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Purpose: 21 

To describe the relationship between choroidal thickness (CT) and myopia in relation to physical 22 

activity (PA) in a population-based child cohort.  23 

Methods: 24 

In a prospective study of 307 children from the CHAMPS Study Denmark, we used objective data 25 

from GT3X accelerometer worn at 4 periods between 2009 and 2015 to determine the amount and 26 

intensity of PA. Intensity was estimated as counts/minutes, and cut off-points were defined at four 27 

intensity levels. Eye examinations were performed in 2015 and included autorefraction in 28 

cycloplegia, axial length (AL) by biometri and fovea-centered enhanced depth imaging optical 29 

coherence tomography. By a semi-automated method we measured the CT at 17 targets per eye 30 

representing anatomically different locations (subfoveal, 1 and 3 millimeter in each direction of 31 

fovea).  32 

Results: 33 

Mean age at the eye exam was 15.4±0.7 years. The mean AL was 23.5±0.9 mm and the mean 34 

subfoveal CT was 369±87 µm. CT was 331 ± 68 µm for the overall macula, 355 ± 78 µm for the 1-35 

mm-zone and 304 ± 60 µm for the 3-mm-zone. All CT measurements were thinner in myopic eyes 36 

(p<0.0001) and in boys (p<0.05). We found no association between accumulated PA and the CT by 37 

either mixed model analysis (p = 0.074) or linear regression by intensity levels (p = 0.22, p = 0.15, 38 

p = 0.57 and p = 0.95). 39 

Conclusions: 40 

Among adolescents aged 14-17 years there was no association between physical activity and the 41 

choroidal thickness, axial length or refractive error. The choroid was thinner in myopic eyes and in 42 

boys.  43 



Myopia is the most frequent eye disorder globally and has become a significant socioeconomic and 44 

public health burden to society
1
 affecting as much as 80 to 90% of young adults in some Asian 45 

countries
2, 3

. Myopia is considered an important cause of visual impairment and blindness 46 

worldwide
4
 and is most often caused by excessive ocular axial elongation resulting in light focusing 47 

in front of the retina instead of on the retina
1
. The axial length growth causes expansion of the 48 

scleral tissue resulting in pathologic fundus abnormalities and retinal complications
1
.  49 

Myopia is not simply a biological error, but a controlled process in which the choroidal and scleral 50 

tissue structures are changed through biomechanical properties in response to the visual input at the 51 

retina
5
. The choroid accounts for 85% of the ocular blood supply

6
 and has the highest blood flow of 52 

any human tissue. Besides providing metabolic support the retina, the choroid´s other functions 53 

include thermoregulation and positioning adjustment of the retina to the image plane. Additionally 54 

the choroid contains cells with a secretory function. The latter is believed to play an important role 55 

in the emmetropization; the process by which a homeostatic control of the eye growth through 56 

continuous modulation  is adjusted to produce emmetropia
5
.  57 

The choroid is believed to be involved in the vascularization and growth of the sclera
5
. It is a source 58 

of growth factors that in response to visual stimuli and feed-back control stimulates the growth of 59 

the scleral tissue through an intricate signaling process
7
. In contrast to the retina and anterior uvea, 60 

the choroid has no or only little autoregulation
8
. Thus changes in systemic blood flow induce 61 

changes in the choroidal perfusion and thickness. This results in altering of the scleral extracellular 62 

matrix and changes in the ocular size and refraction
7, 9

. The process seems to be affected by an 63 

unknown local signal pathway where the choroid is intricately involved. 64 

Enhanced depth imaging spectral-domain optical coherence tomography (EDI SD-OCT) has made 65 

it possible to visualize and quantify the choroidal thickness (CT), although measurements are based 66 

on manual techniques as there is no fully automated software commercially available
10, 11

. 67 



 68 

Global changes in lifestyle including reduced time spent outdoors and reduced physical activity 69 

(PA) might be some of the factors behind the increase in myopia worldwide
12

 . Theories of the 70 

underlying physiological mechanisms include impact on the control of the emmetropization due to 71 

changes in choroidal blood flow
5, 7

 and light sensitive dopamine levels
13

 among others. The 72 

majority of research on PA in relation to myopia is based on subjective data, this, however, poses 73 

questions towards the reliability of the data
14

. Objective measurements with accelerometers provide 74 

reliable information and have distinct advantages over questionnaires and self-report
15

. 75 

There has been no report on how PA impacts the CT. We speculate that increased choroidal blood 76 

flow during emmetropization (and childhood), due to PA, could lead to increased CT and sclera, 77 

shorter AL and lower degrees of myopia
16

. There is also evidence of a secretory role of the choroid 78 

and that the choroid is sensitive to changes in bloodflow
5, 7

. There is clear indication of an 79 

association between CT and AL
10

 and we hypothesize that the correlation between changes in CT 80 

and ocular elongation (during the emmetropization) can be caused by altered blood flow and the 81 

secretion of growth factors due to PA exposure. Hence, this investigation was conducted with the 82 

objective of determining whether PA was correlated with choroidal thickness and myopia.  83 

