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The study goals were measurement of the choroidal thickness (CT) and investigation of related factors 
among children. Third-grade students at an elementary school in Tokyo participated in this study. 
A total of 119 schoolchildren underwent measurements of the axial length (AL), non-cycloplegic 
objective refraction (SE), and CT. The CT was divided into nine regions: the subfoveal area with a 
diameter of 1 mm (C0), a 5-mm-diameter circle-C0 (C1), and a 9-mm-diameter circle (C2); each was 
further divided into four quadrants. The SE, AL, and C0 CT were, respectively, − 1.57 ± 1.56 diopters, 
23.39 ± 0.80 mm, and 297.73 ± 57.88 μm. Multiple regression analysis showed that the time spent 
using a computer was associated significantly with the CT in the C0 and the inferior C2 (C0: β = -0.728, 
P = 0.028; inferior C2: β = -0.527, P = 0.048), and the reading distance was associated significantly 
with the CT in the superior and nasal C2 (superior, β = 1.664, P = 0.007; nasal, β = 1.128, P = 0.015). 
In addition, time spent using smartphones, tablets, or handheld gaming devices was associated 
significantly with the CT in the superior and inferior C2 (superior C2: β = 0.259, P = 0.018; inferior 
C2: β = 0.262, P = 0.013). In conclusion, reading distance and time spent on digital devices may be 
associated with choroid thickness in children.
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The prevalence of myopia is increasing globally, particularly in East Asia and North America, and has become 
a significant public health issue1 The incidence of high myopia and pathological myopia, which pose a threat 
in later years, is also increasing worldwide. Some reports have suggested that by 2050, approximately half of 
the global population will be myopic, with about 10% having high myopia2 Japan is no exception to this trend, 
and we previously reported the high prevalence rates of myopia among preschool children3. elementary school 
students, and junior high school students in Tokyo4.

High myopia, which alters the shape of the eyeball, can lead to various eye diseases that cause blindness, 
such as retinal detachment, glaucoma, optic neuropathy, myopic maculopathy, and myopic choroidal 
neovascularization5,6 According to Bullimore et al., the progression of myopia by 1 diopter (D) increases the risk of 
blindness, myopic maculopathy, retinal detachment, and glaucoma by 24–31%, 58%, 30%, and 20%, respectively. 
Moreover, controlling myopia by 1 D can reduce the incidence of myopic maculopathy, retinal detachment, and 
glaucoma by 37%, 23%, and 17%, respectively, indicating that myopia control can prevent vision-impairing 
conditions6,7 A correlation between the age of onset of myopia and its severity also was reported, with an earlier 
onset age associated with higher degrees of myopia in the future8 Therefore, it is considered crucial to control the 
progression of myopia from an early age in childhood to prevent future high myopia.

Although the mechanism of myopia progression remains unclear, several environmental factors, such as 
near work1,9 and outdoor activity time1,9–11, are highly likely to be related to myopia. Several studies also have 
reported an association between myopia and choroidal thinning12–14.

Understanding the impact of environmental factors on the choroidal thickness (CT) could potentially lead 
to the prevention of myopia onset and the progression to high myopia. In addition to studies reporting factors 
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that influence the CT, several reports also have examined the relationship between the CT and environmental 
factors. For example, it was reported previously that 2 h of outdoor activity temporarily thins the choroid15, and 
furthermore, choroidal thinning has been associated with rapid eye growth16. Conversely, one study reported a 
13 ± 22 μm increase in the CT in children aged 10 to 15 years after 18 months of outdoor exercise (30 min/day)17, 
while another reported an increase in CT following daily morning light therapy18 These findings indicate that 
the current evidence remains inconclusive. In addition, other environmental factors, such as aerobic exercise, 
also have been shown to transiently increase the CT immediately after activity19,20 However, no studies have 
evaluated the associations between environmental factors, including lifestyle habits, and CT by subdividing the 
choroid into specific regions. Therefore, we measured the CT of elementary school students and conducted a 
survey on lifestyle and other factors to investigate the environmental factors affecting the CT.

