency to high-frequency visual
information can reduce contrast sensitivity, which becomes
particularly critical at high contrasts, and such a reduction can
contribute to the development of myopia when combined with
low-frequency information and low contrast.”?**

From the neurophysiological perspective, the influence of
visual environment spatial frequency on myopia may be related
to the processing of visual information and the transmission of
neural signals.”” *® Light wavelength and intensity are known to
affect myopia by influencing retinal dopamine “secretion.?? In

Eye sensitivity

Epailal froguoncy.

Low | —

0.09(-0.32 to 0.51) 0.663

0.63(0.22t01.83) 0398 0.75(0.25t02.25)  0.604

chicks, both spatial information deprivation and reduced lumi-
nance decrease retinal dopamine secretion'” *' ***® Thus, spatial
frequency regulation of eye growth may be related to retinal
dopamine in humans. It has been shown that dopamine D2
receptors modulate the spatial frequency selectivity of neurons
in the visual system, and the deletion of the D2 receptor gene in
mice increases the sensitivity of the visual cortex V1 to spatial
frequency.”” When dopamine D1 receptor activity decreases,
horizontal cell coupling increases, lowering the spatial frequency
threshold.*’ In this process, spatial frequency also leads to
varying activation levels of the ON-OFF visual pathways, as
animal models show that OFF pathway activation is five times
more pronounced at low spatial frequencies compared with ON
pathway activation.”*™* During signalling activation, the visual
gap protein has been noted to be an important link in the signal-
ling process from optic rod cell outpur to ON ganglion cells,
which suggested that spatial frequency signalling may play a role
in myopia formation by affecting retinal optic rod signalling
pathways.”” ¥

In our study, indoor spatial frequency was significantly
correlated with SE, but not with AL, CR or AL/CR. To our
knowledge, while there is a significant correlation between SE
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Figure 4 The underlying retina mechanisms involved in the effect of spatial frequency on the development of myopia. (Eye sensitivity®® dopamine
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and AL, CR and AL/CR, higher interindividual variability has
been observed in SE compared with the less variable AL and
AL/CR.*” Additionally, while elongation of the AL can alter the
eye’s shape, changes in CR and lens refraction can compensate
for the increased AL.** Furthermore, in our study, SE measure-
ments were obtained following cycloplegia, which is considered
the gold standard for assessing myopia.

In summary, our study provided population-based data on
the relationship between spatial frequency and myopia. Despite
being a cross-sectional study, the home environment represents
a long-term and stable setting. The relationship between envi-
ronment and myopia is well known and it seems unlikely that
being myopic would lead to changes in the home environment.
However, there are some limitations of this study to consider.
First, the assessment of spatial frequency relied on the photo-
graphs provided by the parents, introducing the potential for
reporting bias, similar to questionnaires. To mitigate subjectivity,
we provided specific examples and conducted image screening,
Second, all images were captured using a mobile phone, which
limited our ability to standardise shooting parameters and calcu-
late illuminance values. Nevertheless, the brightness and contrast
of the images were extracted and controlled in the analysis.
Third, in addition to the confounders already considered, some
other factors that may affect myopia, such as outdoor time, were
not considered in our analysis. Special attention needs to be paid
to control these additional confounding factors in future studies
and validations. Finally, the subjects were recruited from a single-
centre, highlighting the need for future research to validate the
association between spatial frequency and myopia across diverse
regions and age groups.

CONCLUSION

Outdoor scenes have higher levels of high-frequency compo-
nents than indoors. A significant relationship between spatial
frequency and myopia was found only in the indoor environ-
ment. Lower spatial frequency in the indoor environments,
with fewer high-frequency components, was associated to
myopia. The findings suggested that the protective effect of
outdoor activities against myopia may stem not only from the
levels of illumination but also from other characteristics, such
as spatial frequency. Enhancing children’s home environments
by increasing high-frequency components may be a new strategy
to prevent myopia, although further studies are necessary to
confirm our results.
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