 84 

Methods  85 

The CHAMPS Eye Study protocol has been described in details previously
17

. In short, the study is a 86 

part of The Childhood Health, Activity and Motor Performance School (CHAMPS) Study 87 

Denmark, which is a prospective study with longitudinal data on PA in a Danish cohort of 88 

schoolchildren. CHAMPS has been described in details elsewhere
18

. The CHAMPS Eye Study was 89 

conducted as a cross-sectional study with 8 years of longitudinally collected data. In total 307 90 

subjects were included. Details are described elsewhere
17

. 91 



PA was measured by accelerometers for one week at 4 different events during the 7 year study (in 92 

2009, 2010, 2012 and 2015). We used GT3X+ accelerometers (ActiGraph, Florida, USA)
18

. The 93 

GT3X+ are body core worn accelerometers placed on the hip by an elastic band and is a light, solid-94 

state triaxial device, designed to monitor PA in free-living populations. The method has been 95 

validated in previous studies
19

.  96 

For each participant the intensity of PA was estimated using counts per minute. Furthermore counts 97 

per minute cut-off points were defined for four intensity levels (sedentary- (SED), light- (L), 98 

moderate- (M), and vigorous- (V) PA) in accordance with other studies
19

. We calculated the mean 99 

intensity of PA per minute for each participant. The results were divided into each of the four PA 100 

levels, thus each participant had an individual percentage amount of PA distribution into the each of 101 

the four intensity levels. The participants wore the accelerometers during the woken hours of the 102 

day, for at least seven full consecutive days. We used the customized software program Propero 103 

(University of Southern Denmark, Odense, Denmark) to process the data files. 104 

The 307 included participants were examined from March to May 2015 at the Department of 105 

Ophthalmology, Odense University Hospital, Odense, Denmark. Visual acuity was registered by 106 

Early Treatment Diabetic Retinopathy Study (ETDRS) protocol. We measured the refractive error 107 

(RE) and performed keratometry by a stationary autorefractor (Tonoref II, Nidek, Tokyo, Japan) 108 

before and after cycloplegia. Mydriasis was obtained by using two drops of 1% Tropicamide in the 109 

right eye with five minutes interval. Tropicamide has previously been shown to be as effective as 110 

Cyclopentolate
20

. Both eyes were examined, however, only the right eye was dilated. We calculated 111 

the spherical equivalent refractive error (SE) as the sphere power + ½ cylinder power. By optical 112 

biometry (Lenstar LS 900, Haag Streit AG, Koeniz, Switzerland) we measured the ocular axial 113 

length and refractive components (anterior chamber depth, corneal curvature and lens thickness) 114 

based on the partial coherence laser interferometry principle. We used a minimum of five 115 



consecutive measurements to calculate the mean value. The eye examination furthermore included a 116 

comprehensive eye examination, biomicroscopy and indirect ophthalmoscopy (Haag-Streit, Köniz, 117 

Switzerland).  118 

 119 

We used Heidelberg Spectralis (Wavelength: 870 nm, Heidelberg Engineering, Heidelberg, 120 

Germany) to record SD-OCT of the posterior segment of the eye. The choroid was imaged with the 121 

EDI modality after pupil dilation. Heidelberg Spectralis eye tracking and automated real-time 122 

averaging features were used. Scans were repeated until a good quality was obtained. The scan 123 

through fovea should have a prominent specular reflex at the bottom of the foveal pit. Furthermore 124 

the quality (signal-to-noise ratio) should be higher than 25 dB. The scanning protocol included one 125 

30° foveal-centered radial EDI scan of four sections in accordance with other studies
21

. The scans 126 

were recorded with an art mode comprising 50 frames to ensure a high resolution. Only the 127 

participants’ right eye was measured and analyzed. From the four sections we made 17 CT 128 

measurements per eye representing anatomically different choroidal locations at the following 129 

targets: subfoveal, 1 and 3 millimeter in each direction of fovea to obtain the subfoveal and macular 130 

CT (Figure 1). The subfoveal CT was measured using the horizontal scan. CT was measured using 131 

the instrument manufacturer software Heidelberg Eye Explorer (Version 1.9.10.0). We used the 132 

semi-automatic Segmentation method for CT measurement which has been described and validated 133 

in a previous study
11

. In brief, we manually selected a new line at the choroid-scleral border (CSB). 134 

We retained the automated defined Bruchs membrane (BM) line and the software calculated the 135 

vertical distance between the 2 segmentation lines in each of the 17 targets (Figure 1). The CT was 136 

defined as the vertical distance between the hyper reflective line of the BM and the CSB
22