Methods
Study design and study populations
This investigation was a school based, cross-sectional study conducted among third-grade students at a public 
elementary school in Tokyo, Japan, in July 2023. The Ethics Committee of the Keio University School of 
Medicine approved this study, which adhered to the Declaration of Helsinki. Informed consent was obtained 
from all subjects or their legal guardians. Among those who provided parental consent and completed the 
questionnaire (n = 135), students with available CT data (n = 124) were included in the analysis. After excluding 
children undergoing myopia treatment, i.e., low-concentration atropine or orthokeratology (n = 5), 119 students 
were analyzed (Supplementary Fig. S1). Although a history of eye diseases affecting visual function also was an 
exclusion criterion, no such children were identified.

Measures
The participants underwent ophthalmologic examinations, which included measuring refractive errors using 
autorefractometry and assessing ocular biometric factors such as axial length (AL), central corneal thickness, 
corneal curvature, anterior chamber depth, lens thickness, and CT. Height and weight also were recorded. 
Refraction and other biometric factors were measured objectively in a noncycloplegic state using the HOYA 
iTrace Surgical Workstation (Tracey Technologies). The AL was measured by noncontact optical biometry using 
a swept-source optical coherence tomography (OCT) biometer (IOLMaster 700, Carl Zeiss Meditec AG). We 
recorded the AL 10 times and averaged the data. The CT was measured automatically around 12 PM using the 
Xephilio OCT-S1 (Canon Medical Systems Corporation), and a CT map was created using the OCT Research 
Tool Ver. 2.0 (Canon Medical Systems Corporation). The CT map was created using the default settings of the 
software and divided into nine regions (Fig. 1) as follows: first, a circle with a 1-mm diameter was defined as 
the C0 region. The area subtracting the C0 region from a 5-mm-diameter circle was defined as the C1 region. 
Further, the area subtracting the 5-mm-diameter circle from a 9-mm-diameter circle was defined as the C2 
region. A total of nine regions were investigated: the C0 and C1 and C2 regions each divided into four quadrants 
(temporal, superior, nasal, and inferior). The optic disc was excluded; it was considered as a 1.5-mm-diameter 
area.

Children and their parents completed a questionnaire that included questions about outdoor activity 
time, near work activities, and family history of myopia. The mean number of hours spent outdoors daily was 
calculated using the formula: [(hours spent on a weekday) × 5 + (hours spent on a weekend day) × 2]/7.4

Regarding near work activities, participants were asked to estimate the time spent using computers, 
smartphones, tablets, handheld gaming devices, reading/studying, and reading distance. Among these, 
smartphones, tablets, and handheld gaming devices were considered equivalent near work activities, and their 
total time was compared.

Statistical analysis
We included only the data from the right eyes for the analysis. First, using Tukey’s test, we compared the CTs 
among the nine regions. We then calculated Pearson’s correlation coefficients to examine the correlation between 
CT in the C0 region and non-cycloplegic spherical equivalent (SE), and between the CT in the C0 region and AL. 
Subsequently, we conducted simple linear regression analysis. The CT in each region was set as the dependent 
variable, and independent variables included gender, height, AL, factors obtained from the questionnaire 
(outdoor activity time, computer usage time, smartphone/tablet/handheld gaming device usage time, reading/
studying time, reading distance, and family history of myopia). Finally, we performed multiple regression 
analysis. Similar to simple regression analysis, the CT in each region was set as the dependent variable, and 
independent variables included factors with a P < 0.25 from the simple regression analysis, selected for each 
region using the forced entry method evaluation. Furthermore, the population was stratified into two groups 
based on a reading distance of 30 cm11,21–23 and outdoor activity time of 2 hours11,24 as reported previously. For 
each stratification, comparisons of CT in each region between the two groups were analyzed using the Mann–
Whitney U test.