. When a 137 

suprachoroidal space was present, it was counted as part of the choroid. The 17 targets were 138 

additionally divided into a 1- and 3- mm-zone from the fovea. Scans were recorded by an 139 



experienced medical doctor and the CT measurements were performed by a single trained examiner 140 

masked to the subjects. Intra- and intergrader intraclass correlation coefficients of the method were 141 

calculated in a subsample in a previous study and demonstrated high reliability
11

. The keratometry 142 

readings, including average corneal curvature and refraction data for all subjects, were entered into 143 

the Heidelberg Eye Explorer program, according to the user manual guidelines, for correct 144 

transverse optical magnification and to thereby ensure accurate comparisons across the study 145 

subjects.  146 

  147 

Ethical approval 148 

All children and parents from participating schools received detailed information about the study 149 

through meetings and written information before signed informed consent. Participation was at all 150 

times voluntary. The CHAMPS study-DK was approved by the Regional Scientific Ethical 151 

Committee of Southern Denmark (ID S-20140105) and the Danish Data Protection Agency. The 152 

study was conducted in accordance with the Declaration of Helsinki and with good epidemiological 153 

and clinical practice.  154 

 155 

Statistical analysis 156 

The statistical analyses were conducted using STATA 14 for Windows (StataCorp LP, College 157 

Station, USA) and R version R-3.3.2 (R Core Team 2017, R Foundation for Statistical Computing, 158 

Vienna, Austria.) Cross sectional analyses were performed using the measurements from 2015 and 159 

demographic data were presented as mean with standard deviation (SD) and range for continuous 160 

variables. Results with p-values < 0.05 were considered significant. Comparisons between groups 161 

were evaluated using the Two-sample Student's t-test for continuous variables and Chi-squared test 162 

(χ²) for Tanner stages. To test correlation between CT and variables we used sex- and age- adjusted 163 



linear regression analysis. Skewness and kurtosis test for normality, Shapiro-Wilk Test and q-q 164 

plots were used to check assumptions of normality. Residuals plots were inspected to check for the 165 

homogeneity of variance assumption.  166 

The accelerometer data output (number of minutes, in each activity intensity level per day for all 167 

participants) were further converted into proportions in SED, L, M and VPA intensity levels, 168 

respectively (adding up to 100%).  169 

The dependence of CT on PA was analyzed with a linear mixed model. CT measurements were 170 

available for all seventeen choroidal locations for 293 participants. The PA was represented in the 171 

model as the mean across the four measurement occasions in either of the activities: LPA, MPA or 172 

VPA. We only included subjects who had a minimum of two PA measurements leading to a final 173 

number of 268 participants in this analysis.  For each location an own mean parameter was 174 

included. Other fixed effects were the age and sex of a participant. The participant effect was 175 

accounted for by a random intercept and the spatial correlation between the seventeen 176 

measurements was taken account for by a Matern model
23

. The sex was kept in the model as in 177 

other studies but was stringly confounded with AL, which is considered the more relevant factor. 178 

The model was fitted with the corrHLfit () function of the spaMM R-package version 1.10.0
23

. 179 

 180 

Results 181 

Characteristics of the 307 included participants are shown in Table 1. The mean age at follow-up 182 

was 15.4 ± 0.7 years (range 14.3 to 17.5 years) and 52.4% of the participants were boys. The mean 183 

BCVA score was 89 ± 5 letters and significantly better in non-myopic subjects (p < 0.001). The 184 

overall mean SE was 0.30 ±1.46 D giving a myopia prevalence of 17.9% when defined by SE ≤ -0.5 185 

D. There was no difference between gender (p=0.22). For all subjects the mean AL was 23.5 ± 0.9 186 

mm, 24.4 ± 0.9 mm for myopic and 23.3 ± 0.8 mm for non-myopic subjects (p < 0.0001). The 187 



anterior chamber depth (ACD) was significantly longer in myopic subjects (p=0.001) while there 188 

was no difference in lens thickness (p = 0.27) (Table 1). 189 

The mean subfoveal CT was 369 ± 87 µm (range 173 to 638 µm). Summarized the CT was 331 ± 190 

68 µm for the overall macula, 355 ± 78 µm for the 1-mm-zone and 304 ± 60 µm for the 3-mm-zone. 191 

All were significantly thinner in myopic subjects (Tabel 2) and in boys (360.5 ± 82.7 µm vs. 379.3 192 

± 90.7 µm, p < 0.05).  193 

The CT 1 mm superior from fovea was the thickest target at 373 ± 85 µm followed by the subfoveal 194 

target. The 1 mm zone was significantly thicker than the 3 mm zone and the temporal targets were 195 

significantly thicker than corresponding nasal targets. The thinnest CT was at the nasal 3 mm target 196 

(190 ± 68 µm) (Table 2, Table 5 and Figure 2). 197 

Longer AL and more myopic refraction were both significantly associated with thinner CT in all 198 

measured targets. Summarized, by regression analysis, the β-coefficients for the associations 199 

between AL and CT were -34 µm/mm (standard error = 5.3) (Figure 3) for subfoveal CT (p < 200 

0.0001), -31 um/mm (standard error = 4.5) for the 1 mm zone (p < 0.0001), -22 µm/mm (standard 201 

error = 3.5) for the 3 mm zone (p < 0.0001) and -26 µm/mm (standard error = 5.9) for the overall 202 

macular CT (p < 0.0001). There was no association between age and subfoveal CT (3 um/year, p = 203 

0.66) or overall macular CT (3 µm/year, p = 0.67).  By univariate linear regression analysis thicker 204 

subfoveal CT was associated with body height (β = -1.6 µm/cm, p = 0.006). For the refractive error 205 

there was a subfoveal CT thinning at a rate of 18 µm per diopter (p < 0.0001). There was an 206 

association between birthweight and AL (β = 161.6 g/mm, p < 0.001). There was no association 207 

between birthweight and subfoveal CT (p = 0.123), 1mm zone CT (p = 0.315), 3mm zone CT (p = 208 

0.501) or the overall macular CT (p = 0.345).  209 

The PA based on duration and intensity levels for the four measurement periods is presented in 210 

Table 3. Full data on valid accelerometer measurement data varied from 207 to 283 participants 211 



(Table 3). For 205 participants we had a minimum of two PA measurements including both the 212 

baseline and follow-up measurements (2009 and 2015). In 268 participants we had at least two PA 213 

measurements (any two of the measurement period). For all subjects the overall amount in PA was 214 

67.2% in sedentary, 25.6% in light, 4.4% in moderate and 2.9% in vigorous PA level. There was no 215 

difference in the level of PA between myopic and non-myopic subjects in any test period (Table 3).  216 

A total of 205 participants were included in a prospective slope analysis (Table 4). By regression 217 

analysis the β-coefficients for the associations between accumulated PA and the overall macular CT 218 

were 2.31 µm/% (p = 0.22), -3.99 µm/% (p = 0.15), -5.43 (p = 0.57) and -0.53 (p = 0.95) for SED, 219 

L, M and V PA, respectively. In this analysis there was a tendency to a thinner CT in response to 220 

increased PA, however this was not significant. The same trend was seen for the subfoveal CT and 221 

the 1- and 3 mm zones (Table 4).  222 

Similarly, by a linear mixed model analysis on 268 participants we found no association between 223 

PA and CT (Table 5). The model is plotted in Figure 2 and describes the mean CT for a female with 224 

the sample mean variables. The CT function is shifted up or down in relation to different 225 

parameters. In this analysis 1% increased LPA, MPA and VPA tended to incited a -1.17 µm thinner 226 

CT, however not significantly (p = 0.074). Age and sex had no independent effect on the CT (p = 227 

0.361 and 0.355, respectively). AL was the only significant parameter with a 1 mm increase leading 228 

to a -28.09 µm decrease in CT (Table 5).  229 

 230 

Discussion 231 

We present the first study on associations between PA and CT. We used repeated objective data on 232 

PA accumulated over 7 years during childhood and found no significant association with the CT. In 233 

a linear mixed model analysis there was a tendency of a thinner CT in relation to PA. The negative 234 



estimates were contrary to our expectation. We hypnotized that PA would increase the CT and 235 

result in a lower prevalence of myopia. 236 

There have been no previous studies to investigate PA and CT. Till now most studies on CT has 237 

been concentrated on ocular diseases, high myopia and have mostly been focused on adults. A 238 

recent study by Li et al
10

 contributed with information on CT in healthy subjects from a population-239 

based study on children aged 11-12 years. Our study adds to the knowledge of CT in young healthy 240 

subjects mid- and post pubertal development and our results correlate well with other studies. The 241 

subfoveal CT was equal to the CT in The Copenhagen Child Cohort 2000 Eye Study
10

 and thicker 242 

than seen among healthy adults
22

 in other studies
22, 24

. Previously, age has been found associated 243 

with decreased CT in adults and increased CT in children
10

. In contrast, we found no correlation 244 

with age, most likely because of the narrow age span in our sample. We found a difference in CT 245 

between gender (thinner in boys), which correlates with other studies
10, 24

. We concluded by several 246 

means that PA during childhood was not associated with CT or myopia. 247 

We confirmed the well-known correlation between longer AL and thinner CT. The effect of PA on 248 