All statistical analyses were conducted using SPSS software, version 29 (IBM Inc.). All P values were two-
sided, and P < 0.05 was considered statistically significant. The variance inflation factor (VIF) among all variables 
was below 10 in our multiple regression analyses, indicating a low risk of multicollinearity issues. Moreover, 
since there were no school-age children with an axial length of 26 mm or greater, CT correction was not applied.

Results
In this study, we defined myopia as a SE of -0.5 diopter (D) or less. Table 1 shows the background of the 119 
analyzed children (66 boys). The prevalence of myopia was 79.8%. The mean (standard deviation [SD]) SE was 
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− 1.57 (1.56) D, the mean (SD) AL was 23.39 (0.80) mm, and the mean (SD) CT in the C0 region was 297.73 
(57.88) µm.

Figure 2 compares the CT across the four quadrants of the C1 and C2 regions. In all regions, the CT was 
thickest in the temporal region, followed by the superior, inferior, and nasal quadrants, respectively. Significant 
differences were observed in the regions excluding the superior and inferior quadrants of the C1 region.

Figure  3a shows the correlation between the CT in the C0 region and SE; Fig.  3b shows the correlation 
between the CT in the C0 region and AL. The CT in the C0 region was significantly positively correlated with the 
SE (R = 0.215, P = 0.019). Specifically, for every 1-D increase in myopia, the CT decreased by 8.0 μm. Additionally, 
the CT in the C0 region was significantly negatively correlated with the AL (R = -0.330, P < 0.001). For every 
1-mm increase in the AL, the CT in the C0 region decreased by 24.1 μm.

We present the results of multiple regression analysis using factors selected from simple regression analysis. 
For the C0 region, the computer usage time was associated significantly (β = − 0.728; 95% confidence interval 
[CI], − 1.376 to − 0.080; P = 0.028) with the CT (Table 2). Across all the C1 regions and C2 temporal region, 
no environmental factors were associated significantly with the CT (Supplementary Tables S1–S5). In the C2 
superior region, the smartphone/tablet/handheld gaming usage time (β = 0.259; 95% CI, 0.045 to 0.474; P = 0.018) 
and reading distance (β = 1.664; 95% CI, 0.468 to 2.860; P = 0.007) were associated significantly with the CT 
(Supplementary Table S6). Similarly, in the C2 nasal region, the reading distance also was associated significantly 

Fig. 1.  The 9 regions of the choroid.  A central circle (C0) with a 1-mm diameter was created around 
the macula. A 5-mm diameter circle (C1) and a 9-mm diameter circle (C2) were then defined, with C1 
representing the area between 1 mm and 5 mm, and C2 representing the area between 5 mm and 9 mm. Both 
C1 and C2 were divided into four equal regions.
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(β = 1.128; 95% CI, 0.224 to 2.032; P = 0.015) with the CT (Table 3). In the C2 inferior region, the computer usage 
time (β = − 0.527; 95% CI, − 1.050 to − 0.005; P = 0.048) and the smartphone/tablet/handheld gaming usage time 
(β = 0.262; 95% CI, 0.058 to 0.467; P = 0.013) were associated significantly with the CT (Supplementary Table 
S7). Overall, the AL was associated with the CT across all regions except the C2 nasal region. Furthermore, a 
stratified analysis based on reading distance showed that participants with a reading distance of 30 cm or longer 
had a thicker choroid across all regions C0, C1, and C2 compared to those with a reading distance shorter than 
30 cm. A statistically significant difference was particularly observed in the C2 superior region (Supplementary 

Fig. 2.  Comparison of choroidal thickness across 4 regions. In both C1 and C2, the temporal choroid is the 
thickest, and the nasal choroid is the thinnest. The dots in the figure represent outliers.