AL and myopia has been investigated in various studies
14

. And recently we described no association 249 

between PA and myopia (as AL and SE) based on objective and repeated PA data
17

. 250 

Recent studies have shown a correlation between increasing axial length and refractive status with 251 

thinning of the choroid in adults
22

 and children
10

. Furthermore the choroid is primarily or 252 

secondarily involved in the pathophysiology of several vision threatening diseases such as age-253 

related macular degeneration
25

, central serous chorioretinopathy
26

 and myopic macular 254 

degeneration
27

. It is believed that this is caused by compromised choroidal circulation and 255 

morphology. Thus it is important to evaluate the choroid both quantitatively and qualitatively in 256 

order to reveal its association with eye diseases. 257 

 258 



The theoretical impact of PA on the CT needs to be explained. The choroid has no or little 259 

autoregulation
8
. Thus the tissue might be influenced by changes in blood flow resulting in a change 260 

of the tissue structure of the choroid and the adjacent sclera. A high blood flow in the choroid (as 261 

for instance due to PA) could result in increased oxygen and nutrients, and increase the structural 262 

growth and thickness of the choroid and sclera. It is proposed that a visually guided AL growth is 263 

controlled by an unknown signaling cascade involving local, chemical events initiated in the retina 264 

and ultimately causing changes in the extracellular matrix of the scleral tissue
5, 7

. It is believed that 265 

the regulation of scleral metabolism during the visually guided ocular growth works through the 266 

choroid
7
. This emmetropization has been researched using animal models, especially in chicks

5
. 267 

Wallman et al. showed that occlusion of the eye lead to axial elongation and myopia and that 268 

choroidal blood flow and thickness changes during recovery from deprivation myopia
9
. Thereby the 269 

refractive error and AL are under homeostatic control, and the choroid which possesses a secretory 270 

quality seems to play a central role
5
. We believe that the choroid, due to visual input and light 271 

exposure (including possible dopamine release), modulates the ocular growth through biosynthetic 272 

activity. Our hypothesis was that PA might influence the choroid and its regulatory functions 273 

through a mechano-sensory changed blood flow. Furthermore PA is known to influence the 274 

vascular system in general through numerous mechanisms including effects on blood pressure, 275 

cardio-vascular function, lipid metabolism, inflammatory responses, oxidative stress, and insulin 276 

resistance and by modulating growth factor systems
28, 29

.  277 

Our study has some methodological strengths. In relation to data on PA, we used objective 278 

measurements by accelerometry which was an advantage. Limitations with studies on PA by 279 

subjective data from questionnaires and self-report have been discussed in a previous publication
19

 280 

and include recall bias and overestimation of time on PA
30

. PA measurements were performed at 281 

four different times across the study period, which makes the study one of the most detailed that has 282 



been published in describing objective PA in children and adolescents. Limitations to our PA data 283 

include underestimation of the real PA exposure. This is due to technical specifications; removal of 284 

accelerometer during shower or swimming and the fact that accelerometers are unable to collect 285 

bicycling PA adequately
31

. Furthermore, our study relied on willingness to wear the accelerometer 286 

correct and according to instructions. Still, we succeeded obtaining valid data on 92% of the 287 

participants in the CHAMPS Eye Study. In relation to ophthalmologic data it was a strength that we 288 

used cycloplegic autorefraction which is considered gold standard in children and adolescents
32

.  289 

A limitation to our study is that we used a manual technique to measure the thickness. An accurate 290 

evaluation of the CT with EDI-OCT primarily relies on the ability to define the interface between 291 

the choroid and sclera. In some scans the layers can be hard to distinguish, however, the Heidelberg 292 

Eye Explorer software has several features including adjustment of light, contrast and color 293 

spectrum which makes it possible to emphasize the tissue borders. In previous studies some 294 

investigators have exported scan images to use extended edit features in third party programs for a 295 

better visualization
33

. However, this process has many problematic steps and was therefore not 296 

considered for this study. The measurement technique used in this study was validated for both 297 

healthy subjects and patients with macular pathology, demonstrating a high intra- and intergrader 298 

reliability
11

. 299 

We only had the opportunity to make ophthalmological examination once. A fundamental limitation 300 

of cross-sectional studies is the inability to conclude any casual effect between exposure and 301 

outcome. To avoid the problem with causality it would be preferable to have prospective continues 302 

eye examinations through all study years. However, in our study we found no association between 303 

exposure and outcome. Still, we believe our finding is important and is necessary to report to avoid 304 

publication bias. 305 

 306 



Despite extensive myopia research, there has been no effective treatment or prevention of the 307 

development of myopia. Although there are new positive effects with atropine eye drops
34

 and 308 

orthokeratological contact lenses showing a slowing of myopia progression or axial elongation by 309 

nearly 50%
35

, there are side effects associated with these and furthermore a well-known rebound 310 

effect. However, the ATOM2 study show a lower rebound effect using a lower dose (Atropine 311 