 

Characteristic Total(N = 119)

Students, no. (%)

 Boys 66 (55.5)

 Girls 53 (44.5)

Height, cm 129.5 ± 5.6

Refractive error, D − 1.57 ± 1.56

Axial length, cm 23.39 ± 0.80

C0 choroidal thickness, µm 297.73 ± 57.88

Time spent

 In outdoor activities, min/day 83.7 ± 49.4

 Using smartphone/tablet/
Handheld game device, min/day 45.2 ± 40.4

 Using computers, min/day 10.3 ± 15.9

 Reading/studying, min/day 56.9 ± 49.9

 Reading distance, cm 25.1 ± 7.2

No. of parents with myopia

 0 19 ± 17.0

 1 35 ± 31.3

 2 58 ± 51.8

Table 1.  Student characteristics. Data are presented as the mean ± standard deviation unless otherwise 
indicated. D diopters, min minutes.
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Table S8). Similarly, when stratified by outdoor activity time using a 2-hour cutoff, no clear trend in CT was 
observed between the two groups (Supplementary Table S9). These findings indicate that no contradictory or 
inverse associations emerged compared with the aforementioned results.

To summarize, a longer AL generally was associated with thinner choroid across all regions except the C2 
nasal region. Longer computer usage time was associated with a thinner choroid in the C0 and C2 inferior 
regions, while longer smartphone/tablet/handheld gaming usage time was associated with a thicker choroid in 
the C2 superior and inferior regions. Additionally, longer reading distance was linked to a thicker choroid in the 
C2 superior and nasal regions.

Discussion
Multiple reports have been published on the CT in relation to age and ethnicity,14 CT and blood flow,25,26 and 
CT and accommodative function27–29 Our study specifically identified a significant association between the CT 
in the disc-macular area and the reading distance.

Variable

Univariate analysis
Multivariate 
analysis

Correlation coefficient P value Coefficient P value

Sex (boys = 1, girls = 0) 0.083 0.371

Height, cm 0.087 0.348

Axial length, mm 0.330 < 0.001 -23.958 < 0.001

Time spent

 In outdoor activities, min/day 0.039 0.674

 Using smartphone/tablet/ handheld game device, min/day 0.082 0.375

 Using computers, min/day 0.216 0.023 − 0.728 0.028

 Reading/studying, min/day 0.067 0.468

 Reading distance, cm 0.045 0.631

No. of parents with myopia

 0 0.090 0.343

 1 0.014 0.884

 2 0.055 0.565

Table 2.  Results of simple correlation and multiple regression analysis to estimate the association between C0 
choroidal thickness and environmental factors. min minutes.

 

Fig. 3.  Correlation between C0 choroidal thickness (CT) and spherical equivalent (SE), and between C0 
CT and axial length (AL). (a) A positive correlation is observed between C0 CT and spherical equivalent 
refraction. (b) A negative correlation is observed between C0 CT and AL.
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When we compared the current participants with those of similar age in previous studies,30–36 the average 
CT (C0) of our subjects was slightly thinner to approximately the same degree. Because no published studies 
divided the choroidal region or set detailed age groups as in the current study, precise comparisons were 
challenging. In addition, differences in measurement times also may have affected the variations in the results 
due to diurnal fluctuations. For example, a previous study30 of healthy children aged 3 to 16 years reported a 
subfoveal CT of 332.33 ± 73.07 μm, with subgroup analyses showing 322.71 ± 76.21 μm for 6- to 8-year-olds and 
340.86 ± 68.33 μm for 9- to 11-year-olds. Furthermore, when we compared the average CT by area in our study, 
the choroid was observed to thin from the temporal to the nasal side, consistent with previous reports involving 
children,30,31 adults,12 and both32 In addition, there was a positive correlation between the CT and refractive 
error, with our study indicating that a 1-D increase in myopia resulted in 8.0 μm of choroidal thinning, which 
agreed with previous findings of 10.0 µm14,37 and 15 μm38 There was also a negative correlation between the CT 
and AL, with a 1-mm increase in the AL resulting in 24.1 μm of choroidal thinning, which was comparable to 
previous results of 16.2 μm,37 21 μm,14 and 32 μm38.