0.01%)
34

.  While research shows that the ocular elongation is somehow modulated by the choroid, 312 

this might open up a possibility to interfere with the eye growth and to control the myopia 313 

progression and study new treatment directions. New mechanisms of action could be more effective 314 

and less dangerous than interfering with the cornea and retina.  315 

Although we did not find an association between PA and CT or myopia in the present study, it is 316 

essential to emphasize that engaging in PA is protective of most lifestyle induced diseases
36

 and is a 317 

valuable and inexpensive method to prevent obesity, diabetes mellitus and cardiovascular diseases 318 

in children and adolescents.   319 
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Legends 

 

FIGURE 1 Measurement of choroidal thickness 

Horizontal transfoveal section of radial EDI-SD OCT scan (right) and corresponding infrared heat 

spectrum color fundus image (left) with 17 measurement targets at foveola, 1 and 3 millimeter in 

each direction (white dots). In the “Thickness Profile” window using the Segmentation method, the 

macular choroidal thickness is measured as the distance between the automatic generated segment 

Bruchs membrane (BM) and the manual selected segment Choroid-scleral border (CSB) (green 

arrows). The thickness is automatic calculated and shown in the thickness scale. Blue line indicates 

the subfoveal target. 

 

FIGURE 2  The multilocational choroidal thickness of the participants 

The 3D plot illustrates the formation of the mean macular choroidal thickness at 17 locations. The 

points describe the mean choroidal thickness estimated from a mixed model for a female at the 

sample mean age of 15.4 years, the sample mean axial length of 23.5 mm and the sample mean 

average of the mean activity of 32% per day. Each of the four scans is represented by a color and 

measurements by dots. In the x-z plane the plots are projected onto a fundus photography showing 

their anatomical location. The green star indicates the subfoveal center at (0;0). The choroidal 

thickness was significantly thinner in the three most nasal locations. 

 

FIGURE 3 Choroidal thickness and axial length 

Scatterplot of subfoveal choroidal thickness and axial length of all subjects and by myopia.  

The graph shows a significant negative correlation. β-coefficient = -34 um/mm (standard error = 

5.3) for subfoveal CT (p < 0.0001).  
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TABLE 1 Characteristics of study population based on presence or absence of myopia 
 

  
All 
N = 307 
Mean (SD) 

Range 
Myopic 
N = 55 (17.9%) 
Mean (SD) 

None myopic 
N = 252 (82.1%) 
Mean (SD) 

  
P value 

Age (years) 15.4 (0.7) 14.3 - 17.5 15.4  (0.6) 15.4 (0.7) 0.71 

Height (cm) 172 (8.4) 140 - 200.8 174 (9.0) 171 (8.1) 0.08 

Weight (kg) 61 (10.3) 30.5 - 123.4 61 (10.8) 60 (10.2) 0.48 

BMI 20.2 (2.5) 13.4 - 30.9 20 (2.8) 20 (2.4) 0.72 

Birthweight (g)* 3460.2 (692.9) 2600 - 5400 3676.4 (556.1) 3416.9 (709.7) 0.02 

Pubertal assessment**      

   Tanner 1 0  0 0  

   Tanner 2 10 (3.3%)  1 (1.9%) 9 (3.6%)  

   Tanner 3 26 (8.6%  3 (5.7%) 23 (9.3%)  

   Tanner 4 164 (54.4%)  29 (54.7%) 135 (54.4%)  

   Tanner 5 101 (33.6%)  20 (37.7%) 81 (32.7%) 0.71 

      

BCVA right eye (ETDRS letters) 89 (5) 55 - 100 87 (6) 89 (5) < 0.001 

Cycloplegic SE right eye (D) 0.30 (1.46) -7.25-7.50 -1.77 (1.6) 0.75 (0.6) < 0.0001 

AL right eye (mm) 23.5 (0.9) 20.1-27.4 24.4 (0.9) 23.3 (0.8) < 0.0001 

ACD (mm) 3.8 (0.2) 3.1 - 4.4 3.9 (0.3) 3.8 (0.2) 0.001 

LT (mm) 3.5 (0.2) 2.61 - 3.93 3.4 (0.2 3.5 (0.2) 0.27 

 

Data are presented as mean, standard deviation, range or n (%).  

Comparisons between groups were made using Two-sample Student's t-test and Chi-squared test 

(χ²) for Tanner stages. 

Myopia is defined by SE ≤ -0.5 diopters. 

*Birthweight: N = 275, Myopic = 49 (17.8%), Non myopic = 226 (82.2%). 

** Pubertal assessment: N = 301, Myopic = 53 (17.6%), Non myopic = 248 (82.4%). 

BMI: Body mass index, BCVA: best corrected visual acuity, SE: Spherical equivalent, D: Diopters, 

AL: Axial length, ACD: Anterior chamber depth, LT:  Lens thickness. 

  



TABLE 2 Macular choroidal thickness based on presence or absence of myopia 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Overview of multilocational macular choroidal thickness and differences between myopic and non 

myopic participants.  

CT: Choroidal thickness. SD: Standard deviation.  

Comparisons between groups were made using Two-sample Student's t-test. 

 

 

 

 

 

 

 

 

Location 

All 
N = 307 
Mean (SD) 

(µm) 

Range 

Myopic 
N = 55 (17.9%) 
Mean (SD) 

(µm) 

None myopic 
N = 252 (82.1%) 
Mean (SD) 

(µm) 

 
P value 

Subfoveal CT 369 (87) 173-638 313 (77) 382 (84) <0.0001 

 

      

1 mm zone CT overall 355 (78) 168-560 306 (71) 366 (76) <0.0001 

      

Superior 373 (85) 149-586 321 (79) 384 (82) <0.0001 

Nasosuperior 357 (87) 163-597 302 (87) 370 (83) <0.0001 

Nasal 340 (86) 140-578 284 (81) 353 (82) <0.0001 

Nasoinferior 352 (92) 24-643 298 (72) 363 (91) <0.0001 

Inferior 359 (87) 141-642 310 (73) 370 (86) <0.0001 

Temporoinferior 357 (87) 163-597 302 (87) 370 (83) <0.0001 

Temporal 329 (70) 165-526 286 (62) 339 (69) <0.0001 

Temporosuperior 367 (82) 154-590 316 (69) 387 (80) <0.0001 

      

3 mm zone CT overall 304 (60) 162-487 268 (53) 313 (59) <0.0001 

      

Superior 364 (84) 42-614 316 (77) 375 (82) <0.0001 

Nasosuperior 290 (75) 100-533 250 (72) 299 (72) <0.0001 

Nasal 190 (68) 73-518 173 (78) 193 (65) 0.048 

Nasoinferior 273 (74) 91-495 238 (66) 281 (73) 0.0001 

Inferior 329 (70) 165-526 286 (62) 339 (69) <0.0001 

Temporoinferior 332 (79) 136-595 289 (61) 342 (80) <0.0001 

Temporal 323 (74) 122-520 281 (56) 332 (75) <0.0001 

Temporosuperior 342 (76) 99-576 308 (68) 350 (76) 0.0002 

      

Macular CT overall 331 (68) 167-546 288 (62) 341 (65) <0.0001 



 

 

 

 

TABLE 3 Physical activity at all periods based on presence or absence of myopia 
 

Physical Activity Level 

Physical Activity 

Mean time (SD) 

(%) 

Range 

Myopic 

Mean time (SD) 

(%)  

Non myopic 

Mean time (SD) 

(%)  

P value 

Period 1: (n=207) 
     

Sedentary activity 63.5 (5.2) 49.9 - 77.6 63.7 (5.7) 63.5 (5.1) 0.79 

Light activity 28.6 (3.8) 18.9 - 39.8 28.2(3.4) 28.7(3.8) 0.46 

Moderate activity 5.1 (1.4) 2.3 - 9.4 5.3(1.8) 5.0(1.3) 0.39 

Vigorous activity 2.8 (1.1) 0.6 - 5.8 2.8(1.4) 2.8 (1.1) 0.85 

Period 2: (n=221) 
     

Sedentary activity 63.1 (6.1) 46.6 - 77.3 63.4 (6.6) 63.1 (6.0) 0.76 

Light activity 28.6 (4.5) 17.3 - 43.7 28.0 (4.4) 28.7 (4.5) 0.42 

Moderate activity 5.1 (1.6) 2.2 - 9.6 5.2 (1.6) 5.1 (1.6) 0.63 

Vigorous activity 3.2 (1.5) 0.7 - 8.6 3.3 (1.7) 3.1 (1.4) 0.51 

Period 3: (n=245) 
     

Sedentary activity 68.0 (6.4) 48.2 - 82.8 67.3 (7.0) 68.1 (6.3) 0.46 

Light activity 25.1 (4.5) 13.7 - 37.3 25.4 (4.8) 24.9 (4.4) 0.60 

Moderate activity 4.1 (1.4) 1.3 - 9.0 4.3 (1.6) 4.0 (1.4) 0.29 

Vigorous activity 2.9 (1.6) 0.4 - 8.6 3.1 (1.7) 2.9 (1.6) 0.58 

Period 4: (n=283) 
     