The results of our univariate and multivariate analyses identified near work as an environmental factor related 
to the CT. Specifically, computer usage time and reading distance were associated with choroidal thinning. An 
important report by Yokoi et al.39 examined the choroid by region and found that 83% of adults with pathological 
myopia and patchy atrophy had choroidal thinning or atrophy between the optic disc and macula in childhood. 
This suggests that the “optic disc-macular area” is critical in myopia progression, and that maintaining the CT 
in this area during childhood may be important for preventing future pathological myopia. In our study, the 
optic disc-macular area corresponded to the C1 nasal and C2 nasal regions, and the reading distance was the 
environmental factor that affected that area. Therefore, maintaining a longer reading distance in childhood 
could potentially prevent choroidal thinning in this area and reduce the risk of future pathological myopia.

Recent reports have suggested that outdoor activity time is important for controlling myopia,4,9,10,40–42 but 
we did not find an association with CT in the current study. This may have occurred because our study was 
conducted in one elementary school with an average outdoor activity time of 82 ± 49 min daily, which is less than 
2 h, resulting in minimal individual differences.

Various studies have reported on the impact of digital devices such as smartphones on CT and myopia,43–47 
with no definitive conclusions. A systematic review47 of 15 studies that included 49,789 individuals reported 
that seven studies showed a relationship between screen exposure time and myopia. Among the five studies that 
conducted meta-analyses, screen exposure time was unrelated to the prevalence or onset of myopia.

Limitations.
This study had several limitations. First, it was a cross-sectional survey conducted at one institution and 

in children in one school grade. Therefore, the participants were relatively limited, and the findings might not 
have fully reflected the overall trends in children. Second, we did not use cycloplegics because we conducted 
the study during regular school classes. Cycloplegic autorefraction is the criterion standard according to several 
studies and the white paper presented by the International Myopia Institute48–50 Considering this, it is possible 
that the refraction reported in the current study was overestimated. Nonetheless, since the ALs were measured, 
we considered that the degree of myopia was assessed accurately through the AL. Third, there was recall bias 
since the lifestyle data were collected from a questionnaire. For example, the reported usage time for each type 
of digital device may not be entirely accurate. In the present study, we performed separate analyses for handheld 
and stationary digital devices to examine whether the outcomes differed by device type. However, aggregating 
all devices under a single category of “digital device use” may potentially improve the accuracy of the data. 
Furthermore, the incorporation of devices51,52 to objectively assessing near work time and distance will be 
considered in future research.

Variable

Univariate analysis
Multivariate 
analysis

Correlation coefficient P value Coefficient P value

Sex (boys = 1, girls = 0) 0.148 0.107

Height, cm 0.026 0.776

Axial length, mm 0.227 0.013

Time spent

 In outdoor activities, min/day 0.021 0.820

 Using smartphone/tablet/ handheld game device, min/day 0.131 0.156

 Using computers, min/day 0.116 0.226

 Reading/studying, min/day 0.012 0.901

 Reading distance, cm 0.135 0.150 1.128 0.015

No. of parents with myopia

 0 0.043 0.653

 1 0.023 0.807

 2 0.054 0.572

Table 3.  Results of simple correlation and multiple regression analysis to estimate the association between C2 
nasal area’s choroidal thickness and environmental factors. min minutes.
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Thus, while handheld digital devices such as smartphones may impact myopia, further objective measurements 
are necessary to definitively consider screen exposure time as an independent risk factor. The current study 
found an association between longer use of smartphones, tablets, and handheld games and thicker choroids, 
suggesting the need for prospective studies.

Conclusions
Childhood CT is correlated significantly with the refractive error and AL. In particular, a longer reading distance, 
which is associated with the region between the optic nerve head and the macula, was correlated with certain 
ocular parameters in this study. Although causality cannot be inferred due to the cross-sectional nature of the 
study, these findings suggested that reading distance may be a relevant factor affecting the choroid. Further 
longitudinal studies with larger sample sizes are needed to investigate this association more comprehensively.

Data availability
The datasets generated during and/or analyzed during the current study are available from the corresponding 
author on reasonable request.
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