Sedentary activity 74.1 (5.9) 54.8 - 86.9 75.0 (6.1) 73.9 (5.8) 0.22 

Light activity 19.9 (4.1) 11.5 - 35.1 19.2 (4.5) 20.0 (4.0) 0.19 

Moderate activity 3.4 (1.3) 0.8 - 8.1 3.3 (1.4) 3.5 (1.3) 0.45 

Vigorous activity 2.6 (1.7) 0.1 - 8.7 2.5 (1.4) 2.6 (1.7) 0.63 

All periods overall        

Sedentary activity 67.2 (4.8) 52.8 – 78.7 67.3 (5.8) 67.2 (4.7) 0.88 

Light activity 25.6 (3.4) 17.7 – 36.2 25.2 (3.9) 25.6 (3.3) 0.68 

Moderate activity 4.4 (1.1) 2.4 - 7.3 4.5 (1.3) 4.4 (1.1) 0.73 

Vigorous activity 2.9 (1.2) 0.8 – 5.9 2.9 (1.3) 3.9 (1.1) 0.79 

 

Data are presented as mean and standard deviation.  

Mean time in percent on PA for each activity level.  

Two-sample Student's t-test. 

 
 

 

 

 

 

 

 



 

TABLE 4 Summarized physical activity and choroidal thickness  
 

Effect of summarized  physical activity   β-coefficient SE 95% Conf. Interval P value 

Subfoveal choroidal thickness (µm)         

Sedentary activity  2.19 2.21 -2.17-6.55 0.32 

Light activity  -3.94 3.24 -10.33-2.44 0.22 

Moderate activity  -5.31 10.96 -26.91-16.30 0.63 

Vigorous activity  0.09 10.37 -20.35-20.53 0.99 

Choroidal thickness at 1 mm zone      

Sedentary activity  2.01 2.12 -2.16-6.19 0.34 

Light activity  -3.87 3-03 -9.85-2.11 0.20 

Moderate activity  -0.81 11.44 -23.36-21.74 0.94 

Vigorous activity  1.70 9.87 -17.75-21.15 0.86 

Choroidal thickness at 3 mm zone      

Sedentary activity  2.72 1.59 -0.42-5.85 0.10 

Light activity  -4.17 2.28 -8.66-0.32 0.07 

Moderate activity  -10.18 7.70 -25.37-5.01 0.19 

Vigorous activity  -3.39 7.01 -17.36-10.58 0.63 

Choroidal thickness overall (µm)         

Sedentary activity  2.31 1.89 -2.16-6.19 0.22 

Light activity  -3.99 2.75 -9.85-2.11 0.15 

Moderate activity  -5.43 9.48 -23.36-21.74 0.57 

Vigorous activity  -0.53 8.81 -17.75-21.15 0.95 

 

Regression analysis for slope data of summarized PA from all periods and choroidale thickness at 

different locations. Adjusted for sex and age. N = 205. Data are presented as β-coefficient, standard 

error and with 95% confidence interval. 

 

  



TABLE 5 Choroidal thickness in relation to physical activity  

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Estimates on choroidal thickness in relation to physical activity, axial length, age, gender and 

location. Data was analyzed with linear mixed model.  N = 268. Estimates are presented in µm with 

standard error.  

* Interpretation:   Mean of the choroidal thickness in the subfoveal target for a female aged 15.4 

year, with an axial length of 23.5 mm and with daily time consumption on physical activity (light, 

moderate or vigorous) of 32%, representing the average of the sample measurement variables. 

** The parameters show the transposition of the overall choroidal thickness function.  

*** Physical activity defined as daily percentage time in light, moderate or vigorous activity levels.  

**** The estimates describe the mean deviation from the reference subfoveal target. 

 
Estimate (µm) SE P value 

Intercept* 365.6 6.57 0.0001 

    

Parameters**    

    

Physical activity*** (per 1%)        -1.17      0.81 0.074 

Axial length (per 1 mm)           -28.09      4.56 <0.0001 

Age (per 1 year)            -2.09      5.86 0.361 

Sex (if male gender)   3.30      8.87 0.355 

    

Target localization****    

1 mm zone CT overall     

Superior 3.76      3.64 0.152 

Nasosuperior -9.77      3.64 0.004 

Nasal -29.12      3.62 >0.0001 

Nasoinferior -17.47      3.63 >0.0001 

Inferior -9.89      3.63 0.004 

Temporoinferior -11.48      3.63 0.001 

Temporal -6.17      3.62 0.046 

Temporosuperior -2.19      3.63 0.274 

3 mm zone CT overall    

Superior -2.96      3.63 0.209 

Nasosuperior -77.95      3.64 >0.0001 

Nasal -182.41      3.62 >0.0001 

Nasoinferior -97.03      3.63 >0.0001 

Inferior -38.71      3.62 >0.0001 

Temporoinferior -36.98      3.63 >0.0001 

Temporal -44.90      3.63 >0.0001 

Temporosuperior -27.23      3.63 >0.0001 


